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ABSTRACT

Shockwaves produced from ballistic impacts and improvised explosive devices are capable of causing severe internal trauma to soldiers.  Current antiballistic materials give adequate protection to soldiers from high velocity impacts, however they are insufficient at absorbing and dissipating shockwave energy generated by these impacts and IED explosions.  The goal of this research was to develop shockwave absorbing protective materials which can be used as liners in conjunction with current antiballistic materials by reinforcing thermoplastic polyurethane nonwovens with high modulus nanoparticles.  

To determine the appropriate TPU for the application, a series of TPUs of shore hardness ranging from 60D to 85A were melt blown to investigate processability, web structure, mechanical, and thermal properties.  It was determined that a TPU of 90A shore hardness was most suitable and possessed a glass transition in the ideal range to exploit the transition from rubber to glass phase upon high velocity impact to allow for large amounts of energy dissipation.  Nanoparticles investigated for reinforcement include: nanoclay, graphite, C60, POSS, and inorganic disulfide nanotubes.  Methods used to incorporate the nanoparticles into the nonwoven web were: dip coating, ultrasonic spray coating, and melt blowing with compounded mixtures of polymer and nanoparticle blends.  The loaded webs were fabricated into sandwiched nanocomposites to investigate the performance by dynamic, and high frequency testing.  

[bookmark: _GoBack]The ultra-sonic spray coating method produced the most uniform dispersion of nanoparticles and greatest improvement in the dynamic mechanical properties of the reinforcement methods investigated.  Of the multiple nanoparticles used for reinforcement, C60 provided the greatest improvement in damping ability.  With optimized spray coating parameters, the storage and loss moduli of the C60 reinforced sandwich composite at 0.2% by weight loading were increased by 15 times over the control sample.
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[bookmark: _Toc372747058]CHAPTER I: INTRODUCTION
[bookmark: _Toc372747059]1.1: Scope

The rise of fundamentalism in certain pockets of the world has been accompanied by an increase in encounters involving asymmetric threats. Defined as extended and unanticipated operations conducted by individuals, organizations, and nations specifically targeting weak and vulnerable sections within the enemy countries, the prevalence of asymmetric threats continues to rise. In the words of former Secretary of Defense William Cohen, asymmetric threats are a major component in warfare [1].  Vulnerable sections at risk during these threats often include logistics, maintenance, communication and supply units, health care professionals, etc., and any individuals involved in all of these areas are at high risks during a conflict [2].  An important consequence of the large number of improvised explosive devices (IEDs) soldiers are being confronted with is the subsequent increase in traumatic brain injuries.  While personal protection gear has been greatly improved over the years, protection from shockwaves generated by IED explosions has never been a priority.  However, with the increasing number of soldiers experiencing TBIs, it is clear much work must be done to understand the nature of the injury, how it occurs, and what can be done to prevent them [3].

Considering the United States’ manpower, advanced weaponry, and modern technological capabilities, many weaker organizations and nations utilize asymmetric threats against the USA as their preferred form of combat.  However, the threats of asymmetric weapons can be deterred through the implementation of a multifaceted strategy, which includes intelligence, data acquisition and analysis, and disruption of the asymmetric threat chain and technology through the utilization of protective gear, armored military vehicles, and hand held shields, etc.  There are certain necessary requirements for protective gear in such situations.  For example, usable materials must be light-weight, balanced, durable, cost-effective, and compatible with other equipment, comfortable, reusable, water repellent, moisture-vapor permeable, fire resistant, and camouflage capable. The gear should also have a low heat stress, contain the ability to defeat projectiles, and have a longer service life.

Only a composite material can fulfill a multitude of properties.  Currently, much of the military protective gear is fabricated from composite materials based off very strong yet stiff and brittle fibers [4]. These materials perform well at preventing penetration of projectiles, however they are inefficient at absorbing and dissipating the remaining projectile energy and shockwaves generated from explosions.  A different material is required to absorb and dissipate this type of energy. Thermoplastic elastomeric composites are a rapidly growing field of advanced materials.  Composites comprised of reinforcing nanofillers embedded in a matrix of thermoplastic elastic polymers offer high specific strength, stiffness and low density.  Reinforced composite materials can play an important role in military applications and provide materials with very high strength, impact resistance, and energy dissipation.  To achieve diverse properties in the gear, a prudent selection of nanofillers, polymers for the matrix, and soft and hard laminates have to be selected, and the construction has to be engineered based on the level of hazard that is critical.  This proposed research will address several of these aspects.

[bookmark: _Toc372747060]1.2: Description of Threats and Shockwaves

[bookmark: _Toc372747061]1.2.1: Ballistic Impacts

A ballistic impact is generally described as a low-mass high velocity impact by a projectile propelled by a source onto a target.  The high velocity impact may be initiated from handguns, rifles, and fragments or debris from explosive devices.  During the ballistic impact, energy transfer takes place from the projectile to the target.  The nature of the impact strongly depends on the properties of the projectile and target.  Aspects of the two include the shape, size, velocity, and constitute material properties of the projectile and the material properties and makeup of the target. For impacts corresponding to typical velocities from defense related terminal ballistics (~ 0.3 - 2 km/s), the peak strain rates generated are of the order of 105 to 106 s-1 [4].  All strain rates below the peak strain rate are likely to also be developed during the event at sufficiently long times and substantial deformation may occur as these lower strain rates as well as they are sustained for longer periods of time.  Upon impact, a series of physical phenomena takes place in a very short period of time: elastic and plastic wave propagation, fracture and fragmentation, perforation, and spallation [5].  Unfortunately, these phenomena are yet to be fully understood and controlled.  This is mainly due to the very quick time scales in which these phenomena occur, making observation and data collection difficult.


[image: C:\Users\JFo\Pictures\bullet.jpg]
[bookmark: _Toc372738107]Figure 1. Bullet shockwaves. [6]
	
[bookmark: _Toc372747062]1.2.2: Explosive Devices

An explosive device is device that relies on the exothermic reactions of an explosive material to provide an extremely sudden and violent release of energy [6].  In the scope of this research, this includes devices such as grenades, missiles, bombs, mortars, and the so called improvised explosive device (IED).  The Department of Defense describes an IED as:

“A device placed or fabricated in an improvised manner incorporating destructive, lethal, noxious, pyrotechnic, or incendiary chemicals and designed to destroy, incapacitate, harass, or distract. It may incorporate military stores, but is normally devised from nonmilitary components[9].”

The use of IEDs has risen significantly in the last few years with the US wars in the Middle East and the more frequent terrorist’s attacks.  In fact, in 2003, it was estimated that there were approximately 10 million IEDs planted underground in Iraq [7].  It has also been estimated that approximately 75% of deaths in Afghanistan were due to IEDs which is an increase from 40 to 60% of deaths in the Iraqi war attributed to IEDs [7].  The increase in use of IEDs is likely due to the ease in which IEDs may be produced from ordinary household items at low cost coupled with the magnitude of destruction they are capable of.  A diagram of a typical homemade IED and its components is shown in Figure 2. 



[image: C:\Users\JFo\Pictures\IED.jpg]
[bookmark: _Toc372738108]Figure 2.  Schematic of IED. [7]
Currently, IEDs are the biggest threat to soldiers located in both Iraq and Afghanistan [8].  One reason for this is due to the very nature of IEDs as they are produced in low technology, makeshift methods with random items.  This makes them hard to locate prior to detonation.  IEDs can be detonated either remotely, by disturbance, or by suicide bombers.  Injury can occur by either infringement of projectiles or fragments incorporated in the device or debris from surrounding structures disturbed by the blast.  Also generated in the blasts are shockwaves which propagate at high rates from the detonation site and are capable of causing great destruction to surrounding structures and severe bodily harm to individuals in its proximity.

[bookmark: _Toc372747063]1.2.3: Shockwaves

Shockwaves are high speed, large-amplitude mechanical transients generated by violent impacts and explosions. They are caused by an extreme increase in pressure in a short amount of time which spreads out over a large area at high speeds [9, 10].  To be defined as a shockwave, the wave must be moving faster than the speed of sound, 340 m/s at sea level.  It has been estimated that shockwaves may reach speeds of at least 1,600 ft/s (490 m/s) from the detonation point [10].

A blast or explosion results when solids or liquids are rapidly converted into a gas.  In this state, the gas molecules become heated and highly pressurized.  The heated gas expands into the surrounding air at speeds higher than that at which sound travels, compressing the air and creating a peak of overpressure wave or shockwave radiating from the point of detonation.  Closely following the shockwave is a blast wind that also radiates from the point of detonation.  As the gas expands, the pressure drops and creates a vacuum or negative pressure wave.  The effects of the primary overpressure wave are nonlinear and very complex.  The damage produced by the overpressure wave typically decreases exponentially from the blast epicenter.  If the explosion is detonated within an enclosed space or if the blast waves travel inside an enclosed space, then the effects of the blast waves become additive nonlinearly as the waves reflect off walls, floors, and ceilings. The discontinuous waves cause abrupt changes in density and pressure which can reach the range of giga Pascals (GPa) [11]. A diagram of a typical shockwave action is shown in Figure 3.



[image: C:\Users\JFo\Pictures\shockwave.jpg]
[bookmark: _Toc372738109]Figure 3. Blast wave parameters. [12]


In ballistic impacts, the kinetic energy of the projectile is transferred to the material at impact.  Depending on the type of material impacted, some of the kinetic energy is dissipated through deformation and material failure at and near the impact zone.  The remaining energy is then transferred to the impacted object and dispersed throughout the impacted material, being reflected and amplified at edges and junction points in a manner similar to shockwaves generated by explosions.  Figure 4 depicts the dispersion of energy from the projectile over the material.
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[bookmark: _Toc372738110]Figure 4. Mechanism of ballistic protection and stress dispersion. [12]

[bookmark: _Toc372747064]1.3: Injuries

The primary and ultimate function of anti-ballistic protection materials is to prevent fatality of individuals.  While fatality may not occur if the armor is fully penetrated, the resulting types of injuries are not relevant to this application and will not be discussed here.  The type injury of concern occurs when the armor performs its primary function of stopping projectiles.  When the projectile is stopped however, a high strain wave or shockwave may still be spread to the underlying individual.  As stated previously, this type shockwave is similar to those generated by explosions and both are capable of inflicting serious and sometimes fatal injuries.  It is interesting to note that as advanced body armor and head protection gear have greatly reduced soldier fatalities from explosion and ballistic attacks, the problem of brain and internal organ injuries in the attack survivors has become more prevalent [14].  These blast and impact induced injuries which are typically not accompanied by visible, external bodily injuries have become a serious problem.

[bookmark: _Toc372747065]1.3.1.: Blunt Trauma

When a projectile strikes body armor, although it may not fully penetrate said armor, injury can still be caused by two distinct mechanisms: localized deformation behind the armor due to out-of-plane displacement of the armor into the body and also via the shockwave created due to the rapid deceleration and transfer of energy from the projectile to the armor which propagates through the body.  Injuries due to the localized deformation are classified as “behind armor blunt trauma” (BABT) and in some cases result in fatality.  In this situation, the armor distributes the impact energy over a large area causing global deformation to the chest.  Localized deformation of the body armor can cause “back-face signature” in the armor, potentially causing lacerations to the individual. (Figure 5) Although the vest is successful in stopping the projectile, it is not effectively dissipating enough energy to stop large deformation on the back face of the armor in the impact area.  The back-face signature of body armor is classified as the distance between the original plane of the back face of the armor and the point of maximum displacement of the projectile line of flight.  
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[bookmark: _Toc372738111]Figure 5. Back-face deformation. [6]
[bookmark: _Toc372747066]1.3.2: Traumatic Brain Injuries (TBI)

Traumatic Brain Injuries (TBI) resulting from impact and blast induced shockwaves are the most widely diagnosed injuries among the soldiers who returned from recent military conflicts.  It has been dubbed “the signature injury of the Iraq and Afghanistan wars” [2].  As modern armor has substantially reduced fatalities, the lower mortality rates have also revealed the high prevalence of TBI.  The increased use of IEDs has also led to more soldiers experiencing TBIs. 

Brain injuries can be divided into two separate groups: blast-induced traumatic brain injuries (bTBI) and impact-induced traumatic brain injuries (iTBI).  The mechanism by which a TBI occurs has been researched heavily in recent years due to lack of understanding of the injury.  Research has brought forth different possible traumas which could be occurring inside the head during and following exposure.  The most common explanation attributes the injury to the rapid compression of organs in the body due to the high pressure and high velocity shockwave [15].  Also, the sudden acceleration and deceleration forces often result in contusions of the frontal and temporal lobes which are located at the interface between soft tissues of the brain and the skull bones [16].  In addition, they often generate shear forces within different parts of the brain which displace at different rates, damaging brain white matter and the central nervous system (CNS).  

Blast waves can also impose a complicated series of mechanical and physical reactions involving local bending, fracturing of the skull and density changes to the intracranial contents inducing strains and stresses in the brain tissues.  This mechanism is known as coup-countercoup injury and is depicted in Figure 6 [18].  Coup contusions are produced by the impact of the brain at the loading location while counter-coup contusions follow from the bouncing of the brain against the inner posterior surface of the skull.  Some of the common symptoms of a mild TBI include headaches, fatigue, difficulty sleeping, and vision problems while symptoms of a moderate TBI include forgetfulness, speech problems, and decision-making issues [17].  Rehabilitation can include treatment at a trauma center where a course of action is specific to the patient and their situation.
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[bookmark: _Toc372738112]Figure 6. Pressure profiles in the air and in the brain during intracranial pressure wave penetration. Note that the intracranial pressure wave is faster than the incident shock wave in the air. [18]

[bookmark: _Toc372747067]1.4: Anti-Ballistic Protection Gear

The primary requirement of anti-ballistic protection gear is to limit penetration of the bullet, projectile, or fragment and prevent fatality.  The secondary function is to dissipate kinetic energy of the projectile so that only a small fraction of it is transmitted to the underlying body.  Modern armor systems are divided into two main categories: hard and soft body armor.  The hard armor consists of hard metal or ceramic plates and generally hard armor offers greater protection than soft armor but is much heavier.  Utilization of soft fabric armor in certain ballistic applications is increasingly preferred over conventional rigid hard armor systems because of its superior strength-to-weight ratio and flexibility which allows the wearer mobility and comfort.    


[bookmark: _Toc372747068]1.4.1 Personal Protection Gear

Bullet Resistant Vest

Since the emergence of the high performance aramids and ultra-high molecular weight polyethylene fibers in the 1960s, a significant improvement in comfort and ballistic efficiency has been observed [19].  These synthetic fibers possess high strength and moduli due to high degrees of polymer chain orientation in the fibers.  With the advent of these fibers, personal protection gear was able to be fashioned at weights and flexibility which was comfortable to the wearer and had minimal effect on mobility.  Today, bullet-resistant vests are quite literally a vital component of the uniform for many of the men and women serving our country, either in law enforcement or in the military, and have been directly attributed with saving thousands of lives.  The impact resistance of a soft armor depends on its capability to absorb energy locally at the impact zone and disperse energy rapidly out of the impact zone.  These characteristics are determined by a number of factors: fiber intrinsic properties, fabric structure characteristics (ie. woven pattern, nonwoven), number of layers, amount and type of binder if used, projectile shape, mass, and intrinsic material properties of the projectile, impact velocity, and interfacial friction characteristics within the impact zone [20, 21] .

The principal factor that dictates the design of body armors is the type(s) of threat(s) for which protection is required that is, ballistic, fragment, blast, stab, slash, chemical, fire, etc.  Armors optimized for protection against one threat type may not, however, be suitable for other threat types.  For example, textiles designed for ballistic protection require sufficient yarn mobility within the weave to avoid premature failures and typically these materials will not perform well for stab protection.  Textiles designed for stab resistance require dense weaves to prevent yarns from being pushed aside from the tip of sharp pointed objects such as knives, needles, awls, and ice picks.  Dense weaves that prevent punctures can lead to premature or punch-through failures in ballistic impacts.  Consequently, design parameters for optimizing both ballistic defense and stab defense often work against each other.  This is similar to the issues with resulting blunt trauma after ballistic impact regarding soft body armor preventing penetration to the underlying individual by stopping the high velocity projectile and dissipating the blast and shockwave energy.

Most vests are made from tightly woven Kevlar or Spectra fibers and are designed to withstand bullets fired from handguns and shotguns, as well as fragments from hand grenades and other explosive devices.  Metal and ceramic plates can be added to ballistic vests for additional protection, and to help shield soldiers from knife attacks and stabbings.  Most combat soldiers wear "hard plate vests" that have the additional plate protection.  As stated previously, many aspects of the vest and projectile are involved in the outcome of a ballistic impact.  Today, ballistic-resistant vests are fabricated to different levels of protection with a tradeoff between more protection and wear-ability or concealability.  The 3 most prevalent levels of antiballistic vests are:

    Level II-A: ~ 4 mm thick
    Level II: ~5 mm thick
    Level III-A: ~ 8 - 9 mm thick

 The vests may consist of 8 to 24 layers of woven high performance fiber plies which are sandwiched together with heat and pressure [22].  The fibers can be woven together into a number of configurations, some of which are illustrated in Figure 7, to provide varying degrees of performance and flexibility.  Fiber structures for armor applications have traditionally been in unidirectional, plain, or basket weave configurations.  Unidirectional fiber layers may be rotated 90° with respect to adjacent layers to create a cross-ply fabric. Additional woven structures have been studied for armor applications, such as 3D structures to enhance the multi-hit capability of the materials.
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[bookmark: _Toc372738113]Figure 7. Woven fiber structures [22].

Figure 8 shows the Interceptor Ballistic Armor (IBA) vest currently worn by US military troops.  Depending on the size and additional add on, it can weigh from 8 to 33 pounds [22].  The IBA is a modular system that consists of an outer vest, ballistic plates, and attachments that increase the area of coverage.  It increases survivability by stopping or slowing bullets and fragments and by reducing the severity of wounds. 



[image: C:\Users\JFo\Pictures\vest.jpg]
[bookmark: _Toc372738114]Figure 8.  Different camouflaged Interceptor vests. [23]
Military Helmets

Helmets have been used for head protection for centuries and are routinely updated as better technology and ballistic protection are achieved.  In the early 1960s, the US Army embarked on a program to replace the M1 steel helmet design with a single-walled, lighter, and more protective configuration.  After considerable research and development efforts, the improved Personnel Armor System for Ground Troops (PASGT) combat helmet made using Kevlar fibers and phenolic resin replaced the steel M1 helmet. Composite materials have been found to offer increased protective performance for a given mass when compared with steel, thus all of today’s combat helmets are composed of aramid or polyethylene based composites.  Since the PASGT helmet, the Advanced Combat Helmet (ACH) has been produced to reduce weight and increase anti-ballistic performance and comfort (Figure 9) [24].  To add additional energy dissipation qualities and comfort to the helmets, various padding systems have been developed.  The ACH utilizes a 9 pad system which is shown in Figure 10.  These pads are made of polyurethane foams with size and dimension specifications for optimal performance.  These foams have helped somewhat helped alleviate the TBI problem but not to sufficient degrees.  
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[bookmark: _Toc372738115]Figure 9. Military helmets. [24]
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[bookmark: _Toc372738116]Figure 10. ACH and its parts.[24]


[bookmark: _Toc372747069]1.5: Proposed Addition to Existing Personal Protection Gear 

As noted previously, while current anti-ballistic personal armor is generally effective at preventing projectile penetration to the underlying individual, they are not sufficient at absorbing the remaining kinetic energy of the impact or shockwaves generated by explosions. This research will attempt to address these armor shortcomings by developing flexible shockwave absorbing protective panels from nanoparticle reinforced elastomeric fibrous sandwich composites of light weight which can be used as a liner in conjunction with current antiballistic materials to minimize shockwave induced trauma soldier’s experience.  This addition to existing armor will be of minimal weight and may even allow for reduction of primary anti-ballistic layers. 

[bookmark: _Toc372747070]CHAPTER 2: LITERATURE REVIEW

[bookmark: _Toc372747071]2.1:  Thermoplastic Elastomers (TPEs)

Thermoplastic elastomers (TPEs) are a class of polymers which have the elastic behavior of thermoset elastomers and the processability of thermoplastics.  The development of thermoplastic materials having elastic properties started in the early 1930s at BF Goodrich with the invention of plasticization of PVC [25].   In 1937, scientists at DuPont made a major breakthrough with the discovery of basic diisocyanate polyaddition reactions which was applied to urethane polymers.  After much research, the first thermoplastic elastomer was commercialized by DuPont as thermoplastic polyurethane (TPU) in 1958 [25].  Since then, a few other thermoplastic elastomers have been commercialized to bridge the cost/performance shares of the elastomer market (Figure 11) [26].  The TPEs listed in Table 1 are the six primary TPEs which are relevant in today’s market.  These six TPEs fall into one of two classes, multi block copolymers and polymer blends.  The olefin elastomers are part of the blend class while the remaining TPEs are multi block copolymers.  
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[bookmark: _Toc372738117]Figure 11.  Cost and performance of TPEs. [26]

[bookmark: _Toc372738094]Table 1. Commercialization of thermoplastic elastomers.
	TPE
	Year
	Manufacturer

	Thermoplastic Polyurethane (TPU)
	1958
	DuPont

	Styrene Block Copolymers (SBC)
	1965
	Shell

	Copolyesters (COPE)
	1972
	DuPont

	Olefin Blends (TPO)
	1976
	Uniroyal

	Olefin Vulcanates (TPV)
	1981
	Monsanto

	Copolyamides (COPA)
	1982
	Dow




Since the commercialization of the first thermoplastic elastomers, the growth of TPEs has been truly phenomenal with an annual growth rate of 8 to 9% per year between 1970 (100,000 metric tons) and 1990 (650,000 MT) [26].  TPEs have mostly found their use in replacement of thermoset rubber compounds in existing parts, but have also found new applications in the medical, housewares, and fiber industry among others.  While the class of thermosets is made of a broader chemical composition, the major distinguishing difference in thermoset elastomers and thermoplastic elastomers is the type of crosslinking between polymer chains.  Thermosets are typically molded followed by chemical crosslinking through vulcanization with sulfur or curing with peroxide crosslinking agents.  These crosslinks are irreversible and the final product is unmeltable. Some examples of thermoset elastomers include: latex, silicone, and neoprene (natural rubber).  The vulcanized chemical structure of neoprene is shown in Figure 12a.  Thermoplastics are physically crosslinked by crystallization between short segments of adjacent polymer chains and reversible hydrogen bonding (Figure 12b) [27].  These crosslinks may be broken under strain or heat but reform once the source of deformation is removed [27].  The ability to be melted multiple times is a major advantage for TPEs as they may be recycled.  
[image: ]
[bookmark: _Toc372738118]Figure 12. a.) Vulcanized Neoprene. [28]  b.) physical crosslinking by crystallization. 


[bookmark: _Toc372747072]2.1.1: Structure and Morphology of TPEs

Thermoplastic elastomers are generally composed of incompatible components where their free energy of mixing (ΔGmixing) is ≥ 0 [25].  Upon cooling, these incompatible components undergo phase separation to reach a more favorable entropic state (Figure 13).  This phase separation is what allows the polymers to act as elastomers.  The more incompatible the components, the better the phase separation will be and the greater the elastic properties [27].  Virtually all TPEs consist of at least two polymeric phases, a dispersed hard thermoplastic phase and a continuous soft elastomeric phase.  The properties of the resulting TPE will be derived from the properties of each of the two phases and their mutual interaction.  In multiblock copolymers, the hard and soft phases alternate along the chain (Figure 14).  The olefinic blends have random arrangement of the hard segments along the chain but still consist of two separated phases.  

[image: ]
[bookmark: _Toc372738119]Figure 13. Morphology of TPEs. [30], [52]
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[bookmark: _Toc372738120]Figure 14. Block copolymer TPE alternating segments. [27]

Mechanical properties are controlled by the hard/soft segment ratio [28, 29].  The soft segments are typically composed of low Tg polyethers, polyesters, or glycols.  They form the continuous amorphous phase and control the elasticity, hydrolytic stability, chemical stability and other low temperature properties [29].  The polyether types are slightly more expensive and have better hydrolytic stability and low temperature flexibility than polyester types.  Mechanical strength properties of the polyester types are generally higher however due to the higher degree of hydrogen bonding which leads to greater phase mixing and stronger interchain bonding [29].  As the hard segment content is decreased and the soft segment is increased, the strength decreases and elongation increase.  These composition alterations allow producers to provide TPEs to cover a broad range of properties.  
The hard blocks account for the mechanical stability of the material.  They give rise to reversible crosslinks which are embedded in the low glass transition temperature amorphous phase.  Above the melting temperature of these hard domains, a viscous polymer melt is obtained which can be processed easily on conventional thermoplastic equipment.  The hard blocks are generally based on polyester, polyamide, or polyurethane segments.  At ambient temperatures, the hard blocks are incompatible with the soft blocks.  This induces microphase separation by crystallization upon cooling from the melt.  The ordered arrays are formed by the crystallized hard blocks (Figure 12b and 13).  Hard blocks that are not crystallized are dissolved in the amorphous soft phase, and this incomplete phase separation leads to an increase of the glass transition temperature of the soft phase, which is undesired for the low temperature flexibility and elasticity of the material therefore the need for high incompatibility of the segments [29].
Upon static deformation of these materials, the hard blocks remain crystalline and do not deform.  However, the soft elastic domain is easily deformed with the hard segments acting as tie points that function both as physical crosslinks and reinforcing fillers.  The recovery of TPEs is good as long as the domains are not strained to greatly and the temperatures are well below the crystallization temperature.  Irreversible changes in their morphologies may occur above a certain point as the hard blocks are disrupted and reorganize, resulting in energy dissipation but incomplete recovery to their initial dimensions.

[bookmark: _Toc372747073]2.2: Thermoplastic Polyurethane (TPU) 

A TPU is prepared from three types of chemicals: a diisocyanate, a macroglycol (polyol), and a short chain extender to form a multiple hard/soft block structure [30].  The diisocyanate can be aromatic or aliphatic.  Diphenylmethane diisocyanate (MDI), toluene diisocyanate (TDI), and naphthalene diisocyanate (NDI) are common aromatic monomers utilized in commercial fiber resins.  Their structures are shown in Figure 15.  
[image: C:\Users\JFo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\diisocyanates.png]
[bookmark: _Toc372738121]Figure 15.  Commonly used aromatic diisocyanates. [30]


The diisocyanate and short chain extender form urethane linkages and are the basis of the hard segments (HS).  The urethane linkages in the hard blocks are capable of a high degree of inter and intramolecular hydrogen bonding.  Such bonding increases the crystallinity of the hard phase and can influence the mechanical properties.  
The chain extenders play a very important role. Without a chain extender, a TPU formed by directly reacting diisocyanate and a polyol generally has very poor physical properties and often does not exhibit microphase separation.  The introduction of a chain extender increases the HS length to allow HS segregation, which results in good mechanical properties, such as an increase in the modulus and an increase in the HS glass transition temperature of the polymer [30].  TPU chain extenders can be categorized into two classes: aromatic diols and diamines and the corresponding aliphatic diols and diamines. In general TPUs chain extended with an aliphatic diol produce a softer material than do their aromatic chain extended counterparts [30].  The chain extender structure strongly influences the TPUs mechanical performance.  By modifying the ratio between the polyol and chain extender, TPUs may result in a change from a hard, brittle material to a rubbery elastomer, as a result of the variation of the HS concentration (defined as the ratio of the mass of the non-polyol components to the total mass of the polymer) [30].  Some common diol chain extenders include: ethylene glycol (EG), diethylene glycol (DEG), butanediol (BD or BDO), hexane diol (HG), octanediol (D) and aromatic diols such as teiazine diol.  Examples of diamine chain extenders include: diamino-dibenzyl (DAB), diamine-pyridine (DAPy), and methylene diamine (MDA).  
The long chain macrodiols used for the soft segment (SS) typically have a molecular weight between 600 and 6000 and can be divided into polyester and polyether diols [29].  Some examples are shown in Figure 16.  With higher molecular weight, the degree of phase separation of the two phases increases.  These long chain diols form the continuous amorphous phase.  


[image: C:\Users\JFo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\soft segments.png]
[bookmark: _Toc372738122]Figure 16.  Commonly used macrodiols for TPU soft segments.


The ether (C-O) bond in the polyether soft segment (SS) and ester (CO-O) bond in the polyester are capable of hydrogen bonding with the urethane linkages (NH-CO) in the hard domain, influencing the degree of phase segregation.  There is also hydrogen bonding within the hard segment urethane groups.  Figure 17 shows the hydrogen bonding interactions found in thermoplastic polyurethanes.  The polyesters are generally stronger hydrogen bond acceptors than polyethers as they generally have no unreactive end groups which contribute the higher strength of polyester based TPUs [30].  The increased polarity of the ester carbonyl group also leads to stronger hydrogen bonding between the hard and soft segments.  Therefore, polyester based TPUs typically have enhanced phase mixing due to the increased number of ester groups capable of forming hydrogen bonding with the urethane groups of the hard segments while polyether based TPUs have higher phase  separation.  
The phase mixing of polyester based TPUs leads to a higher temperature dependence of the TPU properties including more hysteresis or stress softening [29].  The higher degree of hydrogen bonding leads to higher strength and modulus, better chemical resistance to solvents and high temperatures but leaves them susceptible to hydrolytic chain scission.  In contrast, polyether based TPUs typically have good hydrolysis resistance and flexibility.  The polyether based TPUs usually have a lower glass transition temperature than polyester based TPU with equivalent SS molecular weight due the better phase separation and less phase mixing.  

[image: C:\Users\JFo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\hydrogen bonding.png]
[bookmark: _Toc372738123]Figure 17.  Hydrogen bonding in TPU. [30]


TPUs are melt processed into single fibers, yarns, spunbond, and melt blown into nonwovens.  Very little literature of TPU fibers can be found as most research and development has been done in industry.  A few articles concerning melt blowing and crystallization kinetics of TPU have been published [76-79].  Numerous patents have been filed covering a broad range of chemical compositions.  Newer research is directed at shape memory TPUs which are heat activated.  These shape memory TPUs offer advantages over the traditional shape memory alloys as well as new applications which are designed to take advantage of their behavior [31].
There are numerous manufactures of TPU fiber-grade resins and fibers.  A few of the notable supplier and product names in the US are BASF (Ellastolan), Bayer (Texin), and Lubrizol (Estane and Pelletane).  An MDI hard segment and polyester based SS TPU from Lubrizol is shown in Figure 18.  TPU fibers are the most used out of the four TPEs used in fiber spinning and elastic fiber applications.  It is a common belief that the traditional Lycra or Spandex fibers are thermoplastic elastomers and melt processed, however the majority on the market are dry spun while others are wet spun.  These polymers are polyurethane-urea based and degrade at temperatures below the urethane/urea linkages melt.  This along with extensive hydrogen bonding prevents most from being melt processed.  
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[bookmark: _Toc372738124]Figure 18.  Estane, a polyester based TPU from Lubrizol.



[bookmark: _Toc372747074]2.2.1: Shore Hardness

TPUs are commonly rated by shore hardness. Shore hardness is a measure of the resistance of a material to penetration of a spring loaded needle-like indenter.  Shore A scale is used for testing soft elastomers and other soft polymers.  Hardness of hard elastomers and most other polymer materials is measured by Shore D scale.  A conversion scale for the two is shown in Table 2.  Shore hardness may be used to relate a hard/soft segment ratios and mechanical properties. 

	 
[bookmark: _Toc372738095]Table 2. Shore hardness conversion table.
	Shore A
	45
	50
	55
	60
	65
	70
	75
	80
	85
	90
	95
	100

	Shore D
	10
	12
	14
	16
	19
	22
	25
	29
	33
	39
	46
	58


  		


[bookmark: _Toc372747075]2.2.2: TPU Fibers

Fibers extend and contract by conformational change from compact random coils to extended chains as shown in Figure 19.  Conventional fibers like polyethylene terephthalate, nylon, acrylic, polypropylene etc., which have the stress strain curves as shown in Fig. 20 exhibit strain up to 50% depending upon the fiber type and show  little recoverable extension which is sufficient for the traditional apparel end uses.  
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[bookmark: _Toc372738125]Figure 19. Polymer chain alignment extension under tension.
[image: ]
[bookmark: _Toc372738126]Figure 20. Typical tensile curves of thermoplastic fibers. [32]  


The amount of stretchability desired in the products like sportswear, leisurewear, stockings, tights, socks, underwear, elastic bands in clothes, and personal care products like baby diapers, incontinence products, and medical bandages is far higher than these levels achieved by the conventional fibers [33].  TPUs have the potential to exhibit the required level of extensions as shown in Figure 21.  Note the elongation ranges from ~ 300 to 750%.  This graph also shows the effect of changing the hard/soft segment ratio.  The fiber of 75D shore hardness has a tensile strength of ~ 10,500 psi with ~ 300% elongation.  As the ratio of hard to soft segments decreases (75D to 80A), the strength decreases and the elongation increases.  All of the TPEs show this trend with hard/soft segment ratio chemistry changes.
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[bookmark: _Toc372738127]Figure 21.  Tensile curves of TPU fibers. [33]


[bookmark: _Toc372747076]2.3: Energy Dissipation Mechanisms of Elastomers

Research in elastomer energy absorption and dissipation has increased in recent years due to the increased number of soldiers suffering from TBI and blunt trauma.  The high cost for the development of a new high performance fiber which may at least maintain current antiballistic properties while improving upon the residual energy dissipation also led to investigation of existing materials in which little research had been performed for mechanical properties at high strain rates.  It is well known that thermoplastic polymers and especially elastomer mechanical properties are strain rate dependent.  In particular, phase separated copolymers have displayed outstanding energy dissipation capabilities and researchers have suggested this could be a result of the phase separated structure [34].  Even with the abundant research devoted to elastomers, the nonlinear viscoelastic mechanisms and dynamics in polymers during and immediately following ballistic or blast events remain obscure.  A major problem in investigation of polymer behavior at high strain rates is the lack of methods and instruments which can be utilized to study the phenomena exhibited on those time scales as well as difficulty relating to easily attainable small strain, linear viscoelastic measurements in DMA to large strain, highly nonlinear behaviors encountered at impact. Polymers exhibit strong rate-dependent mechanical behavior and in a high frequency regime, the rate sensitivity of polymers changes as various primary and secondary molecular mobility mechanisms are accessed.  

Early research focused on qualitative correlation between the mechanical dampening peaks and impact toughness of polymers.  Heijboer et al [35] and Boyer et al [36] observed that if a polymer possesses subambient relaxations (γ and α) which originate from side chain and main chain motions, the polymer would exhibit good impact toughness at room temperature.  The α transition also known as the glass transition is a second order transition during which the first order Gibbs free energy terms, (volume, enthalpy, entropy) remain constant while second order derivatives such as specific heat and coefficient of thermal expansion undergo change [54].  Though the glass transition is generally reported as a single temperature, it occurs over a range of temperatures.  For ease in quantifying, Tg is generally taken to be the temperature at which half of the transition is complete.  During this transition when the temperature is increasing, the polymer behavior changes from glassy to rubbery over the Tg range, and the opposite occurs on cooling through Tg.  Tg can be monitored during calorimetric experiments or under dynamic mechanical loading in the linear region of the polymers viscoelastic properties over the appropriate temperature range.  It should be noted that the two methods will give different results with the DMA Tg value typically being greater.

Vincent et al [37] disputed this relationship of dampening peak (γ transition) and impact toughness proposed by Heijboer and Boyer, citing a large number of polymers in which only about 60% of the cases could be accounted for by the loss peak toughness relationship.  Never the less, many other researchers have been able to make correlations between polymer viscoelastic properties in the linear regime with nonlinear behavior at strain rates and time scales associated with blast impacts and shockwave energy.  

Of the multitude of elastomers available in the market, much research has been devoted to polyurea as a coating or laminate on hard armor and structures for blast resistance and reduction of fragmentation.  This polymer is very similar to polyurethane with only nitrogen in place of the oxygen in urethane (Figure 22) while maintaining the hard/soft separated phase morphology.  Reflecting the performance advantages of the polymer and the desire to further its application, there has been a large amount of experimental research aimed at a better understanding of the structure, molecular dynamics, static and dynamic mechanical properties, blast and impact resistance, constitutive modeling, and sophisticated multi-scale modeling [38-56].
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[bookmark: _Toc372738128]Figure 22.  Urea and urethane chemical structures.


Rowland et al [38-43] has done extensive research into polyurea and various other elastomers to a lesser extent under high strain rate deformation.  He found that not only is the polymer behavior dependent on the rate of deformation but also on the temperature and pressure increases caused by ballistic impacts and shockwaves.  Particularly, if the loading or impact imposes a strain rate sufficiently high that the material response extends to frequencies beyond the rubbery plateau regime of the viscoelastic spectrum, large scale rearrangements of the polymer chains over a significant length are precluded [40].  Under these conditions, the elastomers rubbery like behavior becomes more leather like as it transitions into the glassy state and displays large energy dissipation [52].  An important aspect of this phenomenon is the relaxation time (τ) of the segmental dynamics of the polymer in comparison to the strain rate during loading.  For ballistic impacts and shockwave infringement, the strain rate may be as high as 105 s-1 or more.  If the polymer chain relaxation time is similar, the deformation will involve the polymer segmental dynamics and relaxations by transferring to the glassy state.  However, if the deformation rate is too low (low frequency) compared to the chain relaxation time (t >> τ), the material will respond in a rubber like fashion due to large scale mobility of the chain segments.  If the deformation rate is very high (high frequency), the material will behave like a glass as the chain motions will be frozen out (t << τ) leaving the material with little energy dissipation ability. To analyze this, Rowland investigated two materials with different Tg and relaxation times, polyurea and polybutadiene.  The polyurea had the higher Tg and shorter relaxation time of the two.  Under the same high strain rate testing conditions, he found the polyurea to undergo phase transition from rubbery to glass while the polybutadiene remain in the rubbery state.  The polyurea was able to absorb over two orders of magnitude more energy than the polybutadiene due to the phase transition during impact.  To exploit this effect, Rowland proposed that the polymer must have a relatively high Tg being close to the operating temperature.  Also since the glass transition is rate dependent, the polymer Tg should be 5 to 20 degrees lower than the service temperature with a broad transition to further maximize the deformation-induced glass transition energy absorption phase change.
	
Other possible energy dampening mechanisms of polyurea or polyurethane could involve the breakage of H-bonding between chains, the high frequency resonance of the hard segments, the viscous dissipation of the soft matrix, and the nano and micro-scale interactions with the separated phases.  
	 
[bookmark: _Toc372747077]2.4: Melt Blowing Process

The melt blowing process concept was developed by Wente in the 1950s at the Naval Research Laboratory and later further developed and commercialized by Exxon Chemical Company in the early 1970s  [57,58].  Since then it has become one of the major nonwoven processing methods utilized commercially due to its high quality webs and fast production rate.  Melt blowing may best be described as a process in which thermoplastic polymer granules are fed into a heated extruder where they are melted and mixed and then pumped into the die.  The molten polymer is then extruded through the die orifices into converging hot air streams that rapidly attenuate the fibers while transporting them to the collector [57].  When the fiber exits the die, it immediately begins cooling and usually completes quenching while on the collection belt, forming a self-bonded nonwoven web.  The average fiber diameter of melt blown nonwoven microfiber webs typically average from 1 – 10 um depending on the polymer viscosity and processing conditions.  Conventional fiber spinning methods and spunbonding typically produce textiles with average diameters between 12 and 50 um [58].   The small fiber diameters of melt blown nonwoven webs give them excellent filtration qualities and consequently filtration applications present a great demand for nonwoven webs.  Other applications that utilize nonwoven materials include: hygiene products (i.e. wipes), wound dressings, tissue scaffolding, oil absorbents, thermal insulators, battery separators, and various apparel garments [58, 59].  

A typical melt blowing line (Figure 23a) consists of a hopper, extruder, metering pump, a multi-hole die assembly, an air compressor, air heaters, a collection belt equipped with a suction system, and a winding apparatus.  Consequently there are numerous parameters which have an effect on the final properties of the melt blown nonwoven web.  Starting from the beginning of the process, the extruder speed and temperature zones, the metering pump speed and temperatures, the die design and orifice diameter, die temperatures, air temperature and flow rate, the die-to-collector distance (DCD), and collection speed all play a role in the final web quality and properties.  Some melt blowing lines may also use a secondary quenching air system to solidify the fibers at a faster rate.  Many of the web characteristics can be manipulated by altering multiple process parameters.  For instance, the average fiber diameter mainly depends on the die orifice size, throughput rate, melt viscosity and die temperature however, air temperature and velocity can also have a significant effect for some polymers while DCD can have a small effect under select processing conditions.  The web basis weight (g/m2 or gsm) depends on the throughput rate, die orifice density and collection speed.  Other properties such as strength and elongation, pore size, and permeability are largely influenced by the temperature of the fiber exiting the die, air temperature, air velocity, and DCD.  
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[bookmark: _Toc372738129]Figure 23. a) Schematic of horizontal melt blowing line.  b)  Exxon style melt blowing die.

The die assembly is the most important part of the melt blowing line and must be precisely engineered for production of acceptable quality webs.  It consists of three components: the polymer distribution, die faceplate/nose, and air flow manifolds [60].  The polymer distribution may utilize a conventional T or straight manifold, fishtail, or coat hanger geometries.  Most commercial systems utilize the coat hanger type which is also used in this study. (Figure 24)  It is designed to yield a uniform polymer flow and temperature distributions at the die exit without excessively increasing the pressure drop in the die.
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[bookmark: _Toc372738130]Figure 24. UTNRL 15.4 cm (6 in) melt blowing line coathanger.


The die nose piece geometry has a great influence on the uniformity of the web.  The prevalent geometries in melt blowing are: slot dies (Exxon style shown in Figure 23b), Hills, AGR/NTI, and annular capillary (Biax) [61].  The melt blowing dies typically contain several hundred orifices in single or several rows and must be precisely engineered to very tight tolerances.  Hole diameters may range from 0.3 mm or larger for microfibers to 0.03 mm for nanofiber production.  The angle and the gap or air distance the die nosepiece (see Figure 23b) makes with the air manifold also influence web uniformity and fiber attenuation.  

Little research has been published concerning the melt blowing process and the properties of the nonwoven webs produced at different parameters.  This is likely due to the high startup cost for pilot scale melt blowing lines to be used in academics as industry doesn’t typically publish.  Many researchers have adapted by building small single and multi-hole orifice melt blowing equipment to investigate aspects of the process and formulate mathematical models.  Shambaugh and coauthors [62-68] have modeled many aspects of melt blowing concerning die geometries, air flow fields, and air temperature profiles and their influences on fiber diameter and distributions.  Sun  [69] and Xin [70] modeled melt blown fiber formation and whipping motion while Tan and Zhau [71,72] modeled viscoelasticity effects.  

Provided the molecular weight is not too high, any thermoplastic polymer can be melt blown though very few species have been reported on.  PP is by far the most used in commercial operations.  Lee and Wadsworth [73,74] investigated the effect of different processing conditions on 700 MFR PP webs produced on a 20 in. melt blown line equipped with an Exxon style die (401 holes of 0.4 mm diameter) at a throughput rate of 0.4 g/hole/min.  They found little change in average fiber diameter with changes in DCD.  However they did see significant diameter decreases with decreasing die temperature and increasing air velocity.  They also found air permeability and pore size to increase with increasing DCD while both decreased with increasing die temperature and air velocity.  They proposed these changes were due to the average fiber diameter and the degree of fiber entanglement and bundling in the web at the respective die temperature and air flow rates.  From examination of SEM images, they determined the degree of entanglement to decrease with decreasing DCD and increasing die temperature and air velocity.  They also studied strength properties of the webs in the machine (production) and cross (transverse) directions.  Overall they found strength to decrease with increasing DCD while elongation increased.  Machine direction (MD) strength was greater than CD strength at low DCDs and became similar as DCD increased due to decreasing fiber orientation in the web at higher DCDs.  Web strength was also found to increase with increasing die temperature and air velocity.  Bresee [58,75] studied effects of DCD on fiber entanglement, fiber orientation, and pore structure of 1259 and 400 MFR PP.  All of his findings were similar to Lee [73,74] except he found fiber diameter and entanglement to increase with increasing DCD.

Lee and Wadsworth [76] also investigated microfiber nonwoven polyether based TPU webs of shore hardness 79A and 80A respectively.  The webs were processed on UTNRL’s 20 in line equipped with an Exxon style die of 30 holes/in at a diameter of 0.368 mm.  They found melt blowing TPUs to be much more complicated than processing PP due to much narrower range of processing conditions which produce high quality webs.  They found average fiber diameter to increase with increasing DCD when die temperature and air flow rate remain constant.  This is fundamentally different than the trends PP webs show under similar circumstances [73,74].  They also found average fiber diameter decreased by approximately 8 um with increase from ~ 123 scfm to ~150 scfm air flow rate for the polymer with 79A shore hardness.  Fiber orientation in the web was also found to increase in the machine direction with increasing DCD.  Again, this is the opposite of what they found with PP [74].  They observed that the fiber entanglement increased with increasing DCD.  

Zapletalova [77] investigated melt blown polyether based TPU melt blown webs of 80A, 90A, and 98A shore hardness respectively. The webs were processed at North Carolina State Research Center (NCRC) though die characteristics were not discussed, the polymer flow rate was maintained at 0.5 g/hole/min.  Webs were collected under the same air flow rate at different DCDs.  They found all webs produced, no matter shore hardness, had an average fiber diameter of ~ 5 microns with similar distributions.  The polymer intrinsic viscosities decreased 75 to 80% after processing.  Web breaking strength and break elongation decreased with increasing DCD.  The effect of decreasing polymer shore hardness was found to decrease breaking strength and increase breaking elongation.

Bergenir [78,79] investigated polyether and polyester TPUs and PEBA of various shore hardness’s.  The webs were processed at NCRC using a slot die with 535 holes having 0.381 diameter.  TPU webs were processed at 0.5 g/hole/min while PEBA at 0.24 g/hole/min.  They investigated the crystallization rate, finding it to be dependent on the relative concentration of the hard and soft segments under similar cooling conditions and increasing with polymer hardness.  The PEBA webs showed decreasing web strength and elongation with increasing hardness while the TPU webs showed increases with increasing hardness.  The strength of the two softer PEBA webs remained almost constant with increasing DCD while the highest shore hardness web showed significant decrease and elongation.  The TPU webs breaking strength and elongation decreased over the entire DCD range investigated.  

PLA melt blown webs were investigated by Gazzola [80] for use in tissue scaffolds.  Nano and microfiber webs were processed on UTNRL’s six inch research line. An in depth study was conducted involving web crystallization, strength and pore size for different processing conditions. Liu [81] studied the filtration performance of PLA melt blown webs.  Interestingly, they found average fiber diameter to increase with increasing die temperature and air gap width.  Chen [82] processed PBT webs and formulated a model to predict average fiber diameter.

In this research, we will investigate properties of melt blown nonwoven aromatic hard segment based and polyether and polyester soft segment based TPU’s of different shore hardness collected at multiple air flow rates and DCDs.  One web will be used for reinforcement with nanoparticles.











[bookmark: _Toc372747078]CHAPTER 3: OBJECTIVES AND METHODS	
[bookmark: _Toc372747079]3.1:   Introduction

The primary function of a bullet resistant vest is to stop the projectile therefore the materials utilized in the vest construction are chosen based on their ability to contribute to that function.  While the current high performance fibers have high strength and moduli, they are brittle and have poor viscoelastic properties.  These fibers are highly efficient at preventing penetration.  Conversely, they are not as efficient in absorbing and dissipating the remaining kinetic energy after the projectile has been stopped or from shockwaves generated by explosive blasts. 
As discussed previously, polyurea and polyurethane elastomers have displayed outstanding energy dissipation capabilities [34, 38–56].  Polyurethane foams have long been utilized as damping materials for the auto industry and are also incorporated into the ACH combat helmet shown in Figure 10 [83 – 88].  Other forms of polyurethane such as injection molded parts, fibers, and films have also shown excellent damping ability [89-93].  
Composite materials are designed to achieve unique mechanical properties and superior performance characteristics, not possible with traditional materials.  The need for high strength, high stiffness and lightweight materials for structural applications has increased the use of composites in high performance applications like aircraft, land-based vehicles and armor.  Many researches have shown that addition of nanoparticles and nanofillers can greatly increase the inherent damping ability of polyurethane materials.  Hwang [94], Mackintosh [95], Xia [96], Tzong [97], and Chen [98] have all shown polyurethane strength and damping ability can be improved with addition of carbon nanotubes.  Other nanoparticles such as graphene, cellulose nanocrystals, and silica have also been shown to improve damping in polyurethane [99-101]. 
Multi-layered sandwich composites may be engineered to absorb and dissipate shock energy by using elastic materials such as TPU nanocomposites which exhibit damping properties.  In addition, fibrous composites composed of nonwoven webs have an ability to disperse the shock energy over a large area due to their high degree of fiber-to-fiber contacts and their small fiber diameter.  The web structure can also be tuned to capture and hold high modulus reinforcing nanoparticles which increase the composite strength and provide additional surface area for shockwave interaction.  A layered nonwoven composite system fabricated with high pressure at low temperatures can yield densified nanoparticle reinforced fibrous structure engineered for maximum energy dissipation at high frequencies or time.
This research is aimed at designing and fabricating elastic sandwich nanocomposites to use as a layer behind the current anti-ballistic armor to minimize the transfer of energy to the underlying individual.  The approach has been to reinforce thermoplastic polyurethane nonwoven webs with nanoparticles consisting of nanoclay, graphite, C60, POSS, and tungsten disulfide multi-walled nanotubes (INT).  Whereas TPU polymers have high-energy absorption, this can be enhanced by reinforcing with nanoparticles that have high modulus and energy absorption capability.
To exploit these characteristics, studies are performed by physically dispersing nanoparticles into preformed TPU microfiber melt blown nonwoven webs and melt blowing webs with compounded TPU/nanoparticle blends.  The webs are then fabricated into sandwich composites by compression molding.  Methods will be utilized such that these nanofiller infiltrated fabrics will have a fairly uniform distribution and dispersion of nanoparticles in the matrix.  These sandwich nanocomposites are designed to exploit the energy dissipation capabilities of the raw materials and the composite design.  Some possible energy dissipation mechanisms consist of: strain induced phase transition, high frequency of the hard segments, viscous dissipation of the soft matrix, interaction with nanoparticles, nanoparticle mechanical properties, strain dispersion of the nonwoven fibers, friction at the nanoparticle/polymer interface, and the sandwich layer interfaces and delamination processes.

[bookmark: _Toc372747080]3.1.1: Objectives	

Project Objective: The overall project objective is to develop potential shockwave absorbing protective panels which can be used as a liner in conjunction with current antiballistic materials to minimize shockwave induced trauma soldiers experience from ballistic impacts and/or blast exposure.

Research Objectives:
1. Understand the influence of Melt Blowing behavior and property development of TPU nonwoven microfiber webs and optimize process parameters.  This includes investigation of the:
a. Influence of Ether and Ester based resins
b. Influence of shore hardness
c. Influence of die-to-collector distance (DCD)
d. Influence of Air Pressure
2. Develop Processes for Dip and Spray Coating and optimize those processes to investigate different nanoparticle add on wt%
3. Melt Blow compounded TPU/Nanoparticle blends to understand process behavior and characteristics of nanoparticle loaded TPU nonwoven webs
4. Identify the nanoparticle and method of introducing nanoparticles to the TPU nonwoven web which should be investigated for high strain rate performance.  




[bookmark: _Toc372747081]3.1.2: Approach

Ether and ester based soft segment thermoplastic polyurethane of various shore hardness are melt blown into microfiber webs with one being chosen for the reinforcing procedures.   The chosen web is reinforced with nanoparticles by dip and spray coating methods.  The selected TPU is also compounded with C60 fullerene and melt blown into nonwoven TPU/C60 webs.  The reinforced webs from the 3 strategies are then fabricated into multi-ply sandwich composites.  A flow chart for the process is shown in Figure 25.
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[bookmark: _Toc372738131]Figure 25. Schematic for melt blown nonwovens and nanofiller incorporation by dip coating and ultra-sonic spraying. 
[bookmark: _Toc372747082]3.2:  Materials

[bookmark: _Toc372747083]3.2.1: Lubrizol Estane TPU 

Estane 58315, 58219, 58271, 58277 and Estane ETE 55DT3 and 60DS3 TPU elastomers provided by Lubrizol, Inc. were used in processing melt blown nonwoven webs.  All of the TPUs have aromatic based hard segments.  The 58000 series consists of 2 polyether-based soft segment TPUs and 2 polyester-based soft segment TPUs with matching shore hardness of 85A and 92A.  The ETE (Easy to Extrude) TPUs consist of a polyether-based soft segment TPU with shore hardness of 55D and a polyester-based soft segment based TPU of shore hardness 60D.  Within this study, ether and ester series will be denoted as Txxh and Sxxh, respectively, where T and S represent ether and ester based soft segments while the xx represents the shore hardness and h represents the shore hardness scale letter.  
Estane 58215, an aromatic based hard segment and polyether-based soft segment TPU of 90A shore hardness was used for reinforcing with nanoparticles. It was chosen after analysis of the results for the melt blown webs of the TPUs detailed previously.

[bookmark: _Toc372747084]3.2.2: Nanofillers

Nanoclay
The most common type of nanoclay used for reinforcement is montmorillonite (MMT) as it is readily available in large quantities at low cost, and its chemistry is well understood. Montmorillonites belong to the family of 2:1 smectic minerals whose layers are composed of two tetrahedral sheets linked to an octahedral sheet [102].  Stacking of the layers occurs through weak van der Waals forces and can be broken up by intercalation into individual sheets having a high aspect ratio of around 1000 that can be subsequently dispersed in the polymer matrix for reinforcement.  The d(001) spacing of montmorillonite, comprising the platelets separated by an interlayer called the gallery, can vary over a wide range from a minimum distance of 0.95 nm which corresponding to the fully collapsed state [103].  Usually montmorillonite has negative charges on the interlayer gallery walls, in which cations such as Na+ or Ca2+ can be absorbed.  To reduce the polar characteristic of the silicate, cation exchange reactions are used with various organic modifiers to render the hydrophilic silicate surface at least partially organophilic.  Also, ion exchange advantageously increases the initial gallery spacing at the same time as improving compatibility with non-polar polymers.  Generally the structure of nanocomposites can be differentiated by the degree of dispersion of the layered silicates [104].  Layered silicates can assemble into tactoids, which are relatively large aggregates in the polymer matrix and thus resemble an immiscible phase as in a conventional microscale composite.  Intercalated structure indicates that a single polymer chain diffuses into the galleries between the layers, resulting in formation of alternate layers of polymer and inorganic mineral [105].  In the ideal exfoliated structure, the silicate layers are completely opened up and dispersed disorderly and uniformly in a continuous polymer matrix [106].
Cloisite 30B, a alkyl quaternary ammonium salt bentonite nanoclay, donated by Southern Clay Products Inc. was used in this research.  The nanoclay consists of organically modified nanometer scale, layered magnesium aluminum silicate platelets.  The silicate platelets that the additives are derived from are 1 nanometer thick and 70 – 150 nanometers across [107].  Figure 26 shows the structural change of nanoclay particles with exfoliation.  
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[bookmark: _Toc372738132]Figure 26.  Dispersion and exfoliation of nanoclay. [106]


Graphite
Synthetic graphite powder was purchased from Sigma Aldrich.  The particle size was less than 10 microns.  The graphite powder was exfoliated by a high power sonication treatment to achieve nanoscale graphene powder.  The resulting powder was found to consist of nano and meso sized graphite sheets and platelets.  The structure of a graphite platelet is depicted in Figure 27. 
 
[image: ]
[bookmark: _Toc372738133]Figure 27.  Graphite Structure.

	
Carbon 60 Fullerenes
Carbon 60 fullerene was purchased from SES Research.   C60 fullerene consists of 60 carbon atoms aligned in a sphere made up of many carbon rings. (Figure 28) Due to the shape and inherent nature of the C60 sphere, incorporating them in composite materials can impart energy dissipation qualities.  During the shockwave propagation, the C60 is put under an influx of pressure, and the spheres respond by contracting and expanding with the pressure, allowing a great deal of the energy to be absorbed and dissipated.  The C60 have a mean sphere diameter of 68.3 nm and sphere outer diameter of 101.8 nm. [108]


[image: ]
[bookmark: _Toc372738134]Figure 28. Fullerene C600 structure. [108]


POSS
Methacrylate Isooctyl Polyhedral Oligomeric Silsesquioxane (POSS) was purchased from Hybrid Plastics. (Figure 29) As received, it is a clear colorless oil.  The POSS molecule contains a basic polyhedral silicone-oxygen nanostructured skeleton cage structure.  It may have 8 or 12 Si atoms surrounded by 8 or 12 organic groups.  This particular POSS has 8 Si atoms located at the corners surrounded by 12 oxygen atoms.  There are 7 individual iso-octyl groups bonded to Si for compatibility and a polymerizable methacrylate functional group for interaction with polymers and surfaces. 
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[bookmark: _Toc372738135]Figure 29. Methacrylate Iso-octyl POSS structure. [109]


Tungsten Disulfide Nanotubes
Tungsten disulfide multi-wall nanotubes (INTs) were purchased from ApNano.  They are needle-like particles with a large aspect ratio (width: length = 100: 15) with mean outer diameter of ~100 nm and a length of ~15 nm.  INTs exhibit excellent shock absorbing properties and impact resistance [110].  They have shown resistance to shockwave pressures > 21 GPa. [110]  An SEM image of a single INT is shown in Figure 30.


[image: ApNano Multilayered Nanutubes Techology]
[bookmark: _Toc372738136]Figure 30.  Tungsten Disulfide multi-walled nanotube. [110]

[bookmark: _Toc372747085]3.3: Melt Blowing

[bookmark: _Toc372747086]3.3.1: Ether and Ester based TPU Screening

The TPU nonwoven webs were processed on the University of Tennessee Nonwovens Research Laboratory (UTNRL) horizontal six inch research melt blowing line.  The processing line consists of a 4 zone single screw extruder (1.5 in. diameter and 33 in. screw length), positive-displacement 10 cc/rev Zenith metering pump, an Ingersoll-Rand SSR-2000 air compressor, 2 air heaters in series, and a belt collector with vacuum.  An image of the melt blowing line is shown in Figure 31a.  A 5.24 cm (6 in.) Exxon style die with a 60° nose angle, 20 holes/in at 0.457 mm (0.018 in.) diameter, and die setback and air gap of 1.52 mm (0.06 in.) was used in processing.  Prior to processing, all polymers were dried at 105 ° C in a Compu-Air humidifying dryer for 3-4 hr. to achieve moisture content below 0.02%.  Starting temperatures of the process were determined by analysis of DSC and MFR results.  In melt blowing, it is vital to start at temperatures relatively close to optimal processing temperatures to avoid die clogging.  Clogged die orifices create webs with poor web quality and consequently, the system must be shut down to remove the clogged die for burn out procedures.  Once the process was begun, the extrusion temperatures were adjusted to maintain die pressures in the range of 300 – 500 psi (2068 – 3447 kPa) and allow equal comparison of the processed web properties.   Air temperatures were adjusted in accord with die temperature.  The process conditions for each polymer are shown in Table 3.  The polymer throughput was maintained between 0.67-0.68 g/hole/min and the collector speed was adjusted between 8.5-8.7 m/min to produce melt blown microfiber webs of 80 g/m2.  The webs were collected at die-to-collector distances (DCDs) of 20, 30, and 50 cm. and at air pressures of 20 and 25 psi (137 – 172 kPa) to give a good representation of the effects of DCD and air pressure (comparable to air flow rate) on the web properties.  Figures 31b and 31c show fibers exiting the die and being collected on the winder.  


[bookmark: _Toc372738096]Table 3. TPU Melt Blowing Conditions
	Polymer
	ID
	Extruder Temp. (°C)
	M.P. Temp. (°C)
	Die Temp. (°C)
	Air Temp. (°C)

	55DT3
	T55D
	215, 260, 255, 245
	230
	230
	250

	58219
	T92A
	205, 220, 230, 230
	230
	225
	238

	58315
	T85A
	200, 230, 230, 225
	240
	220
	225

	60DS3
	S55D
	215, 245, 240, 245
	255
	245
	250

	58277
	S92A
	205, 225, 230, 230
	230
	230
	235

	58271
	S85A
	180, 190, 200, 200
	210
	190
	190
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[bookmark: _Toc372738137]Figure 31. (a.)  Single screw extruder. (b.) Fibers exiting the die.  (c.)  Web being collected on the bobbin.


[bookmark: _Toc372747087]3.3.2: TPU Web for Nanofiller Reinforcing

From the melt blowing trial of 80 grams per square meter basis weight (areal weight) webs, it was determined by taking into account a combination of ease of processing, web properties, and characteristics (Tg) that a TPU with shore hardness between 85A and 92A would likely exhibit the qualities desired.  Estane 58215 of 90A shore hardness was chosen for nanoparticle solution coating methods and melt blowing compounded TPU/C60 blends.  This polymer was not included in the melt blowing trial of TPUs previously discussed though there was experience with this polymer previously.  It will be referred to as T90A. 
Webs of 100 g/m2 basis weight were melt blown on the UTNRL six inch research line. The processing parameters are listed in Table 4.  The webs were collected at a DCD of 40 cm with an air pressure of 35 psi.  Die pressure was maintained at approximately 500 psi (3447 kPa) during processing. The throughput was maintained at 0.83 g/hole/min (ghm), marginally higher than the first melt blowing trial and comparable to commercial production rates.  It should be noted that the throughput (0.67 – 0.68 g/hole/min) in the screening trial was limited to what was attainable for the shore hardness D polymer.

[bookmark: _Toc372738097]Table 4. Melt blowing conditions for TPU T90A shore hardness webs for nanofiller coating reinforcement. 
	Extruder Temp. Zones (°C)
	Die Temp. (°C)
	Air Temp. (°C)
	Air Pressure (psi)
	Throughput (g/hole/min)
	Collector Speed (m/min)
	Basis Wgt. (gsm)
	DCD (cm)

	230, 260, 250, 230
	230
	260
	35
	0.83
	5.2
	100
	40




[bookmark: _Toc372747088]3.3.3: TPU/C60 Compounded Blends

The C60/TPU masterbatch was prepared at 0.5 wt% loading (4 kg TPU pellets, 20 g C60).  In an attempt to increase C60 nanoparticle dispersion in the compounded masterbatch, a unique spray coating method was developed utilizing nickel plated aluminum and steel air atomizing sprayers purchased at McMaster-Carr.  A flow chart of the process is depicted in Figure 32.  The TPU pellets were divided into four 1 kg batches and spread evenly into 20 x 14 x 2 in. baking pans.  The C60 nanoparticles, in four 5 g. batches, were dispersed into four 1 L volumes of toluene, a concentration of 5 mg/mL.  The individual volumes were put under magnetic stir for 5 min followed by sonication treatment at 42 kHz for 30 min before filling the 32 oz. steel air atomizing sprayer.  The sprayer was shaken periodically during spraying to maintain dispersion of the particles in the solution.  Each TPU batch was sprayed with 1 L of C60/toluene solution.  Prior to spraying the C60/toluene solution, DMF was misted onto the pellets followed by mixing to cover the entire pellet surface.  The pellets were then allowed to sit for 5 minutes to allow for swelling of the pellet surface.  This allowed the C60 nanoparticles to be absorbed into the outer layers of the individual pellets once dried.  The process was repeated 4 times to attain the desired 0.5 wt% loading.  The 4 kg of C60 spray coated pellets were allowed to air dry for 1 week with periodic mixing under a laboratory vacuum hood.  
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[bookmark: _Toc372738138]Figure 32.  Illistration of TPU/C60 masterbatch preperation. 


The coated pellets were dried at 105 ° C in a Compu-Air humidifying dryer for 3-4 hr. to achieve a moisture content below 0.02% and remove all toluene.  The dried resin was sealed in an air tight bag until compounding.  The compounding of the master batch was performed at Techmer PM in Clinton, Tennessee.  Briefly, the dried C60 sprayed pellets were fed through a twin screw extruder and the extruded filament was quenched in a water bath and then pelletized.  Out of the initial 4 kg, 2270 g. was returned.

The 0.5 wt% C60/TPU masterbatch was further diluted down to 0.1 and 0.3 wt%  by mixing with neat polymer then melt blown into microfiber nonwoven webs of 100 g/m2 basis weight.  UTNRL’s six inch research line was used again.  For this melt blowing trial, the metering pump was removed as a precaution to avoid system clogging and particle agglomeration.  A 5.24 cm (6 in.) Exxon style die with a 60° nose angle, 7.87 holes/cm (20 holes/in) at 0.635 mm (0.025 in.) diameter, and die setback and air gap of 1.52 mm (0.06 in.) was used in processing.  

The processing parameters for the TPU/C60 blends and control webs are presented in Table 5.   Loaded C60/TPU webs of 0.1 and 0.3 wt% along with neat TPU webs for controls were all processed at the same temperature and throughput parameters.  The screw speed had to be increased from 16 rpm for the neat samples to 18 rpm for the loaded webs in order to maintain throughput (0.55 ghm) throughout the trial.  Despite this, the die pressure in the extruder remained between 130 and 150 throughout processing.  Collection speed was maintained at 4.36 m/min to produce webs of 100 g/m2 basis weight.  Webs were collected at DCDs of 20, 30, and 40 cm to investigate nonwoven properties of the 0.1 wt% and neat materials.  The 0.3 wt% batch was only collected at a DCD of 30 cm due to lack of compounded polymer.  It was found that high quality webs could only be obtained at a narrow air pressure range, 16 – 19 psi, thus a pressure of 19 psi was utilized in this study.  


[bookmark: _Toc372738098]Table 5. Melt Blowing parameters for compounded TPU/C60 blends and control (neat) samples.
	Extruder Temp. Zones (°C)
	Die Temp. (°C)
	Air Temp. (°C)
	Air Pressure (psi)
	Throughput (g/hole/min)
	Collector Speed (m/min)
	Basis Wgt. (gsm)

	220, 240, 230, 230
	220
	274
	19
	0.55
	4.36
	100




[bookmark: _Toc372747089]3.4:  Nanofiller Reinforcing Strategies on Preformed Webs

[bookmark: _Toc372747090]3.4.1: Dip Coating Strategies 

Continuous Dip Coating
A Mathis Coating/Padder/Dryer (Figure 33) was utilized in continuous dip coating of T90A webs of 30 gsm basis weight with Cloisite 30B nanoclay.  The system consists of 2 nip pressure rolls, drying oven with vacuum, and winding system with collection speeds ranging from 0.1 m/min to 2 m/min.  Equations (1) and (2) were used to determine the solution concentration needed to achieve a specific loading of nanoclay.  

	
                                                                ( 1 )

 		                                                   ( 2 )
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[bookmark: _Toc372738139]Figure 33.  Mathis Coater/Padder/Dryer System

Webs were loaded at 1, 3, and 5 wt% on the 30 g/m2 (gsm) web by coating in concentrations of [0.0015], [0.0046], and [0.0077], respectively.  The pentanol/30B solutions were sonicated at 42 kHz for 20 min prior to coating to break up the clay platelets and disperse the nanoclay evenly in the pentanol.  The nanoclay/pentanol solutions were then transferred to an online sonicator and sonicated at 25 kHz during the coating process.  This online sonicator was used to prevent settling of the nanoparticle in the solvent thereby allowing high dispersion in the microfiber webs at the desired add on weight percent.  Table 6 presents the Mathis operation parameters used during the coating process.  The % wet pick up for the 30 gsm TPU webs in pentanol was found to be 650%.  Once the webs were run through the sonicating nanoclay/pentanol solution, they traveled through nip pressure rolls then the dryer followed by a final nip pressure and a winding roll for collection.

[bookmark: _Toc372738099]Table 6. Dip coating parameters for 30 gsm TPU preformed nonwoven webs in nanoclay/pentanol solution
	Parameters
	30B/Pentanol Solution

	% Wet Pick-up
	650

	Web Run
	1.5 m/min

	Nip Pressure
	0.75 bar

	Dryer Temperature
	130°C

	Dwell Time 
	36 sec




Individual Dip Coating
Cloisite 30B and carbon-60 fullerene were used in single dip coating 2.5 x 2.5 in. samples of 100 gsm T90A nonwoven webs.  Solutions of nanoclay 30B/pentanol and C60/toluene were prepared for 1, 3, and 5% loading of the nanofillers.  The mass of each 2.5 x 2.5 in. sample was recorded, and the appropriate mass of nanofiller to achieve the desired add on wt% was weighed out and added to 25 mL of the corresponding solvent.  The clay solution was sonicated at 42 kHz for 20 min and the fullerene solutions were sonicated for 5 min at the same frequency.  The 25 mL nanofiller solutions were then poured into a petri dish and allowed to spread evenly.  The webs were then carefully placed in the dish and allowed to absorb the solution.  The samples were then dried overnight in a chemical hood to allow for complete evaporation of the solvent.  Figure 34 shows the system used and samples coated with 1 and 5 wt% C60 as well as a control sample without nanofiller.  
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[bookmark: _Toc372738140]Figure 34. Estane coated with C60/toluene solution. A. Control, B. 1 wt%, C. 5 wt% 

[bookmark: _Toc372747091]3.4.2: Continuous Ultrasonic Spray Coating 

A Wide-Track ultra-sonicating spray system was purchased from Sono-Tek Corporation.  The system is equipped with a 25 Hz stainless steel non-clogging ultrasonic nozzle capable of producing droplet sizes averaging ~55 um.  The atomization of the solvent and nanofiller allows for precise control of coating at a specified flow rate, providing for a more uniform dispersion of the nanofiller.  Spray widths may range from 2 to 24 inches.  The spray system was used in conjunction with a Mathis Coater/Padder/Dryer machine to enable continuous spraying and online drying of the webs after spraying. (Figure 35)
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[bookmark: _Toc372738141]Figure 35. Sono-Tek WideTrack spray system paired with a Mathis Coater/Padder/ Dryer.

As their name implies, ultrasonic nozzles employ high frequency sound waves, those beyond the range of human hearing.  The sound waves are created by disc-shaped ceramic piezoelectric transducers which convert electrical energy into mechanical energy. The transducers receive electrical input in the form of a high frequency signal from a power generator and convert that into vibratory motion at the same frequency.  Two titanium cylinders magnify the motion and increase the vibration amplitude at the atomizing surface.  A schematic of the nozzle assembly is shown in Figure 36b. Nozzles are configured such that excitation of the piezoelectric crystals creates a transverse standing wave along the length of the nozzle.  The ultrasonic energy originating from the crystals located in the large diameter of the nozzle body undergoes a step transition and amplification as the standing wave traverses the length of the nozzle. The air delivery system is composed of two air jets. (Figure 36a) They alternate on and off to create a sweeping spray pattern which is uniform and highly repeatable.  All components of the WideTrack system are shown in Figure 37 along with a web being sprayed with C60 solution and the same web exiting the dryer.
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[bookmark: _Toc372738142]Figure 36. a) Illustration of nozzle and jet block emphasizing positioning of air jets to control spray width. b) Nozzle Construction
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[bookmark: _Toc372738143]Figure 37.  WideTrack Spray System Components.


The operation parameters of the system were determined by simultaneously solving the equations (3) – (6).

                                         ( 3 )

                                                    ( 4 )

                    ( 5 )

          ( 6 )

Two nanofiller solutions spraying trials with different parameter constants were performed and carried out as follows.
	
Trial 1
For Trial 1, the nanoparticle solution concentration was kept constant while the volume flow rate (VFR) and belt speed (BS) were varied in order to achieve the desired add on wt% of the respective nanoparticles.  The webs were sprayed on both sides, half of the desired add on wt% per side, to achieve totals of 1, 3, and 5 add on wt%.  The process parameters are listed in Tables 7 and 8 for C60 and POSS nanofillers dispersed in toluene.  Prior to spraying, the solutions were sonicated at 42 kHz for 30 min.  The drying oven was set at 65 °C.


[bookmark: _Toc372738100]Table 7.  C60 spray parameters.
	C60/Toluene [2.735 mg/ml] concentration

	Total add on wt%
	Add on wt% per side
	Flow Rate (ml/min)
	Belt Speed (m/min)

	1
	0.5
	27.8
	1

	3
	1.5
	35
	0.418

	5
	2.5
	40
	0.287





[bookmark: _Toc372738101]Table 8.  POSS spray parameters.
	POSS/Toluene [4 mg/ml] concentration

	Total add on wt%
	Add on wt% per side
	Flow Rate (ml/min)
	Belt Speed (m/min)

	1
	0.5
	25
	1

	3
	1.5
	30
	0.525

	5
	2.5
	35
	0.367




Trial 2
From Trial 1 observations, it was determined that the spray system produced the best nanoparticle dispersion between 25 – 30 ml/min flow rates with belt speed close to 0.5 m/min.  For Trial 2, the VFR and belt speed were kept constant while the solution concentration was altered to achieve the desired add on wt% of the respective nanoparticles.  The parameters for Trial 2 are detailed in Table 9.  The nanofillers sprayed include fullerene C60, graphite, and inorganic tungsten disulfide nanotubes (INTs).  The C60 and graphite were dispersed in toluene while the tungsten disulfide INTs were dispersed in ethanol with 15% Wetter D-75E surfactant to aid in keeping the particles in solution.  The solutions were sonicated for 30 min at 42 kHz prior to spraying.  Unlike Trial 1, Trial 2 solutions were also sonicated at 25 kHz during the spraying process to prevent settling of the nanoparticles while in the spray system reservoir.







[bookmark: _Toc372738102]Table 9.  Spray parameters for Trail 2: C60, Graphite, and INT.
	Nanomaterial/Solvent
	Concentration (mg/ml) for target add on wt%
	Operation Parameters

	
	0.20%
	0.60%
	1%
	VFR (ml/min)
	BS (m/min)

	C60/Toluene
	0.610
	1.83
	3.05
	25
	0.5

	Graphite/Toluene
	0.4064
	1.219
	2.032
	30
	0.4

	INT/Ethanol/15% Wetter D-75E
	0.6096
	1.829
	3.048
	25
	0.5




[bookmark: _Toc372747092]3.5: Sandwich Composite Fabrication

Sandwich nanocomposites were fabricated with a Carver hot press. (Figure 38)  The webs are all stacked in 0-90° with respect of the machine direction orientations and covered in a Kapton sleeve.  Appropriate temperature, time, and pressure parameters were determined by investigation of different combinations of the three parameters with a goal of obtaining complete and durable adhesion while maintaining the fibrous structure of the webs.  Choosing the appropriate parameters was done by visual examination for uneven melting, delamination, and DMA testing.  The pressing parameters will be reported in the results section of the corresponding sandwich composite.

[image: ]
[bookmark: _Toc372738144]Figure 38. Wabash Hot Press

[bookmark: _Toc372747093]3.6:   Characterization Methods 
	
The polymers and corresponding melt blown webs were characterized for thermal, strength, viscoelastic, and web structure properties.  Sandwich composite characterizations are also incorporated into this section.

[bookmark: _Toc372747094]3.6.1: Differential Scanning Calorimetry (DSC)

Thermal analysis was carried out using the Mettler Toledo Differential Scanning Calorimetry, DSC821.  Samples were first dried under vacuum at 80 °C for 1 hour.  All DSC scans were carried out in aluminum crucibles under nitrogen atmosphere at a flow rate of 200 mL/min with samples of 6-8 mg.  The scans ran from 25 °C to 220 °C at a heating rate of 10 °C/min, held at 220 °C for 3 min, and then cooled back to 25 °C at a rate of 10 °C/min.  
An annealing investigation was performed on the T90A web.  DSC samples were prepared and annealed at 90°C and 130°C for four hours to investigate the effect of annealing temperature on the TPU morphology.  DSC scans were performed as previously detailed but without the drying step. 
 
[bookmark: _Toc372747095]3.6.2 Melt Flow Rate (MFR)

Melt flow rates of the TPU polymers were measured with a Tinius Olsen Plastometer Model MP987 (Figure 39) with a load of 2.16 kg per ASTM D1238, Procedure B.  The instrument specifications are as follows:
Barrel diameter: 9.55 mm; Barrel length: 162 mm,
Capillary diameter: 2 mm; Capillary length: 8 mm, 
Travel length of piston in the barrel: 25.4 mm

Temperatures of 210, 220, 230 °C were utilized.  Four readings were taken at each temperature and MFR was calculated using the following equations.  


                        ( 7 )

where 1.804 cm3 is the volume of the polymer that will be extruded by 25.4 mm movement of piston in the barrel if the polymer melt density is 1 gm/cc. 

MFR is expressed in grams/10 min is calculated using relationship:
                                                                                         ( 8 )
Where,
L is the length of the piston travel, 2.54 cm
d is the resin density of the polymer at test temperature (g/cc),
t is the time (sec) of piston travel for length L,
426 is the mean of areas of piston and cylinder x 600.


[image: ]
[bookmark: _Toc372738145]Figure 39. Tinius Olsen Extrusion Plastometer MP987 




[bookmark: _Toc372747096]3.6.3: Solution Viscosity

Dilute Solution Viscosity is a simple yet useful technique for analysis of polymer systems.  The dependence of polymer solution viscosity on concentration and chain size gives an indication of the polymers molecular weight.   The measurement of solution viscosity involves use of a constant temperature bath and a capillary viscometer.  An illustration of an Ubbelohde viscometer is shown in Figure 40.  During measurement, the viscometer is inserted in the water bath which is held at a constant temperature.  The polymer solution is forced from the A bulb to the B bulb, and the efflux time for the polymer to flow from time lines B to C is recorded for different concentrations.  

A bulb
Capillary
B line
C line

[bookmark: _Toc372738146]Figure 40. Ubbelohde Viscometer

The solution flow time is proportional to the viscosity and inversely proportional to the respective density.  

                               ( 9, 10 )
Relative viscosity (ɳrel) is defined as the ratio ɳsoln / ɳsolvent.  With a dilute concentration of polymer in the solvent, ρsoln = ρsolvent.  This allows for the following relationships:

                    ( 11, 12 )

Specific viscosity (ɳsp) represents the incremental viscosity from polymer in the solution as seen with the relation with relative viscosity above. The inherent viscosity (ɳinh) is related to the relative viscosity through the following equation.
                                                                                             ( 13 )
Like ɳsp, ɳinh also represents the incremental viscosity in the polymer solution.  By normalizing ɳsp and ɳinh with concentration and extrapolating to zero concentration, the intrinsic viscosity can be determined (Figure 41).  This is proved by:

                                                                ( 14 )

[image: ]
[bookmark: _Toc372738147]Figure 41. Extrapolation of intrinsic viscosity.

Solution viscosity measurements were taken with a Cannon Constant Temperature Bath (Figure 42) and Ubbelodhe viscometer model OB K361 by Cannon Inc at 30 °C for both raw pellets and webs processed at a DCD/Air Pressure conditions of 30/25 for the 80 g/m2 screening webs and the T90A 100 g/m2 web.  Solutions of 0.2, 0.4, 0.6, and 0.8 g/dL concentrations were prepared in Sigma Aldrich DMF under magnetic stir.   Each sample was allowed to equilibrate in the temperature bath for 15 minutes prior to testing.  The efflux time was recorded for five runs and an average taken for use in plots for determining the intrinsic viscosity.


[image: ]
[bookmark: _Toc372738148]Figure 42. Cannon Temperature bath CT-1000 with Cannon OB K361 Ubbeholde Viscometer.


[bookmark: _Toc372747097]3.6.4:  Scanning Election Microscope Imaging (SEM)

A Leo Gemini Scanning Electron Microscope was used to image the respective webs and sandwich composites.  Samples from 3 different locations in the web were fashioned to a metal post with conductive tape.  Two posts were prepared from each sample to obtain a good representation of the webs. All samples were sputter coated with gold for conductivity.  Multiple images were taken at different magnifications to analyze web structure.

[bookmark: _Toc372747098]3.6.5:  Fiber Diameter Measurements
Fiber diameters were measured from images taken on a Leo Gemini Scanning Electron Microscope.  For each sample, 100 total measurements taken from 3 separate locations across the web and used in calculation of average fiber diameter, standard deviation, and plotting fiber distributions.
[bookmark: _Toc372747099]3.6.6:  Strength and Elongation at Break

Tensile properties of the of 1 layer web samples were determined using a United Tensile tester equipped with a 10 lb load cell per ASTM D5035.  Briefly, samples of 1 in. by 6 in size were tested with a gauge length of 3 inches at 12 in/min crosshead speed.  Results from 5 samples in the machine direction (process direction) were used to calculate average break force and percent elongation.  Results were plotted as functions of DCD and air pressure.

[bookmark: _Toc372747100]3.6.7:  Air Permeability

A TexTest FX3300 Air Permeability Tester (Figure 43) which measures the air flow rate through a 38 cm2 sample at a pressure drop of 125 Pascal was used to measure the air permeability of each melt blown web per ASTM D737.  Ten samples were tested with average and standard deviation calculated. 


[image: http://www.aticorporation.com/_images/fx3300.jpg]
[bookmark: _Toc372738149]Figure 43. TexTest Air Permeability Tester

[bookmark: _Toc372747101]3.6.8:  Pore Size

The average pore diameter was determined by averaging results from 3 samples tested with a Capillary Flow Porometer, Model # CFP-1100-AEX.  Measurement on the Porometer entails exclusion of a wetting liquid with very low surface tension of 0.0156 N/m from the pores of a completely saturated nonwoven media by pressurized air.  When the applied air pressure exceeds the capillary attraction of the wetting liquid in the pores, air will pass through the sample, allowing the determination of the mean pore size. Smaller pores have a higher capillary attraction than larger pores and thus smaller pores open up at higher pressures.

[bookmark: _Toc372747102]3.6.9:  Dynamic Mechanical Analysis (DMA)

This instrument is vital to this research endeavor due to the vast amount of sample combinations fabricated.  It will be used to evaluate viscoelastic properties of the sandwich composites in the linear elastic region and as a screening method for choosing the appropriate TPU for reinforcing with nanofillers as well as  which sandwich composites merit further investigation with the high cost of high strain rate testing by with Split-Hopkinson Pressure Bar and/or Shock Tubes.  Both temperature scans and frequency sweeps will be investigated.  Due to the great reliance on this method, more insight into its function is discussed in the next paragraphs.  
Dynamic Mechanical Analysis (DMA) is a method used for the characterization of viscoelastic properties of materials.  The degree to which a polymer exhibits more solid-like or liquid-like behavior is dependent on temperature as well as time or frequency.  DMA applies a sinusoidal force to a sample and the resulting sinusoidal deformation is monitored.  The stress at any time is given by the equation:

                                              ( 15 )

where σ0 is the maximum stress.  The corresponding strain, ε, is given by: 

                                             ( 16 )

A purely elastic material is one in which all the energy stored in the sample during loading is returned when the load is removed.  As a result, the stress and strain curves for elastic materials are completely in phase as shown in Figure 44.  Elastic materials follow Hooke’s Law and the stress in proportional to the strain while the modulus is the ratio of the stress to strain.  For a purely viscous material, all of the energy applied during loading is dissipated or lost by conversion to heat once the load is removed.  Here the stress is 90° out of phase with the strain and the ratio of stress to strain is known as viscosity (Figure 45).  


[image: ]
[bookmark: _Toc372738150]Figure 44.  Cyclic stress-strain curve for purely elastic materials showing stress in phase with the strain. [111]


[image: ]
[bookmark: _Toc372738151]Figure 45.   Cyclic stress-strain curve for purely viscous materials showing stress 90° out of phase with the strain. [111]
 
[image: ]
[bookmark: _Toc372738152]Figure 46. Sinusoidal curve with strain lagging behind the applied stress by the phase angle, δ. [111]

For viscoelastic materials, the sample response lags behind the applied stress wave with respect to time (Fig. 46).  This lag is known as the phase angle, δ.  The stress can be resolved into two parts, in-phase (elastic) and out-of-phase (viscous) with the strain.  The storage modulus (E’) corresponds with the in-phase or elastic part while the loss modulus (E”) relates the out-of-phase or viscous part with tan δ as the ratio of E” to E’.  They are defined mathematically by the following equations:

                                              ( 17 – 19 )

The storage modulus (E’) refers to a materials ability to return or store energy.  For glassy or amorphous polymers, E’ is high and lower for rubber or semicrystalline polymers.  The loss modulus (E”) is associated with the viscous response and represents the energy converted to heat by the molecular motions from the material under stress.  Tan delta is the ratio of the E” to E’, consequently it behaves much like E” but is independent of sample dimensions.  It translates to a measurement of the ratio of energy absorbed by the sample as heat to the energy used by the sample to return to its original shape.  The loss modulus and tan delta are indicators of the polymers ability to internally dissipate energy which is why peaks in tan delta are often referred to as damping peaks.  

The DMA technique is sensitive to the various transitions which a polymer undergoes as a function of changing temperature and frequency of the applied stress or strain.  Viscoelastic materials are typically characterized by the type of behavior shown in Figure 47.  They exist in various states or phases over broad temperature and frequency ranges, and the behavior regions are typically referred to as the glassy, transition, rubbery, and flow regions.  Viscoelastic materials behave differently based on which region they exist in for a specific application.  

In the glass region, the polymer chains are ordered into crystalline domains with the polymer possessing rigid glass-like behavior.  Stiffness, E’, of the material is at its highest point in this region while the damping, E” and tan delta, are typically low.  In the transition region, the polymer is transitioning from a glass to a rubber state.  In this region, the polymer goes through its most rapid rate of change in stiffness and possesses its highest level of damping performance.  The polymer chains are in semi-rigid and semi-flow states and are able to rub against adjacent chains creating friction.  The frictional effects result in the mechanical damping characteristics of viscoelastic materials.  In the rubber region, the polymer is above the glass transition and below the melting temperature.  The polymer reaches a lower plateau in stiffness and damping is lower.  In the flow region also termed the terminal region, the polymer has reached its melting point and the polymer chains slide past each other and the polymer flows.  


[image: ]
[bookmark: _Toc372738153]Figure 47.  Illustration of storage modulus, loss modulus and tan delta for a polymer in various phases. [112]


The thermal transitions in polymers can be described by changes in free volume changes or relaxation times to supply information for the various segmental motions [111].  Changes in free volume can be monitored as a volumetric change in the polymer by the absorption and release of heat associated with that change, by the loss of stiffness, increased flow, or a change in relaxation time [111].  The free volume concept was developed by Doolottle and is defined as the space within the polymer unoccupied by the polymer chains [113].  The variation of free volume with temperature is shown in Figure 48 where the amount of free volume increases with increasing temperature above the Tg.  The slope of the specific volume curve is the coefficient of thermal expansion, CTE, and, in fact, one definition of the Tg is the point at which the coefficient of thermal expansion suffers a discontinuity.  The variation in free volume allows for greater mobility of the molecular chains and gives rise to greater time or viscoelastic effects as temperature increases.  

[image: http://www.nature.com/pj/journal/v44/n8/images/pj2012123f1.jpg]
[bookmark: _Toc372738154]Figure 48.  Free volume in polymers as a function of temperature. [94]





A simple approach to looking at free volume is the crankshaft model where the polymer chains are imagined as a series of jointed segments.  This model is depicted in Figure 49.  Other chain in tube models based on the reptation and Rouse motion of a single polymer chain in solution and the melt proposed by de Gennes [114] and  Doi-Edwards [115] which were built off the early pioneering efforts of Kuhn, Rouse, Zimm, and Flory for dilute solutions above the glass transition temperature.  Ferry [116] extended the work of Rouse and Zimm to bulk polymer in the rubbery state by utilizing Doolittle’s free volume theory and the method of reduced variables.  


[image: C:\Users\JFo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\crankshaft.png]
[bookmark: _Toc372738155]Figure 49.  Crankshaft model showing various motions of a polymer chain.



The crankshaft model treats the polymer chain as a collection of mobile segments that have some degree of free movement.  As the free volume of the chain segment increases, its ability to move also increases.  This increased mobility in either side chains or segments of the chain backbone results in lower moduli of the polymer.  Figure 50 depicts transitions which may be seen during a DMA temperature scan at a constant frequency for various types of polymers.  


[image: C:\Users\JFo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\transitions.png]
[bookmark: _Toc372738156]Figure 50.  Idealized DMA temperature scan showing possible transitions for different polymer types. [111] 



At very low temperatures where the polymer chains are tightly compressed they pass through the solid state transitions.  The localized bond movement of bending and stretching and small side chain movements is ascribed as the gamma (γ) transition.  As the temperature and free volume increases, whole side chains and localized groups of four to eight backbone atoms begin to have enough space to move and the material starts to develop toughness [111].   Such transitions are called beta (β) transitions.  The large scale motions of the amorphous regions as heating increases further are related to the glass (α) transition.  The Tg is very dependent on the degree of polymerization up to a value known as the critical Tg or critical molecular weight.  The Fox-Flory empirical equation describes reasonably well the Tg dependence on molecular weight [117].


                                                                           ( 20 )

Here Tg (∞) is the maximum glass transition temperature that can be achieved at infinite molecular weight and K is an empirical parameter related to the free volume present in the polymer.  The free volume approach explains the Fox-Flory equation, assuming that chain ends contribute an excess free volume.  In that case, a decrease in Mn leads to an increase of chain end concentration and increase of free volume.  Therefore an increase in free volume leads to decrease in Tg.  Above that threshold the rubbery state appears.  The modulus in that region is proportional to the number of cross-links or the molecular weight between entanglements, Me.  This is often expressed as

                                                                                           ( 21 )

Here, E’ is the storage modulus in the rubbery plateau at a specific temperature (T), ρ is the polymer density, and R is the gas constant.  Dependent of the polymer, other transitions may be seen in the region between Tg and the melting point of the polymer as shown in Figure 50.

There are at least five different accepted methods for determining Tg from DMA temperature scans.  The peak or onset of the tan delta curve, the onset of E’ drop, or the onset or peak of the E” curve may be used.  The values obtained from these methods can differ up to 25°C from each other on the same run.  In addition, a 10 - 30°C difference from the DSC Tg is also seen in many materials.  In practice, it is important to specify exactly how the Tg was determined, including defining the heating rate, applied stress or strains, the frequency used, and the method for determining Tg.  

The relaxation spectrum of a polymer may also be analyzed using a frequency sweeps at a constant temperature.  These types of scans however are limited to the lowest and highest frequencies attainable by the DMA.  Typically, DMA frequencies range from 0.001 to 100 Hz.  This range is generally not great enough to cover the entire range of the relaxation spectrum.  In these cases, the William-Landel-Ferry (WLF) equation is employed to exploit the equivalent relations of high temperature-low frequency and low temperature-high frequency aspects of viscoelastic materials relaxations [116].

                                                                                           ( 22 )

Here, aT is termed the horizontal shift factor, C1 and C2 are empirical constants used to fit the values of the superposition parameter aT.  T0 is the reference temperature and usually taken as Tg of the polymer. To employ the WLF equation, multiple frequency sweeps are employed at different temperatures and a master curve is constructed for a particular reference temperature.  This is termed the Time-Temperature Superposition Principle (TTS).  A typical master curve is shown in Figure 51.   The relaxation time of the material may be taken for the crossover point of E’ and E” and the reciprocal of the frequency at that point.  

[image: C:\Users\JFo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\tts.png]
[bookmark: _Toc372738157]Figure 51.  Master curve generated form the WLF equation.  



The materials in this research were tested by DMA with frequency sweeps in tensile mode from 1 – 100 Hz at 25 °C with 0.1% strain applied.  A Rheometric DMTA V and a TA Q800 DMA were utilized.  No discrepancies in the results were found using two different instruments.  Three samples of each material were tested and averages of the three are reported.  Sample dimensions were 10 mm in length and 5 mm in width.  
The TA Q800 was also used to conduct temperature scans in tensile mode from -100 to 60 °C at a heating rate of 3°C/min and at 1, 10 and 100 Hz.  The 1 Hz frequency curves showed a lot of noise due to relaxation of the stress over the sample and are not presented.  Two samples of each material were tested to ensure repeatable results within a sample lot.  Sample dimensions were 10 mm in length and 5 mm in width.  The glass transition of the materials is taken as the peak of the tan delta curves.  


[bookmark: _Toc372747103]3.6.10:  Densification

Sample bulk density measurements were performed by cutting samples to 3 cm length and 3 cm widths.  Thickness and mass were then measured using a TMI thickness tester Model 49-70 and a Mettler Toledo micro-balance to calculate the bulk density.  

[bookmark: _Toc372747104]3.6.11: Fracturing

To investigate the fracture mechanics, samples were dropped into liquid nitrogen and allowed to sit for one minute.  The samples were then removed and fractured.  The fractured surface was examined by Scanning electron microscope imaging.



[bookmark: _Toc372747105] 3.6.12:  Mini-Shaker

High frequency vibration testing of the 4 layer sandwich composites was performed under continuous excitation with a mini-shaker at the University of Alabama-Birmingham by members of Dr. Uday Vaidya’s research group.  The instrument set-up is presented in Figure 52.  The sample dimensions were 4 inches in length and 0.5 inches in width and supported by lightly bonding with a spray adhesive to a Teflon beam.  The samples were mounted in a free-free edge support condition by mounting at their center and directly over the impedance head with double-sided tape.
 


[image: ]
[bookmark: _Toc372738158]Figure 52.  Mini-Shaker setup

The instrument operates by applying a random noise excitation through a noise generator which is amplified by a power amplifier to excite the Bruel and Kjaer Type 4809 electrodynamic shaker.  A Bruel and Kjaer Type 4000 impedance head mounted over the stinger rod of the shaker measures input force and output acceleration.  The vibration response was measured using a dual channel Bruel and Kjaer Pulse Analyzer after the signal is amplified by two Kistler-Type 5004 dual mode preamplifiers.  The frequency response function (FRF) is plotted against frequency to get the baseband response.  Damping is measured by zoom transform at each frequency and the damping ratio by the half was calculated power bandwidth method also known as the -3dB drop method as shown in Figure 53.  Results are presented as baseband resonance frequencies as a function of amplitude and damping ratio as a function of resonance frequency.

[image: ]
[bookmark: _Toc372738159]Figure 53.  Half power bandwidth method (-3dB method)










[bookmark: _Toc372747106]CHAPTER 4: MELT BLOWING AND COATING RESULTS

[bookmark: _Toc372747107]4.1: Ether and Ester based TPU Screening

[bookmark: _Toc372747108]4.1.1:  Determination of Process Parameters

DSC scans and melt flow rates were used to determine starting melt blowing process temperatures for the extruder, metering pump, die, and air temperature.  The DSC melting curves are shown in Figure 54.  For melt processes, the highest endotherm is of importance to determine the melting point of the polymer.  All polymers were found to have broad melting peaks, indicating a range of crystal sizes, and the T55D and T85A both have dual melting peaks.  As a rule of thumb in melt blowing, setting the die to 30°C above the highest melting temperature is a good starting point for polymers which there is no previous experience or knowledge of melt processing behavior.  The orifices of melt blowing dies are very small compared to other melt processing dies and can become clogged very easily and thus causing necessary shutdown of the process.  Being 30°C above the highest melting point is typically high enough to avoid this while remaining in a reasonable temperature range to avoid polymer degradation.  




[image: ]
[bookmark: _Toc372738160]Figure 54.  Ether and Ester based TPU resin melting curves.



Other than zone 1 of the extruder, other processing temperatures should be set to at least 10°C above the highest polymer melting temperature.  The melt flow rate of the polymers can be used to give an idea of how to set these processing temperatures.  Figure 55 shows the melt flow rate of the six screening polymers at temperatures of 210, 220, and 230°C.  As expected, the MFR of all the polymers increases with increasing temperature.  The graphs of the ether and ester soft segment based TPUs both show a change in slope at the 220°C temperature, indicating a shear thinning behavior.  This rheological behavior is useful in melt processing, as it alleviates torque on the extruder screw and lowers processing pressure.  From the graphs, it is seen that MFR increases with decreasing polymer shore hardness (decreasing hard segment content).  However, the 85A polymers show lower melt flow rates than the 92A polymers at high temperatures.  This is due to a greater contribution of the viscous effect of the higher soft segment content compared to the elastic effect of the hard segments to the melt flow rate or viscosity.  

As previously stated, these characterizations give an indication of starting temperatures which will allow melt processing to begin without problems.  Final melting temperatures are adjusted once the process has stabilized and extruder torque and pressure and die pressure can be taken into account.  The final processing temperatures of the screening polymers were presented in Table 3 and were set to maintain processing pressures between 300 and 500 psi.  This was done to minimize differences on processing effects on the nonwoven web properties.




[image: ]
[bookmark: _Toc372738161]Figure 55.  Ether and Ester based TPU resin melt flow rate as a function of temperature.



[bookmark: _Toc372747109]4.1.2: Nonwoven Web Characterization

TPU Processing Observations
Web quality varied greatly with different air pressures and DCD’s.  At an air pressure of 20 psi, the 85A polymers exhibited poor fiber formation at the 20 cm DCD but improved with increasing DCD.  The S85A webs could not be collected due to considerable shrinkage down to approximately 2 – 3 inch width and wrinkling.  The webs which were collected averaged approximately 6 inches.  Figure 56 shows the cooling curves obtained with the DSC scans of the polymers.  Though webs quench at a much faster rate during melt blowing than the 10 degree per minute rate used in the DSC, the curves remain useful in analyzing the crystallization kinetics of polymers during melt blowing.  All polymers show crystallization on cooling except the S85A indicating there would likely be problems during collection of nonwoven webs of this polymer.  
The extruder overheated periodically during processing of the shore hardness D polymers.  To compensate, the first heating zone of the extruder was increased to much higher temperatures above the polymer melting temperatures.  This did alleviate the overheating issues however the hopper feed throat would clog over time if not agitated due to premature melting of the pellets.  High air temperatures were also required to form quality webs of the shore hardness D polymers. This may be significant in industry as air heating is the most expensive component of the process.  No issues were experienced with processing the 92A shore hardness TPUs.  


79

[bookmark: _Toc372738162]Figure 56.  Ether and Ester based TPU resin cooling curves.

Intrinsic Viscosity
Polymer and web intrinsic viscosity (IV) is presented in Figure 57 and the values are tabulated in Table 10.  A loss of intrinsic viscosity is expected during melt extrusion processing due to chain scission.  Also, thermoplastic polyurethanes are known to undergo urethane dissociation at temperatures above 130°C leading to additional loss in molecular weight.  The shore hardness D webs lost more than 50% of the polymer intrinsic viscosity due to the very high temperatures necessary to prevent extruder overheating.  The S92A web also lost a considerable amount of IV at 48%.  The T92A and T85A webs both lost less than 40% IV.  Melt blowing typically sees IV losses in polypropylene and polyesters around 30%.  The higher losses here are attributed to the urethane bond dissociation.  The intrinsic viscosity losses here were much lower than those published by Zapletalova [77] which lst between 75 to 80%.  Those TPUs were processed at temperatures greater than 260°C while the highest processing temperature here was 245°C.


T55D
T92A
T85A
S60D
S92A
S85A

[bookmark: _Toc372738163]Figure 57.  Ether and Ester based TPU resin and web intrinsic viscosity.
[bookmark: _Toc372738103]Table 10.  TPU pellet and web intrinsic viscosity.
	Polymer
	Intrinsic Viscosity (dL/g)
	%Δ [η]

	
	Pellet
	Web
	

	T55D
	1.46
	0.72
	50.7

	T92A
	1.05
	0.64
	39.0

	T85A
	0.9
	0.58
	35.6

	S60D
	1.84
	0.835
	54.6

	S92A
	1.02
	0.53
	48.0

	S85A
	0.96
	-
	-




SEM Imaging
Scanning electron microscope image of webs processed with 25 psi air pressure at 20,30, and 50 cm DCD are shown in Figures 58 (ether based) and 59 (ester based).  Fibers show increasing entanglement and roping with increasing DCD with the degree of entanglement increasing as TPU MFR increases in respect to the corresponding shore hardness of the polymer.  The 92A shore hardness polymers had the highest MFR and consequently a higher degree of roping in the webs as the fibers are less stable in the air field.  
[image: ]
[bookmark: _Toc372738164]Figure 58. .  SEM images of ether based webs. Top down: T55D, T92A, T85A.  Left to right: 20/25, 30/25, 50/25 (DCD/Air pressure)


[image: ]
[bookmark: _Toc372738165]Figure 59.  SEM images of ester based webs. Top down: S60D, S92A.  Left to right: 20/25, 30/25, 50/25  (DCD/Air pressure)


Average Fiber Diameters and Distributions
The average fiber diameters for all of the webs produced (20 and 25 psi at 20, 30, and 50 cm DCD) are shown in Figure 60.  Overall, average fiber diameters of  the webs produced ranged from 4.69 to 7.66 microns, a difference of 2.97 microns.  No fiber diameters larger than 14 um were measured.  Breese [58] and Lee [59, 76] showed that fiber attenuation to smaller diameters occurs at distances less than 10 cm. away from the die face where temperatures are great enough to overcome the molten fiber viscosity.  Therefore, changes in average fiber diameter with DCD is not expected in these webs as they were collected at a 20 cm. DCD and greater.  The variations seen in average fiber diameter with increasing DCD seen here arise from the selection of fibers for measurement.   The 25 psi are pressure produce webs with smaller average fiber diameter which is consistent with melt blowing theory concerning effect of air flow rate on fiber diameter.  The variation from theory for the T92A web at all DCDs and S60D at 30 cm DCD is likely due to the fibers chosen for measurement.  The error bar overlap at each DCD/air pressure combination indicates a broad distribution of fiber diameters.  This is further verified in the fiber distribution plots in Figures 61 (ether) and 62 (ester).  In these graphs, the peaks of the normal curve overlays represent the average fiber diameter.  The distribution of fiber diameter becomes larger with decreasing polymer hardness for both ether and ester based webs while Figure 60 shows little difference in average fiber diameter between the different shore harnesses investigated.



[bookmark: _Toc372738166]Figure 60. Avg. fiber diameter of TPU 80 gsm webs.
   
[bookmark: _Toc372738167]Figure 61. Ether based web fiber diameter distributions. The curve peak represents the average.







[bookmark: _Toc372738168]Figure 62.  Ester based web fiber diameter distributions. The curve peak represents the average.














Break Force and Elongation
Break force and elongation at break as a function of DCD and air pressure behavior for samples cut in the machine (MD) are shown in Figures 63.  Both break force and elongation at break were found to decrease with increasing DCD.  This type of behavior is unusual in polymers which generally display increasing elongation with decreasing strength.  To understand the behavior observed, it is necessary to understand how nonwoven strength develops during the melt blowing process.
[image: ]
[bookmark: _Toc372738169]Figure 63. Web strength and elongation % at break in the machine direction.


The air temperature and velocity profiles of commercial style melt blown lines were investigated by Bresee, Begenir, and Lee [74,75,79].  They found that both parameters decrease rapidly away from the die and plateau out around 15 -20 cm.  They all found fiber attenuation ceases when the air and fiber velocities are equal and the drag force on the fiber drops to zero.  For the different melt blowing lines investigated, this point in which the air and fiber velocities equal was found to be less than 10 cm.  At distances greater than 10 cm from the die, the fibers can be considered to be at nearly isothermal conditions.  Lee [74] reported that their 240 °C air temperature dropped to 71°C at 6 cm from the die followed by a decrease to 51°C at 20 cm.  They reported their air velocity as 60% of an open air valve and measured air speeds at multiple air distances with a pilot tube.
With the fibers being attenuated at high air temperatures near the melt temperature and high air velocities, little to no molecular orientation is obtained in the fiber.  Therefore chain orientation has little effect on the strength of the web.  This has been verified by Bresse and Begenir for PP and TPU, respectively.  Also, crystallinity of the web depends only on the polymer type and time the fiber spends in its crystallization temperature range.  This was verified in this investigation as no crystallinity change was found with DSC scans for the same polymer species processed at the DCD’s and air pressures investigated.  This has also been observed in this melt blowing facility with PP, PET, Nylons, and PBT for different DCD’s and air pressures.  Some small changes in crystallinity can be found when air pressures are drastically different however the upper range of air pressure necessary to invoke crystallinity changes is not economical from a cost standpoint as well as the resulting web is generally of non-uniform character.  To change the web crystallinity, the die temperature should be altered with higher temperatures providing higher crystallinity.
Taking these aspects into account, web strength is thought to be dependent on the inherent polymer properties, the fiber orientation in the web, and inter-fiber bonding within the web [79].  The inherent polymer properties explain the trend of decreasing strength and increasing elongation found with decreasing polymer hardness.  Begenir [79] found no effects of DCD changes at constant air velocity for fiber orientation in TPU webs and Lee [74] found similar results for PP webs.  Close observation of the SEM images from this study indicate very little change in fiber orientation at different DCD’s for a constant air pressure.  No difference in fiber orientation was readily observed for increasing air pressure as well.  Observations did reveal however, greater fiber bundling and roping with increasing DCD.  This leaves inter-fiber bonding as the final component.  When the molten fiber exits the die, it begins attenuation and cooling immediately.  When the crystallization temperature is reached, the fiber begins to solidify with complete crystallization and solidification typically occurring on the collection belt but before winding.  The time it takes for the fiber to reach the collection belt and contact other fibers dictates the amount of inter-fiber adhesion within the web.  At short DCD’s, the fiber is still hot and tacky when it hits the fibers already on the collection belt.  This allows for numerous inter-fiber adhesion sites in the web and therefore a stronger web.  As the DCD is increased, the fibers have more time to cool resulting in a web with less inter-fiber adhesion and a weaker web.  The effect of air pressure is that with increasing air pressure, the fiber travels at a faster rate to the collector and consequently is at a hotter temperature resulting in a stronger web.  The small decrease in fiber diameter with the higher air pressure (25 > 20 psi) is assumed to not have much effect on the cooling rate of the fiber as crystallization kinetics observed in  DSC scans did not reveal any changes.  This is clearly seen in Figure 63 for the samples tested in the machine directions for 25 vs. 20 psi air pressures.  
Figure 63 clearly demonstrates the dependence on DCD and air pressure for web strength in the ether based webs.  Strength decreases with decreasing polymer hardness while elongation decreases with increasing polymer hardness.  The degree of decrease from 20 to 30 cm is seen to decrease with decreasing polymer hardness as well.  From 30 to 50 cm the loss of strength and elongation remains similar between the different TPUs.  The ester results show a lower degree of strength dependence on polymer hardness at higher DCD’s.  The T55D and S60D webs showed considerable less elongation properties compared to the softer webs.  Overall, the ester based webs possessed greater strength at break while the ether based webs possessed greater elongation.  This coincides with conventional knowledge of ester and ether based TPU tensile properties with polymers of similar molecular weights and shore hardness. 




Pore Size
The average pore size was found to increase with increasing DCD and decrease with higher processing air pressure. (Fig. 64)  Increasing DCD causes an increase in pore size because fiber entanglement increases at larger DCD’s resulting in reduced fiber cover in the web.  At higher DCD’s, the webs are cooler and therefore less fiber-to-fiber bonding occurs in the web.  When air flow is increased, finer fibers are produced, creating a greater pore cover in the web.  The fibers also travel faster and are at a higher temperature when they land on the collection belt allowing for more fiber-to-fiber bonding sites.  
Most webs showed a large increase in pore size from 20 to 30 cm DCD and from 30 to 50 cm, the increase was to a lesser degree.  The T55D web average pore size stayed relatively the same with the increase for 30 to 50 cm DCD.  The T85A web processed at 20 psi showed the largest average pore size at 20 cm due to the poor fiber formation in the web.  At 25 psi, the T85A web showed a decrease in average poor size from 20 to 30 cm DCD.  This is also seen in its air permeability results presented in Figure 65.  This is easily explained just by visual observation of the webs.  At low DCD, the T85A polymer does not produce a high quality web as the fibers are not quenched and shrink resulting in a web with poor coverage.  As the DCD is increased, the fibers have enough time to quench and form a higher quality web.  It should also be noted that the standard deviation of the pore size increases with increasing DCD.  This tells us that the range of poor sizes in the web increases at higher DCD’s.
[image: ]
[bookmark: _Toc372738170]Figure 64.  Average pore diameter as function of DCD and air pressure.


Air Permeability
The air permeability results are shown in Figure 65.  As expected after analysis of the average pore size, air permeability also increases with increasing DCD.  Air permeability was also found to decrease with increasing air pressure.  The T85A/20 web showed the highest air permeability due to the poor web formation.  The T85A/25 data showed a similar shape as its pore size data.

[image: ]
[bookmark: _Toc372738171]Figure 65. Ether and Ester web air permeability as function of DCD and air pressure.

Dynamic Mechanical Analysis
DMA double log frequency scans for E’ and E” at room temperature of single webs are shown in Figure 66.  Both moduli, E’ and E”, increase with increasing shore hardness.  This is due to the ratio of hard versus soft segment content.  The ester based webs show higher moduli than their respective ether based webs at similar or equal hardness due to a higher degree of hydrogen bonding and phase mixing.  Both E’ and E” increase over the frequency range investigated which is promising for dampening properties at higher strain rates.  


[image: ]
[bookmark: _Toc372738172]Figure 66.  E' and E" of DMA frequency scans at room temperature of 80 gsm 1 layer webs.

Temperature scans at 10 and 100 Hz of 4 layer sandwich composites are shown in Figures 67 - 69 respectively.  The webs were hot pressed at 90°C for 90 seconds with 11 tons of pressure.  The effect of shore hardness is clear in the storage modulus (E’) graph, as E’ increases with shore hardness. (Figure 67)  This is expected since higher hard segment content increases strength and also acts as a reinforcing filler dispersed in the soft matrix.  The storage modulus drops about two orders of magnitude over the temperatures range investigated.  The glass plateau is extended and the temperature at which E’ begins to drop from the glass plateau increases with increasing shore hardness.  This is due to a more perfect hard domain structure attained with higher hard segment content.  The onset of the plateau in the rubber region occurs at higher temperatures with increasing shore hardness is also due to the degree of order in the hard segment domain of the higher shore hardness polymers.  The storage modulus increases to higher values from the 10 Hz scan to the 100 Hz scan, indicating increasing viscoelastic properties at shorter time scale deformations.

10 Hz
100 Hz

[bookmark: _Toc372738173]Figure 67. Storage Modulus (E’) of 4 layer composites of 80 gsm webs.


The loss modulus curves at 10 and 100 Hz are shown in Figure 68.  Damping discussion pertaining to these materials is interpreted with the tan delta curves shown in Figure 69.  The peaks of the E” curves were utilized for calculation of the activation energy which are presented in Figure 70.  In regards to the E” curves, the magnitude at low temperatures in the 100 Hz scan is much greater than the 10 Hz scan and the peaks are also shifted to higher frequency.
10 Hz
100 Hz

[bookmark: _Toc372738174]Figure 68. Loss Modulus (E”) of 4 layer composites of 80 gsm webs.


Figure 69 shows tan delta curves for 10 and 100 Hz temperature scans.  Glass transitions (Tg) are labeled for each curve.  The glass transition results from soft segment relaxation and is sensitive to the material composition.  In these TPUs, the glass transition was found to increase with increasing shore hardness (increasing hard segment content).  The tan delta peaks also broaden and decrease in magnitude with increasing hard segment content.  With increasing hard segment content, larger and more ordered hard microcrystalline domains are formed resulting in restricted the molecular motion of the soft segments.  
From a soft segment point of view, an increase in soft segment length or molecular weight increases the TPUs degree of phase separation by the increase in mobility.  This leads to a decrease in Tg and tan delta peak intensity in increased while the peaks become narrow.  In Figure 69, the Tg decreases with decreasing shore hardness (higher soft segment content and higher molecular weight) as less energy is required for the material to undergo the phase transition from glass to rubber upon heating.  This is verified in the activation energy calculations which are discussed later.  
The Tg of the polyether based TPUs were found to be lower than that of the polyester based TPUs.  This is due to the availability of C=O groups of each monomer in a polyester for possible hydrogen bonding with the N-H groups in the urethane hard segments.  The higher degree of hydrogen bonding of polyester based TPUs lowers the free energy of mixing of the hard and soft segments that drives phase separation [29, 30].  The more flexible ether bond and higher free energy of mixing of polyether based TPUs allow them to attain a higher degree of phase separation and thus the soft segments have greater mobility and require less energy to relax.
  
10 Hz
100 Hz

[bookmark: _Toc372738175]Figure 69. Tan delta of 4 layer composites of 80 gsm webs.


The activation energy of the TPU web glass transitions are shown in Figure 70.  The calculations were taken from the E” peaks of the dynamic mechanical analysis temperature scan of each 4 layer sandwich (Figure 68) using the Arrhenius equation.

                                               ( 23 )

The 1 Hz curves are not shown in the graph due to considerable noise which is likely due to stress in the sample relaxing over the length of the sample at longer test times for the low frequency.  The ether samples show a trend of decreasing activation energy required to undergo the glass transition.  The ester based webs do not show the expected trend as both have approximately the same activation energy.  This is likely due to the high processing temperatures required for S60D which resulted in a large decrease in intrinsic viscosity of the S60D web which can be related to a high degree of molecular weight loss (shorter chain length are more mobile).  

[image: ]
[bookmark: _Toc372738176]Figure 70.  Ether and Ester based TPU web activation energy. 




Glass transition temperatures as a function of frequency are shown in Figure 71.  The solid lines represent the best fit for the glass transition temperatures determined from the 1, 10, and 100 Hz tan delta peaks.  To predict possible glass transition temperatures for the 4 layer sandwich composites at frequencies associated with high velocity impacts, the best fit solid lines were extended as dashed lines into the high frequency range.  As stated previously, the Tg should be close to the expected use temperature in order to exploit the energy consumption of the rubber to glass phase transition at impact.  The possible use temperature is dependent on the season and geographical region in which the material is used.  To cover a broad temperature range, 20° to 35°C (68° - 95°F) is blocked off in a frequency range of 500 to 10,000 Hz (Figure 71).  As stated previously, strain rates ranging from 104 to 106 are typically experienced with high velocity ballistic impacts.  The sacrificial armor (vest or helmet) will absorb much of that energy and the remaining strain of frequency of the propagating strain wave could range from 500 to 104 Hz.  There is no supporting literature for this theory but it is reasonable to expect reductions in the strain induced by high velocity impact as some energy will be absorbed and dissipated by the sacrificial armor before it is passed to the underlying sandwich composite.  The T92A sandwich composite is the only material in which the predicted Tg encompasses the region boxed off in the graph but only a small portion in the low frequency range.
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[bookmark: _Toc372738177]Figure 71.  Tg prediction at high frequencies.

[bookmark: _Toc372747110]4.1.3: TPU Nonwoven Web Screening Conclusions

The shore hardness D polymers were hard on the melt blowing equipment and required processing temperatures much higher than their melting temperatures to reduce the torque on the processing screw and prevent extruder overheating.  Also the glass transition temperatures at 100 Hz (64° and ~ 55°C) were higher than the expected use temperature (20 - 35°C) for the application and the transition from rubber to glass upon impact would not be exploited.  

The T85A polymer was somewhat difficult to process and due viscous nature of the higher soft segment content and low quenching (crystallization) temperature.  The webs collected were very soft and flexible.  It is likely that the lack of stiffness would cause difficulties in the coating experiments.  The Tg was also too low for the intended application.  The 92A shore hardness webs had good processability and the predicted Tg of the S92A in the high frequency range encompasses a small portion of the boxed area in Figure 71.  The T92A material showed poor damping in the Tan delta graphs and the Tg is not in a suitable range.  

Taking these conclusions into account, it was decided to use an ether based TPU of 90A shore hardness.  The chosen polymer and its properties are discussed in the following section.  

[bookmark: _Toc372747111]4.2: TPU Web for Nanofiller Reinforcing

Estane 58215 ether based 90A shore hardness TPU was used for reinforcement with nanoparticles.  The web was collected at a DCD of 40 cm with 30 psi air pressure.  No issues were experienced during melt blowing.  Intrinsic viscosity was found to decrease from 1.35 to 0.8 dL/g, a loss of 40%.  This is comparable to the previous intrinsic viscosity results for the screening TPUs.
The web properties and characteristics are listed in Table 11.  The webs were collected at 100 gsm basis weight.  The average fiber diameter was 4.2 um.  This was actually slightly lower than the 80 gsm webs averaged (4.7 – 7.7 um) despite a higher throughput (0.83 > 0.67 ghm).  The smaller fiber diameter is attributed to the higher air pressure (35 psi) utilized for this web.  This high strength and elongation at break suggest a web with high toughness suitable for energy absorption and dissipation.

[bookmark: _Toc372738104]Table 11.  T90A web properties.
	Method 
	Sample Avg. (std. dev)

	Basis Weight (gsm)
	100

	Fiber Diameter (μm)
	4.2 (1.4)

	Thickness (mm)
	0.47

	Air Permeability (ft3/min/ft2)
	 1100

	Modulus (psi) Machine/Transverse
	58/13.2

	Break Stress (psi)
	790

	Break Elongation (%)
	330





Figure 72 shows a DMA temperatue scan of the T90A 4 layer snadwich composite.  Peak temperatures for E” and tan delta are labeled and show shifts to higher tempertures with the increase in frequency for 10 to 100 Hz.  The E’ at low temperature doesn’t show improvemet with increasing frequency however, E” does therefore tan delta in also increased.  At higher temperatures, E” shows a larger improvement with increased frequency and therefore the tan delta at 100 Hz has an increased magnitude over the 10 Hz peak.  


[image: ]tan delta
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E’

[bookmark: _Toc372738178]Figure 72. T90A 4 layer sandwich DMA temperature scan.


Figure 73 shows the glass transition temperatures taken from the tan delta peaks at 1, 10 and 100 Hz as a function of frequency.  The solid line represents the best fit of the three data points.  The dashed line which represents the possible Tg at higher frequencies passes through a good portion of the boxed area for representative use temperatures and possible frequencies of strain the material may be under after impact.  This predicts the T90A material will undergo the phase transition from rubber to glass at impact.


[image: ]
[bookmark: _Toc372738179]Figure 73.  Prediction of Tg for T90A at high frequencies.


DSC scans of the unprocessed polymer and web are shown in Figure 74.  A low temperature and high temperature endotherm is observed in both scans with both endotherms showing and increase in peak temperature in the web over the polymer.  The 1st endotherm increases from 83°C in the polymer to 102°C in the web.  This endotherm could originate from a number of thermal transitions and will be further discussed in the following section.  The web Tm is increased to 185°C from 159°C of the polymer.  This is due to polymer chain orientation in the fiber and higher degree of crystallinity in the web as ΔH increased from 25 J/g for the polymer to 27 J/g in the web.  
The cooling curve in Figure 74 shows the web has faster crystallization kinetics.  The web crystallizes at a much higher temperature of 154°C while the polymer crystallizes at 98°C.  The enthalpy (ΔH) also increased from 8.7 J/g  in the polymer to 13.7 J/g in the web.  These increases are likely due to chain scission during processing with the shorter chains acting as nucleating agents and allowing greater mobility due to a shorter length which enabling them to diffuse in the melt and aggregate to form crystalline hard domains.

ΔH = 8.7 J/g
ΔH = 13.7 J/g
ΔH = 27 J/g
ΔH = 25 J/g

[bookmark: _Toc372738180]Figure 74.  T90A pellet and web melting and cooling curves.

The DSC thermograms of the annealed webs with a control web are presented in Figure 75.  T90A webs were annealed at 90°C and 130°C for 4 hours.  In the 90°C annealed thermogram, the 1st endotherm has shifted up 8° to 110°C from 102°C in the melt quenched web.  No increase in enthalpy (ΔH = 8 J/g) was found.  The 2nd endotherm maintained its shape and peak melting temperature however, a 1 J/g increase in ΔH was observed.  In the 130° annealed web, the 1st endotherm has shifted up to and merged with the 2nd endotherm.  Consequently, the enthalpy of the second endotherm increased to 35 J/g from 27 J/g in the melt quenched web.  The increase in enthalpy of 8 J/g is the amount of enthalpy the 1st endotherm shows for both the melt quenched web and the 90°C annealed sample.  The high end of the 2nd endotherm has also changed shape with an additional peak appearing at a temperature slightly lower than the labeled 185°C peak.  There was no change in the endset melting temperature.  
The cooling curves of the control and annealed webs are also presented in Figure 75.  Upon annealing, the crystallization kinetics are much slower and the peak crystallization temperature drops to 109°C for the 90°C and 130°C annealed webs from 154°C for the melt quenched web.  The enthalpy decreased from 13.7 J/g for the melt quenched web to 9.2 J/g for the 90°C annealed web and 10.4 J/g for the 130°C annealed web.  Similar phenomena were also observed by Hu [124] and Martin [131] with annealing of TPUs.  They found that a combination of the annealing, DSC heating regime, and isothermal melting before being cooled contributed to an increase in the polyurethanes molecular weight.  The increase in molecular weight resulted in lower crystallization temperatures and slightly higher enthalpy, the same as observed here.  They found that the molecular weight increase was due to recombination of urethane bonds which were dissociated during melt processing.  Many of the these recombination’s were found to be branching reactions which along with molecular weight increases would result in decreases in crystallization temperatures.

ΔH = 8 J/g 
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ΔH = 35 J/g 
ΔH = 10.4 J/g 
ΔH = 9.2 J/g 
ΔH = 13.7 J/g 

[bookmark: _Toc372738181]Figure 75.  Effects of annealing temperature on T90A webs.


Polyurethanes are known to show multiple endotherms on heating due to various transitions.  Their location and cause are dependent on the TPU composition including: length and type of hard and soft segments as well as the chain extender, composition ratio, synthesis or processing route, age, and storage or annealing conditions.  The TPUs used in this study were donated by Lubrizol, Inc. on condition the chemistry would not be identified, therefore a literature comparison accompanied with an annealing study was utilized to identify the cause of the 1st endotherm without revealing the nature of the TPU components.  
The complex thermal behavior of TPUs is well known and has been reported in numerous publications by Cooper and coworkers [118-123], Koberstein and coworkers [124-129], Martin [130-133], and others [134-137].  In general, 2 or three distinct endotherms are observed in TPU DSC experiments.  Polyurethanes which have a composition ratio of approximately 50% or lower by weight of hard segments have a discrete hard segment domain and show 2 endothermic peaks on heating above the melting temperature.  Polyurethanes which contain greater than 50% by weight hard segments have a continuous hard segment domain and show three endothermic peaks with the highest appearing at temperatures of 200°C and above.  The TPUs in this study all have two endothermic peaks which are below 200°C and therefore, as expected, all are composed of less than 50% by weigh hard segments.  
While it is consensus that the final endotherm observed in heating TPUs in DSC is due to melting of continuous and discrete hard segment microcrystalline domains, the lower temperature endotherms remain ambiguous with identifying their morphological origin.  The composition of polyurethanes can vary greatly and therefore show many different thermal behaviors and without knowing the composition ratio of hard and soft segments, the particular hard segment, chain extender, soft segment, and possible additives, identifying the underlying phenomena of the observed endotherms is extremely challenging if not impossible.
Early studies attributed the multiple endothermic behavior at temperatures below the microcrystalline melting endotherm to either hydrogen bond distribution effects or to two types of hydrogen bonds.  This was later proven incorrect as polyurethanes incapable of hydrogen bonding were found to show the low temperature endothermic peaks as well.  Other researchers have attributed the low temperature endotherms to intradomain ordering [121], the glass transition of the hard segment [134], and enthalpic relaxations [135].  The Koberstein-Stein [1128, 129] model was proposed for polyurethanes which exhibit 3 endotherms.  They indicate the 1st endotherm is found approximately 20° above the annealing temperature and is attributed to local reorganization of the hard domains and can be improved by annealing.  They explained this by solubility effects for which there is a critical hard segment sequence length below which hard segments dissolve within the soft microphase.  At low annealing temperatures, short and long hard segments separate from the soft microphase.  At low annealing temperatures, long hard segments have limited mobility and only short segments can align to form ordered structures.  As annealing temperatures increase, shorter hard segments become soluble in the soft microphases and the ordering process is due to progressively longer hard segments and the 1st endotherm eventually merges with the 2nd endotherm.  The second endotherm observed between 140 -200°C was attributed to intersegmental mixing of non-crystalline hard and soft segments.  They called this the Microphase Separation Transition (MST).  The final endotherm observed at temperatures of 200°C and greater was attributed to a combination of an order-disorder transition and microcrystalline domain melting in the hard segment rich phase.  Their model is widely accepted for polyurethanes which show 3 endotherms.  
Seymour [122, 123] proposed a theory for TPUs exhibiting 2 endotherms.  For the 1st endotherm, like Koberstein, he found the 1st endotherm could be improved by annealing resulting in an increase in the peak temperature with increasing temperature and time up to a point in which it merged with the higher endotherm.  They concluded that the 1st endotherm represents disruption of short range order of short poorly ordered hard segments within the hard microdomain.  The 2nd endotherm was attributed to disruption of long range order and melting of the microcrystalline domains.  This theory supports the observed changes in the T90A thermograms presented in Figure 75.

[bookmark: _Toc372747112]4.3: Compounded TPU/C60 Polymer and Webs 

DSC thermograms of the neat and compounded TPU/C60 melt blown webs are shown in Figure 76.  No change in the peak temperatures of the 1st and 2nd endotherms in the neat and 0.1% C60 webs are observed.  The 1st endotherm peak temperature of the 0.3% C60 web decreases to 91°C.  Using the theory by Seymour for occurrence of the 1st endotherm, this indicates the greater concentration of C60 creates a higher degree of disorder of shorter hard segments in the hard domain.  The enthalpy of the 2nd endotherm decreases with increasing concentration of C60 indicating the C60 inhibits the amount of crystallinity obtained in the webs.  As with the 1st endotherm, the C60 creates a higher degree of disorder, preventing the hard segments from aligning and crystallizing into microcrystalline domains.  The cooling curves in Figure 76 show very little change in the crystallization kinetics.  


ΔH =  13.5 J/g
ΔH =  24.3 J/g
ΔH =  13.6 J/g
ΔH =  12.8 J/g
ΔH =  22.3 J/g
ΔH =  21.5 J/g

[bookmark: _Toc372738182]Figure 76.  Melting and cooling curves of T90A/C60 compounded webs.





SEM Imaging
Scanning electron images of the neat and TPU/C60 at 0.1% wt loading collected at 20, 30, and 40 cm die-to-collector distances are shown in Figure 77.  The degree of fiber entanglement and roping in the webs is seen to increase with increasing DCD.  Total fiber adhesion is seen to occur to a greater extent in the TPU/C60 at 0.1% wt loading at 40 cm DCD compared to the neat webs.


[image: ]
[bookmark: _Toc372738183]Figure 77.  Neat (top) and TPU/C60 at 0.1% wt loading (bottom) at 20, 30, and 40 cm DCD.



Figures 78 and 79 show images of the TPU/C60 webs at 0.1% wt and 0.3% wt loading collected at 30 cm DCD respectively.  The C60 is clearly seen embedded in the surface of the 0.1% wt webs but not the 0.3% wt webs.  Close examination of the 0.3% wt web images shows the fibers are larger and there is a much greater degree of total fiber-to-fiber adhesion.  This could be due to differences in the rheological properties of the resins with addition of C60 nanoparticles at different loadings.  With larger fiber diameters, it is possible the C60 is able to remain embedded in the fibers. 

[image: ]
[bookmark: _Toc372738184]Figure 78.  Melt blown TPU/C60 webs at 0.1% wt. C60 loading collected at 30 cm DCD.


[image: ]
[bookmark: _Toc372738185]Figure 79.  Melt blown TPU/C60 webs at 0.1% wt. C60 loading collected at 30 cm DCD.


Fiber Diameter and Distribution
The average fiber diameters of the webs collected at increasing DCDs are shown in Figure 80.  The average fiber diameter increases with increased C60 loading.  The control webs show a slight decrease in average fiber diameter with increasing DCD from 5.3 um at 20 cm to 3.9 um at 40 cm.  This is likely due to the fibers chosen for measurement as it is known that DCD has little to no effect on fiber diameter past 10 cm.  Fibers which show adhesion to other fibers are not measured and there is a greater degree of total fiber adhesion with increasing DCD leaving fewer fibers to measure.  Air turbulence in melt blowing becomes uneven with increasing distance from the die and fibers come into contact with neighboring fibers and consequently adhere to one another.  The TPU/C60 webs at 0.1% wt loading maintain an average fiber diameter of ~6.5 um with increasing DCD while the 0.3% wt loaded web has an average fiber diameter of ~ 7 um.   The error (standard deviation) is also seen to increase with C60 loading.  The fiber diameter histograms in Figure 81 show this clearly.  The control webs show a decreasing distribution as the DCD is increased.  The TPU/C60 webs with 0.1% wt loading show a larger distribution but the web collected at 30 cm DCD shows optimal collection with the narrowest distribution at that loading.  The TPU/C60 web a 0.3% wt loading shows a large distribution with fiber diameters up to 18 um measured.  Note the larger scale of the 0.3 % wt graph while the control and 0.1% wt loading graphs have equal scales.  


[image: ]
[bookmark: _Toc372738186]Figure 80. Average fiber diameter of T90A/C60 webs as function of DCD.
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[bookmark: _Toc372738187]Figure 81.  Fiber distributions of T90A/C60 webs.

Break Strength and Elongation
Break strength and elongation as a function of DCD are shown in Figure 82.  Break strength decreases with increased C60 loading.  The web strength is approximately equal with increasing DCD from 10 to 30 cm DCD.  With further increase to 40 cm the neat and 0.1% webs show approximately equal drops in strength.  A discussed previously, this is due to a lower degree of fiber-to-fiber bonding.  The elongation at break increases with C60 loading however the 0.3% falls between the neat and 0.1% C60 webs.  
Typically, addition of high modulus nanoparticle to polymers increases their strength and decreases the elongation properties.  The opposite effects are observed in these materials.  This is likely due to the fact that nonwoven mechanical properties are dominated by the web properties involving fiber-to-fiber bonding, entanglements, and roping.  However, as shown in Figure 76, these webs crystallized at approximately the same temperature so they should have approximately the same degree of fiber-to-fiber contacts at the respective DCDs.  Therefore, it is likely that the differences in the mechanical properties are due to the degree of fiber entanglement, roping and fiber diameter.  It is well known that fibers with smaller diameter are show greater strength than larger fibers.  It was observed in Figures 80 and 81that fiber diameter in these webs increased with increased C60 loading.

[image: ]
[bookmark: _Toc372738188]Figure 82. Break force and elongation of T90A/C60 webs in the machine direction.


Pore Size
The average pore diameter was found to show a large increase with loading of C60. (Figure 83).  The neat and 0.1% samples show similar trends with increasing DCD.  There was little change in average pore diameter from 20 to 30 cm DCD and an increase in diameter at the 50 cm DCD due to a high degree of total fiber adhesion. 

Air Permeability and Pore Size
The air permeability is presented in Figure 83.  As expected after analysis of the average pore sizes, the loaded samples had higher permeability values.  The permeability of the 0.1% shows a steeper increase with increasing DCD compared to the neat samples.  The 0.3% shows a much larger increase in air permeability when compared to the average pore size increase from 0.1% to 0.3% C60.  This indicates a broader distribution of pore sizes with larger pores having a greater influence on the air permeability.
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[bookmark: _Toc372738189]Figure 83. Air permeability and avg. pore diameter of TPU/C60 webs.







[bookmark: _Toc372747113]CHAPTER 5: Nano-reinforced Sandwich Composite Results

[bookmark: _Toc372747114]5.1: Dip Coating

Continuous Dip Coating
SEM images of continuously coated Estane/30B webs of 1 and 5% are shown in Figure 84.  It is clear that the 5% sample contains more nanoclay than the 1%.  This was observed in numerous samples.  The dispersion of the clay however is not uniform.  While some smaller clay particles are seen, most are agglomerated in patches spread about.  

[image: C:\Users\JFo\Pictures\continuous coating nanoclay.jpg]
[bookmark: _Toc372738190]Figure 84.  Estane TPU continuously coated with Cloisite 30B nanoclay. a.) 1%, b.) 5%

DMA results are presented in Figure 85.  These 30 gsm webs were hot pressed into 16 layer sandwiches with 115°C heat at 120 seconds under 11 tons of pressure.  Both E’ and E” are reduced with loading of nanoclay.  It was noticed during the coating process that the webs were heavily saturated with solvent.  With this heavy saturation, the dryer had to be set at 130°C to dry the webs before winding.  The combination heavy solvent saturation and high drying conditions is believed to be the cause for the observed decreases in E’ and E”.  The poor nanoclay dispersion is likely to have also contributed to the observed decrease.

 
[bookmark: _Toc372738191]Figure 85.  DMA of 16 layer continuously coated webs with Cloisite 30B nanoclay.


Individual Dip Coating
DMA scans of the Cloisite 30B nanoclay single coated webs is shown in Figure 86.  These 100 gsm webs were hot pressed into 4 layer sandwiches at a temperature of 90°C for 55 seconds and 11 tons of pressure.  E’ shows a slight increase for the 5% loaded sample while the 3% and 1% loaded sandwiches decreased E’. The 1% loaded sandwich showed an extremely large decrease.  E” showed an increase with 3% and 5% loadings.  


[bookmark: _Toc372738192]Figure 86.  DMA of 4 lay individual coated Cloisite 30B nanoclay samples.


The DMA results of the frequency sweeps on the C60 4 layer single coated sandwiches are shown in Figure 87.  These sandwiches were pressed under the same conditions as the 4 layer nanoclay coated sandwiches.  No increase in E’ or E” was observed.  The control sample in the E’ graph is overlaid with the 3% loading curve.  The SEM images of the C60 single coated webs at 1 and 5% are presented in Figure 88.  Aggregation and agglomeration is clearly visible and likely the cause of decreased E’ and E”.  The degree of aggregation and agglomeration increases with increased loading.  

 
[bookmark: _Toc372738193]Figure 87.  DMA of 4 layer single dip coated C60 composites.
[image: C:\Users\JFo\Pictures\single dip C60.jpg]
[bookmark: _Toc372738194]Figure 88. Single dip coated C60 webs. a.) 1%, b.) 5%

[bookmark: _Toc372747115]5.2: Continuous Ultrasonic Spray Coating 

Trial 1
SEM images of the webs from Trial 1 are presented in Figure 89.  As the POSS is a clear gel at room temperature, it is difficult to see on the fiber surface.  The C60 webs show even dispersion but the fillers formed small aggregates.  Aggregation increased with increased 60 loading.

[image: ]
[bookmark: _Toc372738195]Figure 89.  SEM images of Trial 1 sprayed webs.  

The 4 layer sandwich composites were hot pressed at 90°C for 55 seconds with 11 tons of pressure.  Figure 90 shows the DMA results for the C60  sandwich composites from Trial 1.  All wt%’s show clear improvement in E’ and E” over the control sample with the 1% having the largest increase and 5% the least.  The POSS samples (Figure 91) show the 5 wt% giving a small improvement in E” while E’ is reduced with POSS loading.  Overall, the 1 % C60 showed the largest increase over the control with E’ = ~90 MPa at 100 rad/s from ~ 30 MPa.  Some delamination was visible in the samples after testing.  This could have generated lower values for E’ and E” therefore Trial 2 samples were pressed at longer times and temperatures.  Also, observation of the process and SEM images indicated the spray system optimal volume flow rate ranged between 20 and 30 ml/min with belt speed at approximately 0.5 m/min.  

 
[bookmark: _Toc372738196]Figure 90.  Trial 1 DMA results for C60 sandwich composites.


 
[bookmark: _Toc372738197]Figure 91.  Trial 1 DMA results for POSS.







Trial 2
Figures 92-94 show the sprayed surface of the TPU web with C60, graphite, and INT’s respectively.  The dispersion of the C60 was much better than that in Trial 1 though some 2-4 micron aggregates can be found in random patches with increaing add on percent (Figure 92).  


[image: ]
[bookmark: _Toc372738198]Figure 92.  SEM images of C60 sprayed webs form Trial 2. (1000 and 5000 magnification)


The graphite webs show excellent dispersion with only a few very small aggregates visible (Figure 93).  The INT’s also had good dispersion with very few aggregates (Figure 94).  The surfactant is also seen as a film connecting adjacent fibers.   This may have limited the degree to which E’ and E” increased with additon of the INTs.  The INTs have the greatest strength of all the nanofillers used in this reasearch and consequently it was expected they would have given the greatest increase in moduli, especially with the good dispersion observed in the SEM images.  



[image: ]
[bookmark: _Toc372738199]Figure 93.  SEM images of graphite sprayed webs from Trial 2.  (1000 and 5000X)



[image: ]
[bookmark: _Toc372738200]Figure 94.  SEM images of INT sprayed webs from Trial 2.  (1000 and 5000X)
 
[image: ]
[bookmark: _Toc372738201]Figure 95.  SEM imagers of hot pressed C60 sandwich composites: top layer, 3rd layer, and cross-section.




Figures 95 and 96 show SEM images of the top layer, 3rd layer, and cross-sections of the C60 and graphite sandwich composites.  As clearly seen, the fiber structure was maintained with the hot pressing for sandwich composite fabrication.   


[image: ]
[bookmark: _Toc372738202]Figure 96.  SEM imagers of hot pressed graphite sprayed webs of 3rd and top layer.



The DMA results for Trial 2 are presented in Figures 97-99.  As delamination was noticed in Trial 1 ssamples, hot pressing of the Trial 2 4 layer sandwich composites were performed at 95°C for 60 seconds with 11 tons of pressure.  No delamination was visible after testing.  The 0.2 wt% for all three nanofillers showed the largest improvement in E’ and E” due to the better dispersion observed in the respective SEM images.  

  
[bookmark: _Toc372738203]Figure 97.  Trial 2 C60 4 layer sandwich composites.


 
[bookmark: _Toc372738204]Figure 98. Trial 2 Graphite 4 layer sandwich composites.

 
[bookmark: _Toc372738205]Figure 99.  Trail 2 INT 4 layer sandwich composites.


Table 12 summarizes the E’ and E” averages at 1 and 100 rad/s of Trial 2.  The 0.2 wgt% C60 shows the largest improvement reaching an E’ of 495 MPa.  This is more than a 15 fold increase over the control, 30.6 MPa.  This is also much larger than the 90 MPa of the 0.2 wt% achieved in Trial 1.  The 0.2 wt% graphite E’ improved to 177 MPa while the 0.2 wt% INT’s E’ was 78.8 MPa at 100 rad/s.  There was not any literature found in which nanoparticles have been sprayed onto nonwoven surfaces or even polymeric materials to reference results of this type of nanocomposite.  However, research on nanocomposites in which the nanoparticles are embedded into the matrix have shown improved storage and loss modulus at low concentrations of nanoparticles but not to the levels observed here [99-101].


[bookmark: _Toc372738105]Table 12.  Summary of DMA data at 1 and 100 rad/s for Trial 2.
	wt%
	E' (MPa)
	E" (MPa)

	C60
	1
	100
	1
	100

	0
	20.6
	30.6
	2.39
	4.58

	0.2
	340
	495
	37.4
	73.9

	0.6
	170
	249
	19.6
	36.7

	1
	127
	187
	15.4
	28.1

	Graphite
	 
	

	0.2
	120
	177
	13.8
	27.5

	0.6
	34.6
	50.2
	4.02
	7.86

	1
	48.6
	71.5
	5.54
	11.1

	INT
	 
	

	0.2
	48.2
	78.8
	8.81
	13.8

	0.6
	26.4
	41.6
	5.52
	7.75

	1
	39.8
	70.4
	7.86
	12.4




[bookmark: _Toc372747116]5.3: TPU/C60 Compounded Sandwich Composites

Figure 100 shows a frequency sweep of the 4 layer TPU/C60 compounded sandwich composites and the neat sample.  The samples were hot pressed at 95°C for 45 seconds with 11 tons of pressure.  The 0.3% loaded sample shows a clear improvement of ~ 20 MPa or 25% across the frequency range for E’ and E”.  The 0.1% sample shows only a very small improvement and is essentially overlaid on the neat sample.  All samples show an increasing slope over the frequency range tested.  



[bookmark: _Toc372738206]Figure 100.  Frequency sweep of 4 layer neat and TPU/C60 compounded sandwich composites.






Temperature scans of are shown in Figure 101 for 10 and 100 Hz.  The 0.3% sample shows a good improvement in E’ and E” over the entire temperature range while the 0.1% sample is overlaid on the neat sample data showing no improvement.  The tan delta curve shows no improvement in dampening with addition of C60 at the loadings investigated however, there is a clear improvement in the E” curve with 0.3% loading.  The lack of improvement in the tan delta is due to the equal improvement in the E’ and E” curves as the ratio for tan delta stays the same.  The 100 Hz scan shows an increased Tg to 16.8°C from 8.43°C at 10 Hz.  All samples show the same Tg for both scans indicating addition of C60 at the loadings investigated had no effect on the soft segment mobility.

The DMA results presented in Figures 100 and 101 show similar improvements in storage and loss moduli observed by other researchers for addition of carbon nanotubes to polyurea [41] and polyurethane [94-98].  Similar results were also found for addition of cellulose nanocrystals and silica nanoparticles to polyurethane [100, 101].  



  10 Hz
100 Hz

[bookmark: _Toc372738207]Figure 101. Temperature scan of 4 layer neat and T90A/C60 compounded sandwich composites at 10 and 100 Hz.
 


[bookmark: _Toc372747117]5.4: Spray and Compounded C60 sandwich Composite Comparison


Figure 102 shows bulk density of the T90A polymer, T90A single layer web, T90A (Control) 4 layer sandwich composite, C60 sprayed 4 layer sandwich composites, and C60 compounded 4 layer sandwich composites.  The sprayed webs are abbreviated a Syy and compounded webs as Cyy where S and C stand for sprayed and compounded while yy is the % C60 loading.  The T90A polymer has a density of 1.14 g/cc and the T90A single layer web has a bulk density of 0.221 g/cc.  Therefore the T90A single layer web has ~ 80% porosity.  The C60 sprayed 4 layer sandwich composites show a gradual increase in bulk density with increase C60 % wt add on from the T90A control, indicating less porosity with increasing sprayed C60 content.  The compounded C60 4 layer sandwich composites both show a lower bulk density than the control x4 sandwich, indicating greater porosity.  This coincides with the air permeability and pore size data of the melt blown C60 compounded web data in Figure 80.  



[image: ]
[bookmark: _Toc372738208]Figure 102.  Bulk Density


Frequency sweeps of the 0.3% C60 compounded and 0.2% C60 sprayed sandwich composites are shown in Figure 103.  The 0.2% sprayed sandwich shows much greater improvement in E’ and E”.  After analysis of the data in Figure 104, this is not surprising.  This indicates the spraying method provides a greater reinforcement with addition of C60 onto the preformed TPU webs.  



[image: ]
[bookmark: _Toc372738209]Figure 103.  Frequency scan at room temperature of spray and compounded sandwich composites.



A rough estimate of the storage modulus (E’) of the compounded and sprayed sandwich composites may be theoretically found using the rule of mixtures for upper (Eq. 24) and lower (Eq. 24) bound cases and compared with the experimental results [138 – 140]. 



                                                                          ( 24 )

                                                                                      ( 25 )


Here, Ec is the storage modulus of the sandwich composite, EM is the storage modulus of the sandwich composite without C60 loading (59.5 MPa for the compounded and 30.6 for the sprayed control sandwich composites at 100 Hz).  The difference in the compounded and sprayed sandwich composite moduli arises from the different web structures developed with the different process conditions and equipment used in melt blowing the webs.  EC60 is the modulus of the C60 nanoparticles (14 GPa [108]), while ɸM and ɸC60 are the volume fractions of the sandwich composite and C60 which sum to unity.  Mass fraction was related to volume fraction by ɸC60 = Mf * ρM/ρC60, where ρM (1.14 g/cc [145]) and ρC60 (1.72 g/cc [108]) are the sandwich composite and C60 densities respectively.  The theoretical and experimental storage moduli for the C60 compounded and sprayed sandwich composites are shown in Table 13.


[bookmark: _Toc372738106]Table 13.  Theoretical and experimental storage moduli.
	
	
	Theoretical E' (MPa)
	

	Reinforcement Method
	Weight %
	Volume Fraction
	Upper Bound
	Lower Bound
	Measured E' at 100 Hz(MPa)

	Compounded
	0.1
	0.0007
	69.3
	58.8
	60.4

	
	0.3
	0.0020
	87.4
	59.6
	76.4

	Sprayed
	0.2
	0.0013
	32.4
	30.6
	495

	
	0.6
	0.0040
	86.5
	30.7
	249

	
	1.0
	0.0070
	123
	30.8
	187





The experimental values of E’ for the compounded samples fall between the calculated theoretical upper and lower bound values for both weight percent’s.  For the sprayed samples, the model severely underestimates the measured moduli.  This could be due to a discrepancy of the loading of C60 produced during spraying.  For instance, for the 0.2% sprayed composite, if the volume fraction is actually 0.04 instead of 0.0013, the theoretical E’ is 589 MPa.  More sophisticated models such as the Paul [141], Counto [142], Takayanagi [143], and Guth [144] all give similar results when compared to the rule of mixtures employed here.  

Figure 104 shows SEM images of the cross-sections for liquid nitrogen fractured surfaces of the neat, C60 1% sprayed, and C60 0.3% compounded 4 layer sandwich composites.  The neat and 1% sprayed sandwich composites show similar fractured surfaces sowing wave-like fracture steps.  The 0.3% compounded composite show a jagged surface indicating the C60 nanoparticles resist fracture.  This is due to the fact that they are in the polymer matrix while the sprayed C60 is on the web surface.  With C60 embedded in the polymer of the compounded composites, loading is transferred to the C60 and the composites respond with higher fracture toughness.  
[image: ]
[bookmark: _Toc372738210]Figure 104.  Cross-section of liquid nitrogen fractured samples.
[bookmark: _Toc372747118]5.5.  High Frequency Response


Figure 105 shows the resonance (natural) frequencies of the materials tested for high frequency response with the mini-shaker.  The 4 layer composites tested were the C60 spray samples (abbreviated SC followed by the add on wt% without the decimal) and the compounded C60 samples (CC followed by the add on wt% without the decimal).  The control and Teflon which the samples were mounted on for support are also presented.  All samples tested showed 4 resonant frequencies in similar frequency ranges.  The 3rd and 4th modes are in the high frequency range of interest.




1st mode
2nd  mode
3rd mode
4th mode

[bookmark: _Toc372738211]Figure 105.  Frequency response curves
 


[bookmark: _Toc372738212]Figure 106.  Damping Curves for 3rd mode



Figure 106 shows the dampening ratio determined from the frequency response curves in Figure 105.  The 3rd mode of the materials shows the highest damping with the peaks of the different samples occurring between 600 and 700 Hz.  It is clear that addition of the C60 nanoparticles increased damping over the control alone.  Also, at the peak frequencies, the Teflon shows lower damping than the sandwich composites.  Figure 109 shows the peak damping ratio for each sandwich composite at the 3rd (600 – 700 Hz) and 4th (1200 – 1350 Hz) modes.  For the 3rd mode, the compounded 0.3% C60 sample has the highest damping ability at 0.37 over 0.29 of the control.  This is contrast to the DMA results at lower frequencies.  This is could arise due to the higher frequency engaging the C60 contracting and expanding action of its structure as the C60 may also resonate at this frequency range.  This may not occur at the lower frequencies used in DMA.  The E’ and E” improvements in DMA are likely due to a reinforcing action of the C60, making the materials stiffer.  These sandwich composites fabricated here show much higher damping when compared to E-glass/Polyurethane foam sandwich composites tested on the same equipment by Vaidya [146].  In a similar frequency range, his highest damping material had a damping ratio of 0.007, which is 98% lower than what was observed for the 0.3% compounded composite here.

 At frequencies ranging from 1200 to 1340 Hz, the sprayed sandwich composites show higher damping ability than the compounded C60 composites.  This indicates the materials response at higher frequencies is dominated by stiffness as the sprayed samples showed higher moduli in DMA testing.  Vaidya also tested carbon-carbon composites and metal foam composites in this frequency range [147, 148].  The carbon-carbon composites showed similar damping ratios to what was observed here, however those materials possessed much greater stiffness.  The metal foam composites had damping ratios ranging from 0.005 to 0.07.  



         3rd Mode
600 – 700 Hz Hz.
4th Mode
1200 – 1350 Hz HzHz.

[bookmark: _Toc372738213]Figure 107.  Damping of 3rd and 4th modes

[bookmark: _Toc372747119]CHAPTER 6: CONCLUSIONS
[bookmark: _Toc372747120]6.1: TPU Screening

Melt Blown TPU webs

Thermoplastic polyurethane polymers with aromatic based hard segments and ether or ester based soft segments with shore hardness ranging from 60D to 85A were melt blown into nonwoven microfiber webs.  The webs were collected at multiple die-to-collector distances (DCD) and air pressures to analyze the changes in web structure and properties.  Web strength at break was found to decrease with shore hardness while elongation at break increased with decreasing shore hardness.  Ester based webs possessed greater strength due to a higher degree of hydrogen bonding and lower degree of phase separation [30].  Web strength and elongation at break decreased with increasing DCD while higher air pressure increased both.  Web mechanical properties were found to be largely dependent on the degree of fiber-to-fiber bonding in the webs which decreases with increasing DCD due to the fibers being cooler once landing on the collection belt.  At low DCDs, the fibers are close to the melt temperature and are able to form a high degree of fiber-to-fiber bonding points.  The average fiber diameter of the S92A and T85A webs decreased with increasing air pressure while the S60D, T55D, and T92A webs showed very little change.  The average pore size and air permeability were both found to increase with increasing DCD and decrease with increasing air pressure.  At higher air pressure, the fibers travel at a faster rate to the collection belt and consequently, they are at a higher temperature and form a more consolidated web with greater fiber-to-fiber bonding.  The shore hardness D polymers required high processing temperatures in order to prevent overheating of the extruder and consequently lost over 50% if the polymer intrinsic viscosity.  The shore hardness 85A polymers were difficult to collect and exhibited low stiffness which would create difficulties in coating experiments.  


Dynamic mechanical analysis temperature scans indicate the storage modulus increases with increasing shore hardness while the magnitude of tan delta decreases with increasing shore hardness.  The glass transition was found to increase with shore hardness and frequency.  In order to exploit the transition from rubber to glass phase at high velocity impact, a ether based soft segment TPU of 90A shore hardness was chosen.  Its glass transition was found to be in the range of expected use temperature and its predicted glass transition also fell within the range of high frequencies associated with high velocity impacts.  It also had the best processability of the polymers.  

[bookmark: _Toc372747121]6.2: Nanoparticle Reinforced Sandwich Composites

Coated Sandwich Composites

The dip coating methods provided little to no improvement in storage and loss moduli of the sandwich composites at 1, 3, and 5 add on weight percent for nanoclay and C60.  The continuous coating method over-saturated the webs and required high drying temperatures.  Dispersion of the nanoclay was also poor with random aggregation.  The individual dip coating with nanoclay and C60 had very poor dispersion of the nanoparticles.  A high degree of aggregation and agglomerates were observed with SEM imaging.  

The continuous spray coating with the Sono-Tek system was conducted with two trials.  In trial 1, the concentration of the nanoparticle solutions was maintained while the volume flow rate and belt speed were changed to achieve the desired add on weight percent of nanoparticles.  The webs had to be coated on both sides with half of the desired add on weight percent to achieve 1, 3, and 5% by weight add on.  This was done to stay under the solubility limit of the nanoparticles in their respective solvent.  Good improvements in storage and loss moduli were observed at C60 loadings of 1 and 3 percent by weight.  The 5 wt% C60 loading had no improvement.  SEM analysis showed good dispersion at the 1% add on level with some aggregation of the nanoparticles.  Dispersion decreased and the degree of aggregation increased with increased loading.  The POSS nanoparticles showed no improvement in moduli.

In trial two, the volume flow rate and belt speed were held constant while the nanoparticle solution concentration was changed to achieve the desired add on weight percent of nanoparticles.  Add on weight percent of 0.2, 0.6, and 1 were investigated with C60, graphite, and tungsten disulfide inorganic nanotubes (INT).  These lower percent’s gave much higher improvements in the storage and loss moduli.  A uniform dispersion was found at all 0.2% loadings.  Aggregation and some non-uniform dispersion were observed with increased loading and some agglomerations were found at the 1% loading.  The 0.2 wt% showed the greatest improvement for all the nanoparticles investigated.  The 0.2 wt% C60 shows the largest improvement reaching an E’ of 495 MPa.  This is more than a 15 fold increase over the control, 30.6 MPa.  The 0.2 wt% graphite improved to 177 MPa while the 0.2 wt% INT’s E’ was 78.8 MPa at 100 rad/s.  

Compounded TPU/C60 Sandwich Composites

TPU/C60 blends were melt blown at loadings of 0.1 and 0.3 weight percent and fabricated into sandwich composites. The 0.3% composites showed 25% improvement in storage and loss moduli over the control.  The 0.1% loading gave no improvement.  The level of improvement of the 0.3% C60 compounded sandwich composite was found to be six times less than that of the 0.2% sprayed composite.

[bookmark: _Toc372747122]6.3: High Frequency Testing

All sandwich composites with C60 loading showed improved damping over the control. At the third resonant mode for the TPU where frequencies ranged between 600 and 700 Hz, the compounded 0.3% C60 composite showed the greatest damping ability with a damping ratio of 0.37 compared to 0.29 for the control.  At the fourth resonant mode with frequencies between 1200 to 1350 Hz, the sprayed composites showed greater damping ability than the compounded with the 0.6% composite having the greatest damping ratio at 0.26 while the control dropped to 0.09.  In all cases, the damping ratios were more than an order of magnitude higher than those reported in literature for E-glass/polyurethane foams and metal composite foams [146, 148].

[bookmark: _Toc372747123]6.4:  Overall Conclusions

This study has shown that one can produce flexible composite structures suitable for energy absorption by reinforcing polyurethane nonwoven webs with high strength and high modulus nanoparticles.   To determine the appropriate TPU for the application, a series of TPUs with different shore hardness were melt blown to investigate processability, web structure, mechanical, and thermal properties.  It was determined that a TPU of 90A shore hardness was most suitable and possessed a glass transition in the ideal range to exploit the transition from rubber to glass phase to allow for large amounts of energy dissipation upon high velocity impact.  The ultra-sonic spray coating method produced the most uniform dispersion of nanoparticles and greatest improvement in the dynamic mechanical properties of the reinforcement methods investigated.  A high degree and quality of dispersion was obtained at the lowest add on weight percent of nanoparticles investigated, 0.2%, which consequently gave the greatest property improvement.  Of the multiple nanoparticles used for reinforcement, C60 provided the greatest improvement in damping ability.  With optimized spray coating parameters, the storage and loss moduli of the C60 reinforced sandwich composite at 0.2% by weight loading showed and improvement of 15 times over the control sample.  



[bookmark: _Toc372747124]6.5: Recommendations for further work

· High Strain rate testing with a Split-Hopkinson Pressure Bar or similar high strain rate testing technique should be utilized to determine the sandwich composite response.
· Firearm or gas gun impact testing with the sandwich composites as a backing on traditional sacrificial armor such as Kevlar vest and hard ceramic plates to analyze the quantity of energy dissipated when the remaining energy of a ballistic impact is passed to the underlying sandwich composite.
· Further analysis on the sprayed sandwich composites to determine the exact mechanisms giving it greater dynamic properties when compared to the compounded composites at low strain rates.
· Investigations of increasing the number of layers or plies in the sandwich composites.
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Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	20.615666666666666	20.831666666666667	21.036666666666665	21.248999999999999	21.431333333333331	21.617999999999999	21.807666666666666	22.005333333333333	22.208333333333332	22.425000000000001	22.624666666666666	22.771333333333331	23.009666666666668	23.217666666666666	23.395999999999997	23.61033333333333	23.85733333333333	24.065666666666665	24.294	24.49733333333333	24.724999999999998	24.988	25.199333333333332	25.441666666666666	25.690333333333331	25.985666666666667	26.251333333333331	26.483999999999998	26.750666666666667	27.026	27.308999999999997	27.593999999999998	27.887	28.187666666666665	28.508333333333329	28.827999999999999	29.166	29.484333333333332	29.873666666666665	30.259	30.637666666666668	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	1.6655	1.7039	1.7356	1.7595499999999999	1.7883500000000001	1.8109500000000001	1.8367	1.85225	1.8805000000000001	1.90205	1.92475	1.9479	1.97075	1.9987999999999999	2.0246499999999998	2.0441500000000001	2.07165	2.09565	2.1141999999999999	2.1448	2.1692499999999999	2.1946500000000002	2.2245499999999998	2.2519999999999998	2.2784499999999999	2.3062499999999999	2.3382999999999998	2.3588	2.3859499999999998	2.4093	2.4486500000000002	2.4897999999999998	2.5194999999999999	2.5240499999999999	2.5426500000000001	2.5879500000000002	2.63245	2.65265	2.6812499999999999	2.6922000000000001	2.7082000000000002	3%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	15.4855	15.6625	15.810499999999999	15.9575	16.098500000000001	16.236999999999998	16.388000000000002	16.523499999999999	16.669499999999999	16.825500000000002	16.977	17.123999999999999	17.299499999999998	17.440000000000001	17.5915	17.7485	17.920999999999999	18.0945	18.262499999999999	18.434000000000001	18.616499999999998	18.795999999999999	18.978000000000002	19.1755	19.36	19.568000000000001	19.7575	19.966999999999999	20.178999999999998	20.393000000000001	20.605499999999999	20.832000000000001	21.035	21.268000000000001	21.490500000000001	21.727499999999999	21.974499999999999	22.228999999999999	22.486000000000001	22.711500000000001	22.997499999999999	5%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	24.4285	24.717500000000001	24.966999999999999	25.219000000000001	25.457999999999998	25.693999999999999	25.923999999999999	26.152999999999999	26.4	26.614999999999998	26.853999999999999	27.120999999999999	27.371500000000001	27.624500000000001	27.860499999999998	28.113	28.39	28.645499999999998	28.923999999999999	29.196000000000002	29.474499999999999	29.761500000000002	30.056999999999999	30.355	30.591000000000001	30.876999999999999	31.196999999999999	31.5045	31.824999999999999	32.088000000000001	32.419499999999999	32.759500000000003	33.110500000000002	33.460500000000003	33.826999999999998	34.223500000000001	34.581000000000003	34.988500000000002	35.380499999999998	35.776499999999999	36.158000000000001	Ang. Freq. (rad/s)

E' (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	1.0861000000000001	1.0621	1.0500499999999999	1.0418000000000001	1.0392999999999999	1.0498499999999999	1.05145	1.0687	1.0683	1.07735	1.0754999999999999	1.0962000000000001	1.1135999999999999	1.12175	1.1415	1.1498999999999999	1.1633	1.1816500000000001	1.20085	1.2233499999999999	1.2293499999999999	1.2522500000000001	1.2701499999999999	1.2927500000000001	1.3101499999999999	1.3402499999999999	1.36435	1.3804000000000001	1.4149499999999999	1.43445	1.45425	1.4906999999999999	1.5103	1.5391999999999999	1.5771500000000001	1.5969500000000001	1.6248499999999999	1.6532	1.6372500000000001	1.66435	1.73075	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	0.28397	0.27715499999999998	0.28299000000000002	0.27543499999999999	0.27673999999999999	0.28458	0.28060499999999999	0.29216500000000001	0.29591499999999998	0.291155	0.29876999999999998	0.30554500000000001	0.30103999999999997	0.31925500000000001	0.31964500000000001	0.32632	0.32817000000000002	0.325575	0.33740999999999999	0.34446500000000002	0.350275	0.35250999999999999	0.35837000000000002	0.37407499999999999	0.38567000000000001	0.39119999999999999	0.397065	0.40164499999999997	0.40386	0.40708499999999997	0.42107499999999998	0.41803000000000001	0.42811500000000002	0.44509500000000002	0.45211499999999999	0.46448	0.45124999999999998	0.48721999999999999	0.46647	0.47034500000000001	0.51109000000000004	3%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	2.1789999999999998	2.1704500000000002	2.17055	2.1838500000000001	2.1991999999999998	2.21	2.2198500000000001	2.2602000000000002	2.2919999999999998	2.3283	2.3469000000000002	2.36395	2.4073000000000002	2.4378500000000001	2.4738000000000002	2.5057999999999998	2.5417999999999998	2.5767500000000001	2.6208499999999999	2.6589	2.7066499999999998	2.7497500000000001	2.7938499999999999	2.8399000000000001	2.8793000000000002	2.9493999999999998	2.99275	3.044	3.097	3.1555	3.20275	3.2580499999999999	3.3127499999999999	3.3744999999999998	3.4098999999999999	3.4903499999999998	3.5292500000000002	3.5815999999999999	3.6593499999999999	3.7168999999999999	3.71515	5%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	3.4696500000000001	3.4573999999999998	3.4563999999999999	3.4790000000000001	3.4880499999999999	3.5184500000000001	3.5570499999999998	3.5855000000000001	3.6253000000000002	3.6770999999999998	3.71495	3.7686000000000002	3.8165499999999999	3.85365	3.90205	3.9548000000000001	4.0101000000000004	4.0706499999999997	4.1259499999999996	4.1949500000000004	4.2504999999999997	4.3231000000000002	4.3906999999999998	4.45505	4.5266000000000002	4.6064999999999996	4.6923000000000004	4.7637999999999998	4.8396999999999997	4.9234499999999999	5.0042999999999997	5.0880000000000001	5.1715499999999999	5.258	5.3354499999999998	5.4191000000000003	5.5068000000000001	5.5997500000000002	5.6643499999999998	5.7337999999999996	5.8186499999999999	Ang. Freq. (rad/s)

E" (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	20.615666666666666	20.831666666666667	21.036666666666665	21.248999999999999	21.431333333333331	21.617999999999999	21.807666666666666	22.005333333333333	22.208333333333332	22.425000000000001	22.624666666666666	22.771333333333331	23.009666666666668	23.217666666666666	23.395999999999997	23.61033333333333	23.85733333333333	24.065666666666665	24.294	24.49733333333333	24.724999999999998	24.988	25.199333333333332	25.441666666666666	25.690333333333331	25.985666666666667	26.251333333333331	26.483999999999998	26.750666666666667	27.026	27.308999999999997	27.593999999999998	27.887	28.187666666666665	28.508333333333329	28.827999999999999	29.166	29.484333333333332	29.873666666666665	30.259	30.637666666666668	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	12.0595	12.173999999999999	12.260999999999999	12.349500000000001	12.445	12.535	12.6335	12.723000000000001	12.823499999999999	12.920500000000001	13.016	13.132999999999999	13.222	13.3345	13.433	13.548500000000001	13.663	13.759	13.887499999999999	13.991	14.112	14.234500000000001	14.3545	14.519500000000001	14.6065	14.772	14.906000000000001	15.034000000000001	15.170500000000001	15.302	15.4315	15.566000000000001	15.7165	15.868499999999999	15.9765	16.1235	16.229500000000002	16.376000000000001	16.456	16.567	16.657	3%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	21.407	21.594999999999999	21.76333	21.962330000000001	22.141670000000001	22.326329999999999	22.524329999999999	22.702000000000002	22.902999999999999	23.088000000000001	23.275670000000002	23.48967	23.678329999999999	23.896329999999999	24.100999999999999	24.321670000000001	24.536999999999999	24.758330000000001	24.98	25.215	25.45233	25.692329999999998	25.940670000000001	26.188330000000001	26.442329999999998	26.7	26.96433	27.234999999999999	27.481999999999999	27.762329999999999	28.045999999999999	28.297000000000001	28.58933	28.891670000000001	29.201000000000001	29.526	29.845669999999998	30.17033	30.515000000000001	30.863330000000001	31.19267	5%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	8.4432329999999993	8.5604999999999993	8.6539999999999999	8.7480329999999995	8.8169330000000006	8.9097329999999992	8.9732669999999999	9.0622000000000007	9.1494	9.2207670000000004	9.3067329999999995	9.4057329999999997	9.4914670000000001	9.5905000000000005	9.6823669999999993	9.7797999999999998	9.8862330000000007	9.9787330000000001	10.0853	10.188330000000001	10.292400000000001	10.406370000000001	10.51723	10.6251	10.739129999999999	10.86097	10.98447	11.107430000000001	11.2378	11.3644	11.499470000000001	11.64167	11.76667	11.895	12.03867	12.19833	12.348000000000001	12.489000000000001	12.63833	12.80467	12.945	Ang. Freq. (rad/s)

E' (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	2.3872666666666662	2.3899999999999997	2.4207333333333332	2.4363333333333332	2.4633666666666665	2.5031666666666665	2.5335333333333332	2.5729666666666664	2.6215999999999999	2.6494999999999997	2.6971333333333334	2.7265666666666664	2.7641999999999998	2.8274666666666666	2.8715666666666664	2.9254666666666664	2.9705999999999997	3.0341999999999998	3.0858999999999996	3.1446000000000001	3.1936666666666662	3.2553333333333332	3.3137999999999996	3.3735333333333335	3.4342666666666664	3.5212333333333334	3.5876666666666663	3.6509	3.7275	3.7883666666666662	3.8684666666666665	3.9412666666666665	4.0078666666666667	4.0851333333333333	4.1692666666666662	4.2229999999999999	4.2996999999999996	4.3583333333333325	4.4558999999999997	4.5009999999999994	4.5808	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	1.3656999999999999	1.36215	1.3704000000000001	1.3818999999999999	1.38215	1.3935999999999999	1.4168499999999999	1.4391499999999999	1.4451499999999999	1.4801500000000001	1.5100499999999999	1.5174000000000001	1.5427500000000001	1.5591999999999999	1.5828500000000001	1.6119000000000001	1.6386499999999999	1.6605000000000001	1.6919	1.7221500000000001	1.7547999999999999	1.77945	1.8172999999999999	1.8504	1.87835	1.9288000000000001	1.95835	1.9941	2.0384500000000001	2.0800999999999998	2.1244999999999998	2.1631499999999999	2.1879499999999998	2.2275499999999999	2.2649499999999998	2.3117000000000001	2.3254000000000001	2.3595999999999999	2.4240499999999998	2.4579	2.4655999999999998	3%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	2.6834666666666664	2.6768333333333336	2.6833666666666667	2.7006000000000001	2.7271000000000001	2.754	2.7800666666666665	2.8376000000000001	2.8653333333333335	2.9081666666666663	2.9495666666666667	2.9918666666666667	3.0579000000000001	3.0861666666666667	3.1308333333333334	3.1795333333333335	3.2343666666666664	3.2943666666666664	3.3466	3.4108000000000001	3.4680666666666666	3.5250333333333335	3.5884	3.6524333333333336	3.7217666666666664	3.7944333333333335	3.8658666666666663	3.9401999999999999	4.0126666666666662	4.0914333333333337	4.1617666666666668	4.2367999999999997	4.3114333333333335	4.3883666666666672	4.4720000000000004	4.5492999999999997	4.6242000000000001	4.7111333333333327	4.7742333333333331	4.8441999999999998	4.9255000000000004	5%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	1.3939333333333332	1.3732	1.3711333333333333	1.3694666666666668	1.3717666666666668	1.3889666666666667	1.3887666666666667	1.4127666666666667	1.4257333333333333	1.4337333333333333	1.4498333333333333	1.4716666666666667	1.4892000000000001	1.4995000000000001	1.5254666666666667	1.5460333333333331	1.5655666666666668	1.5948333333333333	1.6205000000000001	1.6374	1.6655	1.6887000000000001	1.7165666666666668	1.7452666666666667	1.7788333333333333	1.8152666666666668	1.8461000000000001	1.8747333333333334	1.9061666666666668	1.9442999999999999	1.9795666666666667	2.0204666666666666	2.0502666666666669	2.0970333333333331	2.1195666666666666	2.1682000000000001	2.1919666666666666	2.2372999999999998	2.2599333333333336	2.2879666666666667	2.3445333333333336	Ang Freq (rad/sec)

E" (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	20.615666666666666	20.831666666666667	21.036666666666665	21.248999999999999	21.431333333333331	21.617999999999999	21.807666666666666	22.005333333333333	22.208333333333332	22.425000000000001	22.624666666666666	22.771333333333331	23.009666666666668	23.217666666666666	23.395999999999997	23.61033333333333	23.85733333333333	24.065666666666665	24.294	24.49733333333333	24.724999999999998	24.988	25.199333333333332	25.441666666666666	25.690333333333331	25.985666666666667	26.251333333333331	26.483999999999998	26.750666666666667	27.026	27.308999999999997	27.593999999999998	27.887	28.187666666666665	28.508333333333329	28.827999999999999	29.166	29.484333333333332	29.873666666666665	30.259	30.637666666666668	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	61.003999999999998	61.204000000000001	61.428999999999995	61.707499999999996	62.099499999999999	62.512999999999998	62.977499999999999	63.442	63.9375	64.486499999999992	65.044499999999999	65.614499999999992	66.233000000000004	66.841999999999999	67.415499999999994	68.028999999999996	68.679999999999993	69.368499999999997	70.057999999999993	70.760999999999996	71.4375	72.155000000000001	72.894499999999994	73.665999999999997	74.471000000000004	75.275499999999994	75.921499999999995	76.716499999999996	77.539000000000001	78.430999999999997	79.30749999999999	80.22999999999999	81.179999999999993	82.122	83.121499999999997	83.95	84.980499999999992	86.012500000000003	87.091999999999999	88.214999999999989	89.295999999999992	3%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	26.337999999999997	26.375999999999998	26.474	26.690999999999999	26.927499999999998	27.250499999999999	27.528499999999998	27.851499999999998	28.177499999999998	28.500499999999999	28.887499999999999	29.227	29.616999999999997	30.009499999999999	30.404499999999999	30.777999999999999	31.203999999999997	31.6205	32.036000000000001	32.476999999999997	32.917999999999999	33.375	33.823999999999998	34.286499999999997	34.786999999999999	35.280999999999999	35.762	36.272500000000001	36.806999999999995	37.330999999999996	37.762	38.268000000000001	38.823499999999996	39.408000000000001	39.991	40.603999999999999	41.174499999999995	41.827999999999996	42.451000000000001	43.078499999999998	65.560999999999993	5%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	16.037099999999999	16.396449999999998	16.6858	16.937349999999999	17.21425	17.490349999999999	17.733149999999998	17.983149999999998	18.21275	18.473399999999998	18.7117	18.980499999999999	19.209499999999998	19.483000000000001	19.708500000000001	19.979499999999998	20.258499999999998	20.511499999999998	20.794999999999998	21.061999999999998	21.337	21.637499999999999	21.9055	22.205500000000001	22.491499999999998	22.796499999999998	23.093499999999999	23.407	23.657999999999998	23.986000000000001	24.323	24.630499999999998	24.962499999999999	25.310499999999998	25.66	26.000999999999998	26.384999999999998	26.7285	27.096	27.4435	27.869499999999999	Ang. Freq. (rad/s)

E' (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	2.3872666666666662	2.3899999999999997	2.4207333333333332	2.4363333333333332	2.4633666666666665	2.5031666666666665	2.5335333333333332	2.5729666666666664	2.6215999999999999	2.6494999999999997	2.6971333333333334	2.7265666666666664	2.7641999999999998	2.8274666666666666	2.8715666666666664	2.9254666666666664	2.9705999999999997	3.0341999999999998	3.0858999999999996	3.1446000000000001	3.1936666666666662	3.2553333333333332	3.3137999999999996	3.3735333333333335	3.4342666666666664	3.5212333333333334	3.5876666666666663	3.6509	3.7275	3.7883666666666662	3.8684666666666665	3.9412666666666665	4.0078666666666667	4.0851333333333333	4.1692666666666662	4.2229999999999999	4.2996999999999996	4.3583333333333325	4.4558999999999997	4.5009999999999994	4.5808	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	9.8189499999999992	9.7441499999999994	9.6721500000000002	9.7202500000000001	9.738999999999999	9.7926500000000001	9.8548999999999989	9.9594500000000004	10.02585	10.18205	10.303049999999999	10.3718	10.533999999999999	10.6495	10.794499999999999	10.9245	11.0665	11.2325	11.390499999999999	11.561499999999999	11.716999999999999	11.8965	12.076499999999999	12.257999999999999	12.456999999999999	12.677999999999999	12.878499999999999	13.08	13.311999999999999	13.503	13.720499999999999	13.95	14.180499999999999	14.398499999999999	14.616	14.801	15.036	15.273	15.478	15.698499999999999	15.887499999999999	3%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	6.0198499999999999	5.8801999999999994	5.8244499999999997	5.7575500000000002	5.7673499999999995	5.76905	5.7674499999999993	5.8257499999999993	5.8794499999999994	5.9304999999999994	5.9718999999999998	6.0617999999999999	6.1229499999999994	6.1778499999999994	6.2454000000000001	6.3159999999999998	6.4112	6.5096499999999997	6.5935499999999996	6.6820499999999994	6.7863999999999995	6.8878999999999992	6.9992999999999999	7.0950499999999996	7.21075	7.3452999999999999	7.4484499999999993	7.5703999999999994	7.6896999999999993	7.80185	7.9393499999999992	8.0658499999999993	8.1843500000000002	8.3311499999999992	8.4541000000000004	8.5669000000000004	8.70655	8.8416999999999994	8.9716500000000003	9.0673499999999994	9.1878999999999991	5%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	3.3391999999999999	3.2597499999999999	3.23475	3.2258499999999999	3.2375499999999997	3.2595000000000001	3.2740999999999998	3.3434999999999997	3.3519999999999999	3.4190499999999999	3.4293499999999999	3.4964499999999998	3.5421999999999998	3.5711499999999998	3.6124999999999998	3.6711499999999999	3.7258999999999998	3.7821499999999997	3.8249499999999999	3.8960499999999998	3.9439499999999996	4.0108999999999995	4.0647500000000001	4.1425999999999998	4.1961499999999994	4.2838500000000002	4.3556499999999998	4.4289499999999995	4.4856999999999996	4.5794999999999995	4.6599499999999994	4.7269999999999994	4.8016999999999994	4.8784000000000001	4.9486999999999997	5.0372499999999993	5.0915999999999997	5.1741000000000001	5.2572999999999999	5.3209499999999998	5.3988999999999994	Ang. Freq. (rad/s)

E" (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	20.615666666666666	20.831666666666667	21.036666666666665	21.248999999999999	21.431333333333331	21.617999999999999	21.807666666666666	22.005333333333333	22.208333333333332	22.425000000000001	22.624666666666666	22.771333333333331	23.009666666666668	23.217666666666666	23.395999999999997	23.61033333333333	23.85733333333333	24.065666666666665	24.294	24.49733333333333	24.724999999999998	24.988	25.199333333333332	25.441666666666666	25.690333333333331	25.985666666666667	26.251333333333331	26.483999999999998	26.750666666666667	27.026	27.308999999999997	27.593999999999998	27.887	28.187666666666665	28.508333333333329	28.827999999999999	29.166	29.484333333333332	29.873666666666665	30.259	30.637666666666668	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	7.4493999999999998	7.6831999999999994	7.8716999999999997	8.0633999999999997	8.1920000000000002	8.3378999999999994	8.4975000000000005	8.6412999999999993	8.7766000000000002	8.9321999999999999	9.0831999999999997	9.2508999999999997	9.3922999999999988	9.5503	9.6991999999999994	9.8651999999999997	10.036999999999999	10.171999999999999	10.344999999999999	10.506	10.686	10.863999999999999	11.030999999999999	11.209999999999999	11.375999999999999	11.568999999999999	11.766999999999999	11.965	12.147	12.341999999999999	12.516	12.741999999999999	12.968	13.173999999999999	13.382999999999999	13.597	13.819999999999999	14.032999999999999	14.209	14.469999999999999	14.680999999999999	3%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	5.9997666666666669	6.1317666666666666	6.2555999999999994	6.4089666666666663	6.5004666666666671	6.6138666666666666	6.7406999999999995	6.8411666666666671	6.9583666666666666	7.0648999999999997	7.1628999999999996	7.2604666666666668	7.3561999999999994	7.4624333333333324	7.5823666666666663	7.6787999999999998	7.7872999999999992	7.9044999999999996	7.9980666666666664	8.1050666666666658	8.221566666666666	8.3255333333333326	8.4188666666666663	8.517199999999999	8.6301333333333332	8.7545333333333328	8.8719333333333328	8.9771000000000001	9.0930333333333344	9.2231333333333332	9.3613333333333344	9.4920999999999989	9.6257333333333328	9.7484666666666655	9.8927999999999994	10.0345	10.165799999999999	10.327	10.460633333333334	10.605166666666666	10.1991	5%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	12.157999999999999	12.597	12.881499999999999	13.163	13.433	13.709999999999999	13.966999999999999	14.240499999999999	14.520999999999999	14.7425	14.990499999999999	15.2515	15.479999999999999	15.756499999999999	15.994499999999999	16.258499999999998	16.500499999999999	16.776	17.04	17.309999999999999	17.6005	17.8735	18.145	18.448	18.749499999999998	19.045500000000001	19.3735	19.659499999999998	19.972999999999999	20.254999999999999	20.599499999999999	20.9055	21.259	21.6005	21.934999999999999	22.294999999999998	22.660999999999998	23.050999999999998	23.408999999999999	23.795500000000001	24.174999999999997	Ang. Freq. (rad/s)

E' (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	2.3872666666666662	2.3899999999999997	2.4207333333333332	2.4363333333333332	2.4633666666666665	2.5031666666666665	2.5335333333333332	2.5729666666666664	2.6215999999999999	2.6494999999999997	2.6971333333333334	2.7265666666666664	2.7641999999999998	2.8274666666666666	2.8715666666666664	2.9254666666666664	2.9705999999999997	3.0341999999999998	3.0858999999999996	3.1446000000000001	3.1936666666666662	3.2553333333333332	3.3137999999999996	3.3735333333333335	3.4342666666666664	3.5212333333333334	3.5876666666666663	3.6509	3.7275	3.7883666666666662	3.8684666666666665	3.9412666666666665	4.0078666666666667	4.0851333333333333	4.1692666666666662	4.2229999999999999	4.2996999999999996	4.3583333333333325	4.4558999999999997	4.5009999999999994	4.5808	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	1.7900499999999999	1.7831999999999999	1.7626999999999999	1.76485	1.76495	1.78305	1.79165	1.8386499999999999	1.8509499999999999	1.8938999999999999	1.9055	1.9377499999999999	1.9462499999999998	1.9850999999999999	2.0208499999999998	2.0465	2.0725500000000001	2.1094999999999997	2.1507499999999999	2.1883999999999997	2.2172000000000001	2.2680499999999997	2.2953999999999999	2.3432499999999998	2.3867499999999997	2.4393499999999997	2.4854499999999997	2.5351499999999998	2.5795999999999997	2.6134999999999997	2.6507999999999998	2.7147999999999999	2.7759	2.8148499999999999	2.8784999999999998	2.9228999999999998	2.9741499999999998	3.0305	3.09205	3.1406999999999998	3.1363499999999997	3%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	1.7042999999999999	1.6980499999999998	1.63185	1.5790999999999999	1.54975	1.5148999999999999	1.52565	1.5471999999999999	1.5266999999999999	1.5402499999999999	1.5325	1.5813999999999999	1.5889	1.58585	1.60595	1.6224499999999999	1.63995	1.66015	1.6817499999999999	1.7224499999999998	1.7363	1.75745	1.77345	1.8166499999999999	1.84155	1.8852499999999999	1.9064999999999999	1.9391499999999999	1.9706999999999999	1.9950999999999999	2.0345999999999997	2.0620499999999997	2.0854999999999997	2.1301999999999999	2.1818999999999997	2.2071000000000001	2.2588499999999998	2.2717999999999998	2.2990499999999998	2.3274499999999998	2.3765000000000001	5%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	3.5421999999999998	3.4638	3.37405	3.3758999999999997	3.3590499999999999	3.3640999999999996	3.3901999999999997	3.4369000000000001	3.4478	3.4720499999999999	3.5139	3.5751499999999998	3.6165499999999997	3.6762999999999999	3.7030499999999997	3.7501499999999997	3.8126499999999997	3.8587499999999997	3.9327999999999999	3.9866999999999999	4.0531499999999996	4.1127000000000002	4.1898	4.2434500000000002	4.3260499999999995	4.4151499999999997	4.4919500000000001	4.5694999999999997	4.6461499999999996	4.7235999999999994	4.7932999999999995	4.9052499999999997	4.9918999999999993	5.0820499999999997	5.1619999999999999	5.2652999999999999	5.35595	5.4359000000000002	5.5478499999999995	5.6047500000000001	5.6823499999999996	Ang. Freq. (rad/s)

E" (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	20.615666666666666	20.831666666666667	21.036666666666665	21.248999999999999	21.431333333333331	21.617999999999999	21.807666666666666	22.005333333333333	22.208333333333332	22.425000000000001	22.624666666666666	22.771333333333331	23.009666666666668	23.217666666666666	23.395999999999997	23.61033333333333	23.85733333333333	24.065666666666665	24.294	24.49733333333333	24.724999999999998	24.988	25.199333333333332	25.441666666666666	25.690333333333331	25.985666666666667	26.251333333333331	26.483999999999998	26.750666666666667	27.026	27.308999999999997	27.593999999999998	27.887	28.187666666666665	28.508333333333329	28.827999999999999	29.166	29.484333333333332	29.873666666666665	30.259	30.637666666666668	0.2%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	340.65	344.10666666666668	347.15	349.9666666666667	353.12333333333328	355.96	358.95333333333332	362.02666666666664	365.02666666666664	367.97999999999996	371.2166666666667	374.27333333333331	377.62	380.72666666666669	383.95666666666665	387.44333333333327	390.79666666666668	394.22999999999996	397.75666666666666	401.4133333333333	405.07	408.84999999999997	412.62333333333328	416.48666666666668	420.57666666666665	424.53	428.66999999999996	432.96666666666664	437.28666666666669	441.7	446.10999999999996	450.66999999999996	455.31666666666666	459.80333333333328	464.47666666666669	469.25666666666666	474.44333333333327	479.28	484.77	489.76	495.29666666666668	0.6%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	170.22333333333333	171.79333333333332	173.20666666666665	174.66	176.11333333333334	177.51666666666665	179.07333333333332	180.54666666666665	182.00333333333333	183.65666666666664	185.20666666666665	186.71666666666664	188.39999999999998	190.04	191.74666666666664	193.44333333333333	195.19333333333333	196.94333333333333	198.75	200.60999999999999	202.48666666666665	204.42	206.32	208.33333333333334	210.41	212.45999999999998	214.59666666666664	216.76999999999998	218.85333333333332	220.94	223.17333333333335	225.46666666666664	227.76	230.19	232.61666666666665	235.14	237.66666666666666	240.26999999999998	242.88666666666666	245.57333333333332	248.48666666666665	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	126.69999999999999	127.99	129.21666666666667	130.32	131.56333333333333	132.68	133.81333333333333	135.18333333333334	136.33333333333334	137.69999999999999	138.94666666666666	140.07999999999998	141.36333333333334	142.6	143.92666666666665	145.4	146.58666666666664	148.00666666666666	149.39333333333335	150.79	152.22333333333333	153.71666666666664	155.19999999999999	156.75333333333333	158.32666666666665	159.89666666666665	161.47999999999999	163.13666666666666	164.88	166.54333333333332	168.36333333333334	170.07999999999998	171.94	173.82333333333332	175.45	177.39	179.34	181.30333333333334	183.26666666666665	185.31333333333333	187.41333333333333	Ang. Freq. (rad/s)

E' (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	2.3872666666666662	2.3899999999999997	2.4207333333333332	2.4363333333333332	2.4633666666666665	2.5031666666666665	2.5335333333333332	2.5729666666666664	2.6215999999999999	2.6494999999999997	2.6971333333333334	2.7265666666666664	2.7641999999999998	2.8274666666666666	2.8715666666666664	2.9254666666666664	2.9705999999999997	3.0341999999999998	3.0858999999999996	3.1446000000000001	3.1936666666666662	3.2553333333333332	3.3137999999999996	3.3735333333333335	3.4342666666666664	3.5212333333333334	3.5876666666666663	3.6509	3.7275	3.7883666666666662	3.8684666666666665	3.9412666666666665	4.0078666666666667	4.0851333333333333	4.1692666666666662	4.2229999999999999	4.2996999999999996	4.3583333333333325	4.4558999999999997	4.5009999999999994	4.5808	0.2%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	37.403666666666659	37.499666666666663	37.765333333333331	38.252666666666663	38.662666666666659	39.227333333333334	39.787999999999997	40.417999999999999	41.170999999999999	42.042000000000002	42.628	43.285666666666664	44.25066666666666	45.018333333333331	45.824999999999996	46.640333333333331	47.571999999999996	48.440666666666665	49.347000000000001	50.280999999999999	51.296333333333337	52.332666666666661	53.302333333333337	54.41	55.515333333333331	56.724666666666664	57.835000000000001	59.057666666666663	60.050999999999995	61.268333333333331	62.561	63.764666666666663	64.938999999999993	66.063999999999993	67.47433333333332	68.651333333333326	69.680999999999997	70.918666666666667	72.188666666666663	73.131999999999991	73.967666666666673	0.6%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	19.568333333333332	19.605999999999998	19.872999999999998	20.078666666666667	20.294999999999998	20.568999999999999	20.830666666666666	21.254666666666665	21.569333333333333	21.974	22.291	22.63133333333333	22.967333333333332	23.41033333333333	23.849666666666668	24.23533333333333	24.64833333333333	25.062999999999999	25.435666666666666	25.912333333333329	26.384	26.842333333333332	27.26733333333333	27.783666666666665	28.266666666666666	28.869	29.416666666666668	29.921666666666667	30.482999999999997	30.988999999999997	31.548666666666666	32.133666666666663	32.647999999999996	33.152999999999999	33.738	34.257333333333335	34.696333333333335	35.362333333333332	35.684666666666665	35.998999999999995	36.719333333333331	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	15.451666666666666	15.500333333333334	15.537666666666665	15.738999999999999	15.888999999999999	16.031333333333333	16.223333333333333	16.580666666666666	16.839666666666666	17.031333333333333	17.347666666666669	17.548666666666666	17.839333333333332	18.131666666666668	18.395	18.829666666666668	19.05233333333333	19.341666666666669	19.710333333333331	20.00333333333333	20.381999999999998	20.742666666666668	21.091333333333331	21.446333333333332	21.833666666666666	22.283333333333331	22.664999999999999	23.065999999999999	23.511666666666667	23.887999999999998	24.318333333333332	24.73	25.102	25.519333333333332	25.885333333333332	26.305999999999997	26.752666666666666	26.947666666666667	27.481333333333332	27.785666666666668	28.085999999999999	Ang. Freq. (rad/sec)

E" (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	20.615666666666666	20.831666666666667	21.036666666666665	21.248999999999999	21.431333333333331	21.617999999999999	21.807666666666666	22.005333333333333	22.208333333333332	22.425000000000001	22.624666666666666	22.771333333333331	23.009666666666668	23.217666666666666	23.395999999999997	23.61033333333333	23.85733333333333	24.065666666666665	24.294	24.49733333333333	24.724999999999998	24.988	25.199333333333332	25.441666666666666	25.690333333333331	25.985666666666667	26.251333333333331	26.483999999999998	26.750666666666667	27.026	27.308999999999997	27.593999999999998	27.887	28.187666666666665	28.508333333333329	28.827999999999999	29.166	29.484333333333332	29.873666666666665	30.259	30.637666666666668	0.2%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	119.94699999999999	121.01333333333332	122.17666666666666	123.27	124.37333333333332	125.42333333333332	126.51333333333332	127.61666666666666	128.72666666666666	129.82999999999998	131.09	132.19	133.30333333333331	134.52666666666664	135.77333333333334	136.97999999999999	138.22666666666666	139.53333333333333	140.77666666666664	142.10999999999999	143.41333333333333	144.79	146.16999999999999	147.62666666666664	149.03333333333333	150.54999999999998	152.04	153.68	155.18	156.88999999999999	158.47999999999999	160.20666666666665	161.9	163.62333333333333	165.38333333333333	167.23333333333335	169.06	170.97666666666666	172.88666666666666	174.95	176.91666666666666	0.6%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	34.580666666666666	34.848999999999997	35.17166666666666	35.426666666666662	35.707000000000001	35.963000000000001	36.24166666666666	36.503333333333337	36.803666666666665	37.127333333333333	37.430333333333337	37.720333333333336	38.068666666666665	38.371666666666663	38.71	39.042666666666662	39.397666666666666	39.736333333333334	40.091000000000001	40.457333333333331	40.815666666666665	41.210666666666661	41.593666666666664	41.98866666666666	42.388666666666666	42.806999999999995	43.225666666666662	43.641333333333336	44.068333333333335	44.518999999999998	44.93933333333333	45.394666666666659	45.881	46.384999999999998	46.887	47.397333333333336	47.933	48.459666666666664	49.027999999999999	49.577666666666659	50.146000000000001	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	48.567666666666661	49.054333333333332	49.474333333333334	49.929666666666662	50.342999999999996	50.804666666666662	51.248999999999995	51.731999999999999	52.185666666666663	52.56433333333333	53.018000000000001	53.552333333333337	53.980999999999995	54.446333333333335	54.915999999999997	55.43666666666666	55.925333333333334	56.420666666666662	56.944333333333333	57.482999999999997	57.99433333333333	58.564999999999998	59.138333333333335	59.715666666666664	60.288666666666664	60.886666666666663	61.502333333333333	62.121333333333332	62.760333333333335	63.42433333333333	64.101666666666659	64.774000000000001	65.462999999999994	66.150666666666666	66.837999999999994	67.570999999999998	68.328999999999994	69.095666666666673	69.87299999999999	70.698999999999998	71.513666666666666	Ang. Freq. (rad/sec)

E'(MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	2.3872666666666662	2.3899999999999997	2.4207333333333332	2.4363333333333332	2.4633666666666665	2.5031666666666665	2.5335333333333332	2.5729666666666664	2.6215999999999999	2.6494999999999997	2.6971333333333334	2.7265666666666664	2.7641999999999998	2.8274666666666666	2.8715666666666664	2.9254666666666664	2.9705999999999997	3.0341999999999998	3.0858999999999996	3.1446000000000001	3.1936666666666662	3.2553333333333332	3.3137999999999996	3.3735333333333335	3.4342666666666664	3.5212333333333334	3.5876666666666663	3.6509	3.7275	3.7883666666666662	3.8684666666666665	3.9412666666666665	4.0078666666666667	4.0851333333333333	4.1692666666666662	4.2229999999999999	4.2996999999999996	4.3583333333333325	4.4558999999999997	4.5009999999999994	4.5808	0.2%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	13.790333333333333	13.846666666666666	13.929333333333334	14.050333333333333	14.241999999999999	14.426333333333334	14.620666666666665	14.847333333333333	15.062666666666665	15.318666666666665	15.625333333333334	15.844333333333333	16.097999999999999	16.453666666666667	16.689999999999998	17.018333333333331	17.340666666666667	17.631666666666668	18.041	18.362666666666666	18.72	19.101333333333333	19.48233333333333	19.854333333333333	20.23833333333333	20.693666666666665	21.11933333333333	21.572666666666667	22.019666666666666	22.452999999999999	22.908999999999999	23.351333333333329	23.82833333333333	24.273999999999997	24.727999999999998	25.243666666666666	25.686	25.949333333333332	26.545666666666666	27.099999999999998	27.465666666666667	0.6%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	4.0162666666666667	3.9887666666666663	4.0060000000000002	4.0567000000000002	4.1043333333333329	4.1459666666666664	4.2259666666666664	4.3114333333333326	4.3612000000000002	4.4260000000000002	4.5218333333333325	4.571366666666667	4.656366666666667	4.7492333333333328	4.8279666666666667	4.9169	5.0232999999999999	5.1091666666666669	5.1970666666666672	5.2978999999999994	5.4010333333333325	5.508633333333333	5.6208	5.7210333333333327	5.8294999999999995	5.9763000000000002	6.0878999999999994	6.2106666666666666	6.3357666666666663	6.4542999999999999	6.5861666666666663	6.7133333333333329	6.8441000000000001	6.9638666666666671	7.0869333333333326	7.2381333333333329	7.3748333333333331	7.5045333333333328	7.6164999999999994	7.7310333333333325	7.8578333333333328	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	5.5352333333333323	5.547766666666667	5.5511333333333326	5.6217999999999995	5.6904666666666666	5.743266666666667	5.8484999999999996	5.9710999999999999	6.0543999999999993	6.1699000000000002	6.2718999999999996	6.3907666666666669	6.5153333333333325	6.6032999999999999	6.7282999999999999	6.8572999999999995	6.9702333333333328	7.1124333333333327	7.2666999999999993	7.3956333333333326	7.5510333333333328	7.6959666666666671	7.8529666666666662	8.0069333333333326	8.1594999999999995	8.3518333333333334	8.5175000000000001	8.6823999999999995	8.8494666666666664	9.018066666666666	9.215166666666665	9.4080333333333339	9.5706333333333333	9.7621666666666655	9.9374666666666656	10.123966666666666	10.3017	10.497199999999999	10.673266666666665	10.822533333333334	10.997	Ang. Freq. (rad/sec)

E" (MPa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	20.615666666666666	20.831666666666667	21.036666666666665	21.248999999999999	21.431333333333331	21.617999999999999	21.807666666666666	22.005333333333333	22.208333333333332	22.425000000000001	22.624666666666666	22.771333333333331	23.009666666666668	23.217666666666666	23.395999999999997	23.61033333333333	23.85733333333333	24.065666666666665	24.294	24.49733333333333	24.724999999999998	24.988	25.199333333333332	25.441666666666666	25.690333333333331	25.985666666666667	26.251333333333331	26.483999999999998	26.750666666666667	27.026	27.308999999999997	27.593999999999998	27.887	28.187666666666665	28.508333333333329	28.827999999999999	29.166	29.484333333333332	29.873666666666665	30.259	30.637666666666668	0.2%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	48.221666666666664	48.914999999999999	49.515333333333331	50.168999999999997	50.787666666666659	51.396333333333331	51.959666666666664	52.599666666666664	53.244	53.838000000000001	54.50033333333333	55.211333333333336	55.832000000000001	56.510666666666658	57.213999999999999	57.915333333333336	58.631999999999998	59.337999999999994	59.954666666666661	60.714999999999996	61.307333333333332	62.023333333333333	62.827666666666659	63.480666666666664	64.281666666666666	65.057000000000002	65.86033333333333	66.679000000000002	67.509333333333331	68.396000000000001	69.266333333333321	70.165999999999997	71.080333333333328	71.98599999999999	72.917666666666662	73.873666666666665	74.837000000000003	75.804000000000002	76.842333333333329	77.766333333333321	78.808999999999997	0.6%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	26.364999999999998	26.501333333333331	26.577999999999999	26.678766666666668	26.75653333333333	26.918966666666666	27.146799999999999	27.4907	27.814933333333332	28.111499999999999	28.41793333333333	28.814566666666668	29.223266666666667	29.55833333333333	29.966333333333331	30.341666666666665	30.715	31.107999999999997	31.491666666666667	31.869	32.279333333333334	32.698999999999998	33.073333333333331	33.484999999999999	33.908666666666662	34.327999999999996	34.805999999999997	35.189333333333337	35.659333333333336	36.125	36.619333333333337	37.138666666666666	37.640999999999998	38.146999999999998	38.637999999999998	39.165999999999997	39.680333333333337	40.196999999999996	40.699666666666666	41.162333333333336	41.570999999999998	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	39.823999999999998	40.780499999999996	41.662999999999997	42.406500000000001	43.147500000000001	43.771999999999998	44.43	45.195499999999996	45.875	46.533499999999997	47.174499999999995	47.884499999999996	48.549499999999995	49.215499999999999	49.868499999999997	50.436	51.080999999999996	51.811999999999998	52.330999999999996	53.061	53.776499999999999	54.4985	55.234499999999997	55.997	56.756	57.570499999999996	58.418999999999997	59.217999999999996	60.107999999999997	60.887999999999998	61.659499999999994	62.491	63.3735	64.201999999999998	65.055999999999997	65.947000000000003	66.750500000000002	67.697499999999991	68.575000000000003	69.468499999999992	70.414999999999992	Ang. Freq. (rad/s)

E' (Mpa)

Control	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	2.3872666666666662	2.3899999999999997	2.4207333333333332	2.4363333333333332	2.4633666666666665	2.5031666666666665	2.5335333333333332	2.5729666666666664	2.6215999999999999	2.6494999999999997	2.6971333333333334	2.7265666666666664	2.7641999999999998	2.8274666666666666	2.8715666666666664	2.9254666666666664	2.9705999999999997	3.0341999999999998	3.0858999999999996	3.1446000000000001	3.1936666666666662	3.2553333333333332	3.3137999999999996	3.3735333333333335	3.4342666666666664	3.5212333333333334	3.5876666666666663	3.6509	3.7275	3.7883666666666662	3.8684666666666665	3.9412666666666665	4.0078666666666667	4.0851333333333333	4.1692666666666662	4.2229999999999999	4.2996999999999996	4.3583333333333325	4.4558999999999997	4.5009999999999994	4.5808	0.2%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	8.8088999999999995	8.73	8.7651000000000003	8.8280333333333338	8.8602999999999987	8.957866666666666	9.0250666666666657	9.1334999999999997	9.1991999999999994	9.2980666666666654	9.4297000000000004	9.530899999999999	9.6642333333333337	9.7436333333333334	9.8402666666666647	9.9640666666666657	10.062333333333333	10.208933333333334	10.355466666666665	10.4941	10.648333333333333	10.790333333333333	10.938666666666666	11.109333333333334	11.255333333333333	11.425333333333333	11.566333333333333	11.712999999999999	11.867666666666665	12.035333333333334	12.189	12.357333333333333	12.519666666666666	12.671999999999999	12.837999999999999	13.011666666666665	13.164666666666665	13.371333333333334	13.512333333333334	13.606	13.773666666666665	0.6%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	5.5152333333333328	5.3802666666666665	5.2978333333333332	5.2858999999999998	5.2404333333333328	5.2499333333333329	5.3089333333333331	5.3532333333333328	5.3773	5.4696999999999996	5.5090666666666666	5.5488333333333326	5.6041999999999996	5.6533666666666669	5.7370666666666663	5.7827333333333328	5.8148333333333326	5.876266666666667	5.9462333333333328	5.9998999999999993	6.0714333333333323	6.1549999999999994	6.1993333333333327	6.2763	6.3832333333333331	6.4465666666666666	6.557433333333333	6.5922999999999998	6.720766666666667	6.7904666666666671	6.8841000000000001	6.9967333333333324	7.0568999999999997	7.1630666666666665	7.2450333333333328	7.3393333333333324	7.3971999999999998	7.5144333333333329	7.6270333333333324	7.7454999999999998	7.7542999999999997	1%	1	1.12202	1.2589300000000001	1.4125399999999999	1.5848899999999999	1.7782800000000001	1.99526	2.2387199999999998	2.5118900000000002	2.8183799999999999	3.16228	3.54813	3.9810699999999999	4.4668400000000004	5.01187	5.6234099999999998	6.3095699999999999	7.0794600000000001	7.9432799999999997	8.9125099999999993	10	11.2202	12.5893	14.125400000000001	15.8489	17.782800000000002	19.9526	22.3872	25.1189	28.183800000000002	31.622800000000002	35.481299999999997	39.810699999999997	44.668399999999998	50.118699999999997	56.234099999999998	63.095700000000001	70.794600000000003	79.4328	89.125100000000003	100	7.8637999999999995	7.8717499999999996	7.9381499999999994	8.0145	8.1062499999999993	8.1466499999999993	8.2374499999999991	8.3581000000000003	8.4234999999999989	8.5718999999999994	8.6970499999999991	8.6836000000000002	8.8266999999999989	8.9321999999999999	9.0422499999999992	9.1964500000000005	9.3021999999999991	9.408949999999999	9.55945	9.7018500000000003	9.8192000000000004	9.9342499999999987	10.055	10.163499999999999	10.292999999999999	10.446	10.576499999999999	10.705499999999999	10.845499999999999	10.9595	11.09	11.202499999999999	11.347999999999999	11.475999999999999	11.5875	11.7705	11.863999999999999	11.956	12.1295	12.257999999999999	12.3865	Ang. Freq. (rad/s)

E" (Mpa)
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		6.3		48.59		7.491		0.154				6.3		30.62		4.596		0.15				6.3		43.6		6.396		0.1483				6.3		18.79		3.389		0.181

		7.9		49.9		7.811		0.1565				7.9		31.26		4.79		0.1531				7.9		44.35		6.404		0.144				7.9		17.87		3.453		0.1851

		10		51.11		8.123		0.1589				10		31.88		4.974		0.1559				10		45.12		7.104		0.1571				10		18.14		3.658		0.1907

		12.6		52.34		8.444		0.1613				12.6		32.53		5.156		0.1584				12.6		45.97		7.434		0.1617				12.6		18.67		3.868		0.1947

		15.8		53.55		8.784		0.164				15.8		33.24		5.344		0.1607				15.8		46.96		7.714		0.1645				15.8		19.51		4.096		0.2039

		19		54.45		9.056		0.1662				19		33.76		5.477		0.1621				19		47.71		7.945		0.1665				19		20.03		4.224		0.2132

		25		55.85		9.681		0.1732				25		34.58		5.856		0.1692				25		48.89		8.449		0.1727				25		20.7		4.567		0.2179

		31.6		56.85		10.05		0.1767				31.6		35.32		6.03		0.1707				31.6		49.95		8.727		0.1746				31.6		21.27		4.701		0.2182

		39.8		57.88		10.29		0.1778				39.8		36.1		6.139		0.1701				39.8		51.09		8.951		0.1752				39.8		21.95		4.786		0.2167

		50		58.59		10.44		0.1781				50		36.45		6.169		0.1693				50		51.84		9.109		0.1757				50		22.37		4.82		0.2156

		63		57.21		10.58		0.1852				63		34.21		6.201		0.1828				63		51.15		9.267		0.1814				63		21.78		4.807		0.2211

		79.5		63.55		13.64		0.2108				79.5		39.24		8.104		0.2034				79.5		57.01		12.95		0.221				79.5		23.44		5.401		0.2297

		100		67.7		16.05		0.234				100		41.85		9.575		0.2264				100		61.11		15.87		0.2547				100		24.39		5.854		0.2395
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		Freq				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta

		rad/s				MPa		MPa						MPa		MPa						MPa		MPa						MPa		MPa

		1				12.0595		1.3657		0.113275				21.407		2.683467		0.125873				8.443233		1.393933		0.166003				20.6156666667		2.3872666667		0.1174233333

		1.12202				12.174		1.36215		0.11191				21.595		2.676833		0.124387				8.5605		1.3732		0.160987				20.8316666667		2.39		0.1161866667

		1.25893				12.261		1.3704		0.111775				21.76333		2.683367		0.123653				8.654		1.371133		0.159117				21.0366666667		2.4207333333		0.1163333333

		1.41254				12.3495		1.3819		0.11189				21.96233		2.7006		0.123363				8.748033		1.369467		0.15708				21.249		2.4363333333		0.1157833333

		1.58489				12.445		1.38215		0.11105				22.14167		2.7271		0.123537				8.816933		1.371767		0.156197				21.4313333333		2.4633666667		0.1160433333

		1.77828				12.535		1.3936		0.111145				22.32633		2.754		0.12373				8.909733		1.388967		0.156423				21.618		2.5031666667		0.11681

		1.99526				12.6335		1.41685		0.112125				22.52433		2.780067		0.1237				8.973267		1.388767		0.155217				21.8076666667		2.5335333333		0.1171866667

		2.23872				12.723		1.43915		0.11308				22.702		2.8376		0.125327				9.0622		1.412767		0.156293				22.0053333333		2.5729666667		0.1179166667

		2.51189				12.8235		1.44515		0.112645				22.903		2.865333		0.125463				9.1494		1.425733		0.15625				22.2083333333		2.6216		0.1189733333

		2.81838				12.9205		1.48015		0.114505				23.088		2.908167		0.126307				9.220767		1.433733		0.156007				22.425		2.6495		0.1189866667

		3.16228				13.016		1.51005		0.115945				23.27567		2.949567		0.127053				9.306733		1.449833		0.156307				22.6246666667		2.6971333333		0.1200166667

		3.54813				13.133		1.5174		0.115475				23.48967		2.991867		0.127667				9.405733		1.471667		0.1569				22.7713333333		2.7265666667		0.12051

		3.98107				13.222		1.54275		0.116595				23.67833		3.0579		0.129453				9.491467		1.4892		0.15727				23.0096666667		2.7642		0.1207133333

		4.46684				13.3345		1.5592		0.11684				23.89633		3.086167		0.129453				9.5905		1.4995		0.15674				23.2176666667		2.8274666667		0.12248

		5.01187				13.433		1.58285		0.11772				24.101		3.130833		0.130187				9.682367		1.525467		0.157937				23.396		2.8715666667		0.12342

		5.62341				13.5485		1.6119		0.11886				24.32167		3.179533		0.131063				9.7798		1.546033		0.158533				23.6103333333		2.9254666667		0.1245766667

		6.30957				13.663		1.63865		0.119815				24.537		3.234367		0.132097				9.886233		1.565567		0.158657				23.8573333333		2.9706		0.1251

		7.07946				13.759		1.6605		0.120555				24.75833		3.294367		0.13335				9.978733		1.594833		0.160223				24.0656666667		3.0342		0.12679

		7.94328				13.8875		1.6919		0.121695				24.98		3.3466		0.13427				10.0853		1.6205		0.16106				24.294		3.0859		0.1276066667

		8.91251				13.991		1.72215		0.12295				25.215		3.4108		0.135547				10.18833		1.6374		0.161053				24.4973333333		3.1446		0.12894

		10				14.112		1.7548		0.124195				25.45233		3.468067		0.136517				10.2924		1.6655		0.162077				24.725		3.1936666667		0.1297633333

		11.2202				14.2345		1.77945		0.124845				25.69233		3.525033		0.137453				10.40637		1.6887		0.16262				24.988		3.2553333333		0.1307666667

		12.5893				14.3545		1.8173		0.12643				25.94067		3.5884		0.138607				10.51723		1.716567		0.163507				25.1993333333		3.3138		0.1320466667

		14.1254				14.5195		1.8504		0.12729				26.18833		3.652433		0.139727				10.6251		1.745267		0.164533				25.4416666667		3.3735333333		0.13309

		15.8489				14.6065		1.87835		0.1284				26.44233		3.721767		0.141				10.73913		1.778833		0.16597				25.6903333333		3.4342666667		0.13419

		17.7828				14.772		1.9288		0.1304				26.7		3.794433		0.142383				10.86097		1.815267		0.16738				25.9856666667		3.5212333333		0.13601

		19.9526				14.906		1.95835		0.131195				26.96433		3.865867		0.143623				10.98447		1.8461		0.168337				26.2513333333		3.5876666667		0.1371266667

		22.3872				15.034		1.9941		0.13243				27.235		3.9402		0.144913				11.10743		1.874733		0.168997				26.484		3.6509		0.1382766667

		25.1189				15.1705		2.03845		0.13415				27.482		4.012667		0.146243				11.2378		1.906167		0.169903				26.7506666667		3.7275		0.1397133333

		28.1838				15.302		2.0801		0.135705				27.76233		4.091433		0.14763				11.3644		1.9443		0.171353				27.026		3.7883666667		0.1405233333

		31.6228				15.4315		2.1245		0.137455				28.046		4.161767		0.148603				11.49947		1.979567		0.172363				27.309		3.8684666667		0.1419266667

		35.4813				15.566		2.16315		0.138695				28.297		4.2368		0.149913				11.64167		2.020467		0.173903				27.594		3.9412666667		0.14314

		39.8107				15.7165		2.18795		0.138935				28.58933		4.311433		0.150997				11.76667		2.050267		0.17452				27.887		4.0078666667		0.1439433333

		44.6684				15.8685		2.22755		0.140085				28.89167		4.388367		0.15209				11.895		2.097033		0.176607				28.1876666667		4.0851333333		0.14507

		50.1187				15.9765		2.26495		0.141475				29.201		4.472		0.153307				12.03867		2.119567		0.176303				28.5083333333		4.1692666667		0.1463966667

		56.2341				16.1235		2.3117		0.143075				29.526		4.5493		0.154297				12.19833		2.1682		0.177957				28.828		4.223		0.1465366667

		63.0957				16.2295		2.3254		0.14289				29.84567		4.6242		0.155127				12.348		2.191967		0.17779				29.166		4.2997		0.1474633333

		70.7946				16.376		2.3596		0.143635				30.17033		4.711133		0.156337				12.489		2.2373		0.179667				29.4843333333		4.3583333333		0.14743

		79.4328				16.456		2.42405		0.14691				30.515		4.774233		0.15669				12.63833		2.259933		0.178877				29.8736666667		4.4559		0.1491033333

		89.1251				16.567		2.4579		0.147795				30.86333		4.8442		0.157257				12.80467		2.287967		0.178883				30.259		4.501		0.14848

		100				16.657		2.4656		0.14767				31.19267		4.9255		0.15804				12.945		2.344533		0.181283				30.6376666667		4.5808		0.14917
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1.4257333333

1.48015

2.9081666667

1.4337333333

1.51005

2.9495666667

1.4498333333

1.5174

2.9918666667

1.4716666667

1.54275

3.0579

1.4892

1.5592

3.0861666667

1.4995

1.58285

3.1308333333

1.5254666667

1.6119

3.1795333333

1.5460333333

1.63865

3.2343666667

1.5655666667

1.6605

3.2943666667

1.5948333333

1.6919

3.3466

1.6205

1.72215

3.4108

1.6374

1.7548

3.4680666667

1.6655

1.77945

3.5250333333

1.6887

1.8173

3.5884

1.7165666667

1.8504

3.6524333333

1.7452666667

1.87835

3.7217666667

1.7788333333

1.9288

3.7944333333

1.8152666667

1.95835

3.8658666667

1.8461

1.9941

3.9402

1.8747333333

2.03845

4.0126666667

1.9061666667

2.0801

4.0914333333

1.9443

2.1245

4.1617666667

1.9795666667

2.16315

4.2368

2.0204666667

2.18795

4.3114333333

2.0502666667

2.22755

4.3883666667

2.0970333333

2.26495

4.472

2.1195666667

2.3117

4.5493

2.1682

2.3254

4.6242

2.1919666667

2.3596

4.7111333333

2.2373

2.42405

4.7742333333

2.2599333333

2.4579

4.8442

2.2879666667

2.4656

4.9255

2.3445333333



30B

		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang. Freq. (rad/s)

Tan d

0.16877

0.113275

0.1258733333

0.1660033333

0.15956

0.11191

0.1243866667

0.1609866667

0.154305

0.111775

0.1236533333

0.1591166667

0.15118

0.11189

0.1233633333

0.15708

0.15244

0.11105

0.1235366667

0.1561966667

0.15214

0.111145

0.12373

0.1564233333

0.148985

0.112125

0.1237

0.1552166667

0.15159

0.11308

0.1253266667

0.1562933333

0.153135

0.112645

0.1254633333

0.15625

0.15125

0.114505

0.1263066667

0.1560066667

0.15148

0.115945

0.1270533333

0.1563066667

0.151745

0.115475

0.1276666667

0.1569

0.15241

0.116595

0.1294533333

0.15727

0.15253

0.11684

0.1294533333

0.15674

0.15588

0.11772

0.1301866667

0.1579366667

0.15464

0.11886

0.1310633333

0.1585333333

0.15604

0.119815

0.1320966667

0.1586566667

0.156695

0.120555

0.13335

0.1602233333

0.15703

0.121695

0.13427

0.16106

0.15928

0.12295

0.1355466667

0.1610533333

0.15674

0.124195

0.1365166667

0.1620766667

0.157505

0.124845

0.1374533333

0.16262

0.160825

0.12643

0.1386066667

0.1635066667

0.160775

0.12729

0.1397266667

0.1645333333

0.16118

0.1284

0.141

0.16597

0.165695

0.1304

0.1423833333

0.16738

0.16484

0.131195

0.1436233333

0.1683366667

0.16821

0.13243

0.1449133333

0.1689966667

0.16813

0.13415

0.1462433333

0.1699033333

0.17015

0.135705

0.14763

0.1713533333

0.170925

0.137455

0.1486033333

0.1723633333

0.16798

0.138695

0.1499133333

0.1739033333

0.17224

0.138935

0.1509966667

0.17452

0.17326

0.140085

0.15209

0.1766066667

0.16807

0.141475

0.1533066667

0.1763033333

0.173035

0.143075

0.1542966667

0.1779566667

0.17572

0.14289

0.1551266667

0.17779

0.17693

0.143635

0.1563366667

0.1796666667

0.16164

0.14691

0.15669

0.1788766667

0.172295

0.147795

0.1572566667

0.1788833333

0.180385

0.14767

0.15804

0.1812833333



Tables

		



Control

1%

3%

5%

Ang. Freq. (rad/s)

E' (MPa)



		

		30B

								1%								3%								5%								Control

		Freq				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta

		rad/s				MPa		MPa						MPa		MPa						MPa		MPa						Pa		Pa

		1				1.6655		0.28397		0.170695				15.4855		2.179		0.140715				24.4285		3.46965		0.142495				20.6156666667		2.3872666667		0.1174233333

		1.12202				1.7039		0.277155		0.16281				15.6625		2.17045		0.13858				24.7175		3.4574		0.14028				20.8316666667		2.39		0.1161866667

		1.25893				1.7356		0.28299		0.163205				15.8105		2.17055		0.13729				24.967		3.4564		0.138835				21.0366666667		2.4207333333		0.1163333333

		1.41254				1.75955		0.275435		0.15668				15.9575		2.18385		0.136865				25.219		3.479		0.13831				21.249		2.4363333333		0.1157833333

		1.58489				1.78835		0.27674		0.15484				16.0985		2.1992		0.136615				25.458		3.48805		0.137335				21.4313333333		2.4633666667		0.1160433333

		1.77828				1.81095		0.28458		0.157205				16.237		2.21		0.136115				25.694		3.51845		0.137285				21.618		2.5031666667		0.11681

		1.99526				1.8367		0.280605		0.15289				16.388		2.21985		0.13546				25.924		3.55705		0.137535				21.8076666667		2.5335333333		0.1171866667

		2.23872				1.85225		0.292165		0.15781				16.5235		2.2602		0.13679				26.153		3.5855		0.13742				22.0053333333		2.5729666667		0.1179166667

		2.51189				1.8805		0.295915		0.15741				16.6695		2.292		0.137505				26.4		3.6253		0.13763				22.2083333333		2.6216		0.1189733333

		2.81838				1.90205		0.291155		0.153115				16.8255		2.3283		0.138385				26.615		3.6771		0.138445				22.425		2.6495		0.1189866667

		3.16228				1.92475		0.29877		0.15526				16.977		2.3469		0.138245				26.854		3.71495		0.1386				22.6246666667		2.6971333333		0.1200166667

		3.54813				1.9479		0.305545		0.15688				17.124		2.36395		0.13805				27.121		3.7686		0.13924				22.7713333333		2.7265666667		0.12051

		3.98107				1.97075		0.30104		0.152775				17.2995		2.4073		0.139155				27.3715		3.81655		0.139705				23.0096666667		2.7642		0.1207133333

		4.46684				1.9988		0.319255		0.159735				17.44		2.43785		0.139785				27.6245		3.85365		0.13977				23.2176666667		2.8274666667		0.12248

		5.01187				2.02465		0.319645		0.15789				17.5915		2.4738		0.140625				27.8605		3.90205		0.1403				23.396		2.8715666667		0.12342

		5.62341				2.04415		0.32632		0.159635				17.7485		2.5058		0.14118				28.113		3.9548		0.14093				23.6103333333		2.9254666667		0.1245766667

		6.30957				2.07165		0.32817		0.15841				17.921		2.5418		0.141835				28.39		4.0101		0.141505				23.8573333333		2.9706		0.1251

		7.07946				2.09565		0.325575		0.15535				18.0945		2.57675		0.142405				28.6455		4.07065		0.14234				24.0656666667		3.0342		0.12679

		7.94328				2.1142		0.33741		0.159585				18.2625		2.62085		0.14351				28.924		4.12595		0.14288				24.294		3.0859		0.1276066667

		8.91251				2.1448		0.344465		0.160595				18.434		2.6589		0.144235				29.196		4.19495		0.143915				24.4973333333		3.1446		0.12894

		10				2.16925		0.350275		0.16146				18.6165		2.70665		0.145385				29.4745		4.2505		0.144435				24.725		3.1936666667		0.1297633333

		11.2202				2.19465		0.35251		0.160585				18.796		2.74975		0.14629				29.7615		4.3231		0.145465				24.988		3.2553333333		0.1307666667

		12.5893				2.22455		0.35837		0.161095				18.978		2.79385		0.14721				30.057		4.3907		0.146295				25.1993333333		3.3138		0.1320466667

		14.1254				2.252		0.374075		0.166095				19.1755		2.8399		0.148095				30.355		4.45505		0.146975				25.4416666667		3.3735333333		0.13309

		15.8489				2.27845		0.38567		0.16926				19.36		2.8793		0.14872				30.591		4.5266		0.148215				25.6903333333		3.4342666667		0.13419

		17.7828				2.30625		0.3912		0.169605				19.568		2.9494		0.15072				30.877		4.6065		0.149425				25.9856666667		3.5212333333		0.13601

		19.9526				2.3383		0.397065		0.16976				19.7575		2.99275		0.15147				31.197		4.6923		0.150655				26.2513333333		3.5876666667		0.1371266667

		22.3872				2.3588		0.401645		0.17023				19.967		3.044		0.152445				31.5045		4.7638		0.151445				26.484		3.6509		0.1382766667

		25.1189				2.38595		0.40386		0.16922				20.179		3.097		0.15347				31.825		4.8397		0.152305				26.7506666667		3.7275		0.1397133333

		28.1838				2.4093		0.407085		0.168965				20.393		3.1555		0.154725				32.088		4.92345		0.15365				27.026		3.7883666667		0.1405233333

		31.6228				2.44865		0.421075		0.171935				20.6055		3.20275		0.155425				32.4195		5.0043		0.15456				27.309		3.8684666667		0.1419266667

		35.4813				2.4898		0.41803		0.16786				20.832		3.25805		0.15639				32.7595		5.088		0.1555				27.594		3.9412666667		0.14314

		39.8107				2.5195		0.428115		0.16987				21.035		3.31275		0.15748				33.1105		5.17155		0.15638				27.887		4.0078666667		0.1439433333

		44.6684				2.52405		0.445095		0.17628				21.268		3.3745		0.158655				33.4605		5.258		0.157335				28.1876666667		4.0851333333		0.14507

		50.1187				2.54265		0.452115		0.177805				21.4905		3.4099		0.15866				33.827		5.33545		0.157925				28.5083333333		4.1692666667		0.1463966667

		56.2341				2.58795		0.46448		0.17946				21.7275		3.49035		0.160635				34.2235		5.4191		0.15852				28.828		4.223		0.1465366667

		63.0957				2.63245		0.45125		0.171325				21.9745		3.52925		0.1606				34.581		5.5068		0.15943				29.166		4.2997		0.1474633333

		70.7946				2.65265		0.48722		0.18374				22.229		3.5816		0.16111				34.9885		5.59975		0.16023				29.4843333333		4.3583333333		0.14743

		79.4328				2.68125		0.46647		0.173975				22.486		3.65935		0.162735				35.3805		5.66435		0.16028				29.8736666667		4.4559		0.1491033333

		89.1251				2.6922		0.470345		0.17458				22.7115		3.7169		0.16365				35.7765		5.7338		0.160445				30.259		4.501		0.14848

		100				2.7082		0.51109		0.18878				22.9975		3.71515		0.16154				36.158		5.81865		0.16112				30.6376666667		4.5808		0.14917





		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang. Freq. (rad/s)

E" (MPa)

1.0861

0.28397

2.179

3.46965

1.0621

0.277155

2.17045

3.4574

1.05005

0.28299

2.17055

3.4564

1.0418

0.275435

2.18385

3.479

1.0393

0.27674

2.1992

3.48805

1.04985

0.28458

2.21

3.51845

1.05145

0.280605

2.21985

3.55705

1.0687

0.292165

2.2602

3.5855

1.0683

0.295915

2.292

3.6253

1.07735

0.291155

2.3283

3.6771

1.0755

0.29877

2.3469

3.71495

1.0962

0.305545

2.36395

3.7686

1.1136

0.30104

2.4073

3.81655

1.12175

0.319255

2.43785

3.85365

1.1415

0.319645

2.4738

3.90205

1.1499

0.32632

2.5058

3.9548

1.1633

0.32817

2.5418

4.0101

1.18165

0.325575

2.57675

4.07065

1.20085

0.33741

2.62085

4.12595

1.22335

0.344465

2.6589

4.19495

1.22935

0.350275

2.70665

4.2505

1.25225

0.35251

2.74975

4.3231

1.27015

0.35837

2.79385

4.3907

1.29275

0.374075

2.8399

4.45505

1.31015

0.38567

2.8793

4.5266

1.34025

0.3912

2.9494

4.6065

1.36435

0.397065

2.99275

4.6923

1.3804

0.401645

3.044

4.7638

1.41495
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		30B		E' (MPa)						E'' (MPa)						tan_delta
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		1%		1.67		2.17		2.71		0.28		0.35		0.51		0.171		0.161		0.189

		3%		15.49		18.62		23.00		2.18		2.71		3.72		0.141		0.145		0.162

		5%		24.43		29.47		36.16		3.47		4.25		5.82		0.142		0.144		0.161

		Fullerene

		wgt%		1		10		100		1		10		100		1		10		100

		0%		2.38		3.03		3.78		0.41		0.48		0.69		0.169		0.157		0.180

		1%		12.06		14.11		16.66		1.37		1.75		2.47		0.113		0.124		0.148

		3%		21.41		25.45		31.19		2.68		3.47		4.93		0.126		0.137		0.158

		5%		8.44		10.29		12.95		1.39		1.67		2.34		0.166		0.162		0.181
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		2.81838		2.81838

		3.16228		3.16228
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		39.8107		39.8107

		44.6684		44.6684

		50.1187		50.1187

		56.2341		56.2341

		63.0957		63.0957

		70.7946		70.7946
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		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228
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3.71515

5.81865



Fullerene

		

		Fullerene				25C

								1%								3%								5%								Control

		Freq				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta

		rad/s				MPa		MPa						MPa		MPa						MPa		MPa						MPa		MPa

		1				12.0595		1.3657		0.113275				21.407		2.683467		0.125873				8.443233		1.393933		0.166003				20.6156666667		2.3872666667		0.1174233333

		1.12202				12.174		1.36215		0.11191				21.595		2.676833		0.124387				8.5605		1.3732		0.160987				20.8316666667		2.39		0.1161866667

		1.25893				12.261		1.3704		0.111775				21.76333		2.683367		0.123653				8.654		1.371133		0.159117				21.0366666667		2.4207333333		0.1163333333

		1.41254				12.3495		1.3819		0.11189				21.96233		2.7006		0.123363				8.748033		1.369467		0.15708				21.249		2.4363333333		0.1157833333

		1.58489				12.445		1.38215		0.11105				22.14167		2.7271		0.123537				8.816933		1.371767		0.156197				21.4313333333		2.4633666667		0.1160433333

		1.77828				12.535		1.3936		0.111145				22.32633		2.754		0.12373				8.909733		1.388967		0.156423				21.618		2.5031666667		0.11681

		1.99526				12.6335		1.41685		0.112125				22.52433		2.780067		0.1237				8.973267		1.388767		0.155217				21.8076666667		2.5335333333		0.1171866667

		2.23872				12.723		1.43915		0.11308				22.702		2.8376		0.125327				9.0622		1.412767		0.156293				22.0053333333		2.5729666667		0.1179166667

		2.51189				12.8235		1.44515		0.112645				22.903		2.865333		0.125463				9.1494		1.425733		0.15625				22.2083333333		2.6216		0.1189733333

		2.81838				12.9205		1.48015		0.114505				23.088		2.908167		0.126307				9.220767		1.433733		0.156007				22.425		2.6495		0.1189866667

		3.16228				13.016		1.51005		0.115945				23.27567		2.949567		0.127053				9.306733		1.449833		0.156307				22.6246666667		2.6971333333		0.1200166667

		3.54813				13.133		1.5174		0.115475				23.48967		2.991867		0.127667				9.405733		1.471667		0.1569				22.7713333333		2.7265666667		0.12051

		3.98107				13.222		1.54275		0.116595				23.67833		3.0579		0.129453				9.491467		1.4892		0.15727				23.0096666667		2.7642		0.1207133333

		4.46684				13.3345		1.5592		0.11684				23.89633		3.086167		0.129453				9.5905		1.4995		0.15674				23.2176666667		2.8274666667		0.12248

		5.01187				13.433		1.58285		0.11772				24.101		3.130833		0.130187				9.682367		1.525467		0.157937				23.396		2.8715666667		0.12342

		5.62341				13.5485		1.6119		0.11886				24.32167		3.179533		0.131063				9.7798		1.546033		0.158533				23.6103333333		2.9254666667		0.1245766667

		6.30957				13.663		1.63865		0.119815				24.537		3.234367		0.132097				9.886233		1.565567		0.158657				23.8573333333		2.9706		0.1251

		7.07946				13.759		1.6605		0.120555				24.75833		3.294367		0.13335				9.978733		1.594833		0.160223				24.0656666667		3.0342		0.12679

		7.94328				13.8875		1.6919		0.121695				24.98		3.3466		0.13427				10.0853		1.6205		0.16106				24.294		3.0859		0.1276066667

		8.91251				13.991		1.72215		0.12295				25.215		3.4108		0.135547				10.18833		1.6374		0.161053				24.4973333333		3.1446		0.12894

		10				14.112		1.7548		0.124195				25.45233		3.468067		0.136517				10.2924		1.6655		0.162077				24.725		3.1936666667		0.1297633333

		11.2202				14.2345		1.77945		0.124845				25.69233		3.525033		0.137453				10.40637		1.6887		0.16262				24.988		3.2553333333		0.1307666667

		12.5893				14.3545		1.8173		0.12643				25.94067		3.5884		0.138607				10.51723		1.716567		0.163507				25.1993333333		3.3138		0.1320466667

		14.1254				14.5195		1.8504		0.12729				26.18833		3.652433		0.139727				10.6251		1.745267		0.164533				25.4416666667		3.3735333333		0.13309

		15.8489				14.6065		1.87835		0.1284				26.44233		3.721767		0.141				10.73913		1.778833		0.16597				25.6903333333		3.4342666667		0.13419

		17.7828				14.772		1.9288		0.1304				26.7		3.794433		0.142383				10.86097		1.815267		0.16738				25.9856666667		3.5212333333		0.13601

		19.9526				14.906		1.95835		0.131195				26.96433		3.865867		0.143623				10.98447		1.8461		0.168337				26.2513333333		3.5876666667		0.1371266667

		22.3872				15.034		1.9941		0.13243				27.235		3.9402		0.144913				11.10743		1.874733		0.168997				26.484		3.6509		0.1382766667

		25.1189				15.1705		2.03845		0.13415				27.482		4.012667		0.146243				11.2378		1.906167		0.169903				26.7506666667		3.7275		0.1397133333

		28.1838				15.302		2.0801		0.135705				27.76233		4.091433		0.14763				11.3644		1.9443		0.171353				27.026		3.7883666667		0.1405233333

		31.6228				15.4315		2.1245		0.137455				28.046		4.161767		0.148603				11.49947		1.979567		0.172363				27.309		3.8684666667		0.1419266667

		35.4813				15.566		2.16315		0.138695				28.297		4.2368		0.149913				11.64167		2.020467		0.173903				27.594		3.9412666667		0.14314

		39.8107				15.7165		2.18795		0.138935				28.58933		4.311433		0.150997				11.76667		2.050267		0.17452				27.887		4.0078666667		0.1439433333

		44.6684				15.8685		2.22755		0.140085				28.89167		4.388367		0.15209				11.895		2.097033		0.176607				28.1876666667		4.0851333333		0.14507

		50.1187				15.9765		2.26495		0.141475				29.201		4.472		0.153307				12.03867		2.119567		0.176303				28.5083333333		4.1692666667		0.1463966667

		56.2341				16.1235		2.3117		0.143075				29.526		4.5493		0.154297				12.19833		2.1682		0.177957				28.828		4.223		0.1465366667

		63.0957				16.2295		2.3254		0.14289				29.84567		4.6242		0.155127				12.348		2.191967		0.17779				29.166		4.2997		0.1474633333

		70.7946				16.376		2.3596		0.143635				30.17033		4.711133		0.156337				12.489		2.2373		0.179667				29.4843333333		4.3583333333		0.14743

		79.4328				16.456		2.42405		0.14691				30.515		4.774233		0.15669				12.63833		2.259933		0.178877				29.8736666667		4.4559		0.1491033333

		89.1251				16.567		2.4579		0.147795				30.86333		4.8442		0.157257				12.80467		2.287967		0.178883				30.259		4.501		0.14848

		100				16.657		2.4656		0.14767				31.19267		4.9255		0.15804				12.945		2.344533		0.181283				30.6376666667		4.5808		0.14917





Fullerene

		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang Freq (rad/sec)

E" (MPa)

1.3657

2.6834666667

1.3939333333

1.36215

2.6768333333

1.3732

1.3704

2.6833666667

1.3711333333

1.3819

2.7006

1.3694666667

1.38215

2.7271

1.3717666667

1.3936

2.754

1.3889666667

1.41685

2.7800666667

1.3887666667

1.43915

2.8376

1.4127666667

1.44515

2.8653333333

1.4257333333

1.48015

2.9081666667

1.4337333333

1.51005

2.9495666667

1.4498333333

1.5174

2.9918666667

1.4716666667

1.54275

3.0579

1.4892

1.5592

3.0861666667

1.4995

1.58285

3.1308333333

1.5254666667

1.6119

3.1795333333

1.5460333333

1.63865

3.2343666667

1.5655666667

1.6605

3.2943666667

1.5948333333

1.6919

3.3466

1.6205

1.72215

3.4108

1.6374

1.7548

3.4680666667

1.6655

1.77945

3.5250333333

1.6887

1.8173

3.5884

1.7165666667

1.8504

3.6524333333

1.7452666667

1.87835

3.7217666667

1.7788333333

1.9288

3.7944333333

1.8152666667

1.95835

3.8658666667

1.8461

1.9941

3.9402

1.8747333333

2.03845

4.0126666667

1.9061666667

2.0801

4.0914333333

1.9443

2.1245

4.1617666667

1.9795666667

2.16315

4.2368

2.0204666667

2.18795

4.3114333333

2.0502666667

2.22755

4.3883666667

2.0970333333

2.26495

4.472

2.1195666667

2.3117

4.5493

2.1682

2.3254

4.6242

2.1919666667

2.3596

4.7111333333

2.2373

2.42405

4.7742333333

2.2599333333

2.4579

4.8442

2.2879666667

2.4656

4.9255

2.3445333333



30B

		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang. Freq. (rad/s)

Tan d

0.16877

0.113275

0.1258733333

0.1660033333

0.15956

0.11191

0.1243866667

0.1609866667

0.154305

0.111775

0.1236533333

0.1591166667

0.15118

0.11189

0.1233633333

0.15708

0.15244

0.11105

0.1235366667

0.1561966667

0.15214

0.111145

0.12373

0.1564233333

0.148985

0.112125

0.1237

0.1552166667

0.15159

0.11308

0.1253266667

0.1562933333

0.153135

0.112645

0.1254633333

0.15625

0.15125

0.114505

0.1263066667

0.1560066667

0.15148

0.115945

0.1270533333

0.1563066667

0.151745

0.115475

0.1276666667

0.1569

0.15241

0.116595

0.1294533333

0.15727

0.15253

0.11684

0.1294533333

0.15674

0.15588

0.11772

0.1301866667

0.1579366667

0.15464

0.11886

0.1310633333

0.1585333333

0.15604

0.119815

0.1320966667

0.1586566667

0.156695

0.120555

0.13335

0.1602233333

0.15703

0.121695

0.13427

0.16106

0.15928

0.12295

0.1355466667

0.1610533333

0.15674

0.124195

0.1365166667

0.1620766667

0.157505

0.124845

0.1374533333

0.16262

0.160825

0.12643

0.1386066667

0.1635066667

0.160775

0.12729

0.1397266667

0.1645333333

0.16118

0.1284

0.141

0.16597

0.165695

0.1304

0.1423833333

0.16738

0.16484

0.131195

0.1436233333

0.1683366667

0.16821

0.13243

0.1449133333

0.1689966667

0.16813

0.13415

0.1462433333

0.1699033333

0.17015

0.135705

0.14763

0.1713533333

0.170925

0.137455

0.1486033333

0.1723633333

0.16798

0.138695

0.1499133333

0.1739033333

0.17224

0.138935

0.1509966667

0.17452

0.17326

0.140085

0.15209

0.1766066667

0.16807

0.141475

0.1533066667

0.1763033333

0.173035

0.143075

0.1542966667

0.1779566667

0.17572

0.14289

0.1551266667

0.17779

0.17693

0.143635

0.1563366667

0.1796666667

0.16164

0.14691

0.15669

0.1788766667

0.172295

0.147795

0.1572566667

0.1788833333

0.180385

0.14767

0.15804

0.1812833333



Tables

		



Control

1%

3%

5%

Ang. Freq. (rad/s)

E' (MPa)



		

		30B

								1%								3%								5%								Control

		Freq				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta

		rad/s				MPa		MPa						MPa		MPa						MPa		MPa						Pa		Pa

		1				1.6655		0.28397		0.170695				15.4855		2.179		0.140715				24.4285		3.46965		0.142495				20.6156666667		2.3872666667		0.1174233333

		1.12202				1.7039		0.277155		0.16281				15.6625		2.17045		0.13858				24.7175		3.4574		0.14028				20.8316666667		2.39		0.1161866667

		1.25893				1.7356		0.28299		0.163205				15.8105		2.17055		0.13729				24.967		3.4564		0.138835				21.0366666667		2.4207333333		0.1163333333

		1.41254				1.75955		0.275435		0.15668				15.9575		2.18385		0.136865				25.219		3.479		0.13831				21.249		2.4363333333		0.1157833333

		1.58489				1.78835		0.27674		0.15484				16.0985		2.1992		0.136615				25.458		3.48805		0.137335				21.4313333333		2.4633666667		0.1160433333

		1.77828				1.81095		0.28458		0.157205				16.237		2.21		0.136115				25.694		3.51845		0.137285				21.618		2.5031666667		0.11681

		1.99526				1.8367		0.280605		0.15289				16.388		2.21985		0.13546				25.924		3.55705		0.137535				21.8076666667		2.5335333333		0.1171866667

		2.23872				1.85225		0.292165		0.15781				16.5235		2.2602		0.13679				26.153		3.5855		0.13742				22.0053333333		2.5729666667		0.1179166667

		2.51189				1.8805		0.295915		0.15741				16.6695		2.292		0.137505				26.4		3.6253		0.13763				22.2083333333		2.6216		0.1189733333

		2.81838				1.90205		0.291155		0.153115				16.8255		2.3283		0.138385				26.615		3.6771		0.138445				22.425		2.6495		0.1189866667

		3.16228				1.92475		0.29877		0.15526				16.977		2.3469		0.138245				26.854		3.71495		0.1386				22.6246666667		2.6971333333		0.1200166667

		3.54813				1.9479		0.305545		0.15688				17.124		2.36395		0.13805				27.121		3.7686		0.13924				22.7713333333		2.7265666667		0.12051

		3.98107				1.97075		0.30104		0.152775				17.2995		2.4073		0.139155				27.3715		3.81655		0.139705				23.0096666667		2.7642		0.1207133333

		4.46684				1.9988		0.319255		0.159735				17.44		2.43785		0.139785				27.6245		3.85365		0.13977				23.2176666667		2.8274666667		0.12248

		5.01187				2.02465		0.319645		0.15789				17.5915		2.4738		0.140625				27.8605		3.90205		0.1403				23.396		2.8715666667		0.12342

		5.62341				2.04415		0.32632		0.159635				17.7485		2.5058		0.14118				28.113		3.9548		0.14093				23.6103333333		2.9254666667		0.1245766667

		6.30957				2.07165		0.32817		0.15841				17.921		2.5418		0.141835				28.39		4.0101		0.141505				23.8573333333		2.9706		0.1251

		7.07946				2.09565		0.325575		0.15535				18.0945		2.57675		0.142405				28.6455		4.07065		0.14234				24.0656666667		3.0342		0.12679

		7.94328				2.1142		0.33741		0.159585				18.2625		2.62085		0.14351				28.924		4.12595		0.14288				24.294		3.0859		0.1276066667

		8.91251				2.1448		0.344465		0.160595				18.434		2.6589		0.144235				29.196		4.19495		0.143915				24.4973333333		3.1446		0.12894

		10				2.16925		0.350275		0.16146				18.6165		2.70665		0.145385				29.4745		4.2505		0.144435				24.725		3.1936666667		0.1297633333

		11.2202				2.19465		0.35251		0.160585				18.796		2.74975		0.14629				29.7615		4.3231		0.145465				24.988		3.2553333333		0.1307666667

		12.5893				2.22455		0.35837		0.161095				18.978		2.79385		0.14721				30.057		4.3907		0.146295				25.1993333333		3.3138		0.1320466667

		14.1254				2.252		0.374075		0.166095				19.1755		2.8399		0.148095				30.355		4.45505		0.146975				25.4416666667		3.3735333333		0.13309

		15.8489				2.27845		0.38567		0.16926				19.36		2.8793		0.14872				30.591		4.5266		0.148215				25.6903333333		3.4342666667		0.13419

		17.7828				2.30625		0.3912		0.169605				19.568		2.9494		0.15072				30.877		4.6065		0.149425				25.9856666667		3.5212333333		0.13601

		19.9526				2.3383		0.397065		0.16976				19.7575		2.99275		0.15147				31.197		4.6923		0.150655				26.2513333333		3.5876666667		0.1371266667

		22.3872				2.3588		0.401645		0.17023				19.967		3.044		0.152445				31.5045		4.7638		0.151445				26.484		3.6509		0.1382766667

		25.1189				2.38595		0.40386		0.16922				20.179		3.097		0.15347				31.825		4.8397		0.152305				26.7506666667		3.7275		0.1397133333

		28.1838				2.4093		0.407085		0.168965				20.393		3.1555		0.154725				32.088		4.92345		0.15365				27.026		3.7883666667		0.1405233333

		31.6228				2.44865		0.421075		0.171935				20.6055		3.20275		0.155425				32.4195		5.0043		0.15456				27.309		3.8684666667		0.1419266667

		35.4813				2.4898		0.41803		0.16786				20.832		3.25805		0.15639				32.7595		5.088		0.1555				27.594		3.9412666667		0.14314

		39.8107				2.5195		0.428115		0.16987				21.035		3.31275		0.15748				33.1105		5.17155		0.15638				27.887		4.0078666667		0.1439433333

		44.6684				2.52405		0.445095		0.17628				21.268		3.3745		0.158655				33.4605		5.258		0.157335				28.1876666667		4.0851333333		0.14507

		50.1187				2.54265		0.452115		0.177805				21.4905		3.4099		0.15866				33.827		5.33545		0.157925				28.5083333333		4.1692666667		0.1463966667

		56.2341				2.58795		0.46448		0.17946				21.7275		3.49035		0.160635				34.2235		5.4191		0.15852				28.828		4.223		0.1465366667

		63.0957				2.63245		0.45125		0.171325				21.9745		3.52925		0.1606				34.581		5.5068		0.15943				29.166		4.2997		0.1474633333

		70.7946				2.65265		0.48722		0.18374				22.229		3.5816		0.16111				34.9885		5.59975		0.16023				29.4843333333		4.3583333333		0.14743

		79.4328				2.68125		0.46647		0.173975				22.486		3.65935		0.162735				35.3805		5.66435		0.16028				29.8736666667		4.4559		0.1491033333

		89.1251				2.6922		0.470345		0.17458				22.7115		3.7169		0.16365				35.7765		5.7338		0.160445				30.259		4.501		0.14848

		100				2.7082		0.51109		0.18878				22.9975		3.71515		0.16154				36.158		5.81865		0.16112				30.6376666667		4.5808		0.14917





		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang. Freq. (rad/s)

E" (MPa)

1.0861

0.28397

2.179

3.46965

1.0621

0.277155

2.17045

3.4574

1.05005

0.28299

2.17055

3.4564

1.0418

0.275435

2.18385

3.479

1.0393

0.27674

2.1992

3.48805

1.04985

0.28458

2.21

3.51845

1.05145

0.280605

2.21985

3.55705

1.0687

0.292165

2.2602

3.5855

1.0683

0.295915

2.292

3.6253

1.07735

0.291155

2.3283

3.6771

1.0755

0.29877

2.3469

3.71495

1.0962

0.305545

2.36395

3.7686

1.1136

0.30104

2.4073

3.81655

1.12175

0.319255

2.43785

3.85365

1.1415

0.319645

2.4738

3.90205

1.1499

0.32632

2.5058

3.9548

1.1633

0.32817

2.5418

4.0101

1.18165

0.325575

2.57675

4.07065

1.20085

0.33741

2.62085

4.12595

1.22335

0.344465

2.6589

4.19495

1.22935

0.350275

2.70665

4.2505

1.25225

0.35251

2.74975

4.3231

1.27015

0.35837

2.79385

4.3907

1.29275

0.374075

2.8399

4.45505

1.31015

0.38567

2.8793

4.5266

1.34025

0.3912

2.9494

4.6065

1.36435

0.397065

2.99275

4.6923

1.3804

0.401645

3.044

4.7638

1.41495

0.40386

3.097

4.8397

1.43445

0.407085

3.1555

4.92345

1.45425

0.421075

3.20275

5.0043

1.4907

0.41803

3.25805

5.088

1.5103

0.428115

3.31275

5.17155

1.5392

0.445095

3.3745

5.258

1.57715

0.452115

3.4099

5.33545

1.59695

0.46448

3.49035

5.4191

1.62485

0.45125

3.52925

5.5068

1.6532

0.48722

3.5816

5.59975

1.63725

0.46647

3.65935

5.66435

1.66435

0.470345

3.7169

5.7338

1.73075

0.51109

3.71515

5.81865



		



Control

1%

3%

5%

Ang. Freq. (rad/s)

Tan d



		



Control

1%

3%

5%

Ang. Freq. (rad/s)

E' (MPa)



		

		30B		E' (MPa)						E'' (MPa)						tan_delta

		wgt%		1		10		100		1		10		100		1		10		100

		0%		5.47		6.76		8.59		1.09		6.76		1.73		0.198		0.182		0.202

		1%		1.67		2.17		2.71		0.28		0.35		0.51		0.171		0.161		0.189

		3%		15.49		18.62		23.00		2.18		2.71		3.72		0.141		0.145		0.162

		5%		24.43		29.47		36.16		3.47		4.25		5.82		0.142		0.144		0.161

		Fullerene

		wgt%		1		10		100		1		10		100		1		10		100

		0%		2.38		3.03		3.78		0.41		0.48		0.69		0.169		0.157		0.180

		1%		12.06		14.11		16.66		1.37		1.75		2.47		0.113		0.124		0.148

		3%		21.41		25.45		31.19		2.68		3.47		4.93		0.126		0.137		0.158

		5%		8.44		10.29		12.95		1.39		1.67		2.34		0.166		0.162		0.181





		1		1

		1.12202		1.12202

		1.25893		1.25893

		1.41254		1.41254

		1.58489		1.58489

		1.77828		1.77828

		1.99526		1.99526

		2.23872		2.23872

		2.51189		2.51189

		2.81838		2.81838

		3.16228		3.16228

		3.54813		3.54813

		3.98107		3.98107

		4.46684		4.46684

		5.01187		5.01187

		5.62341		5.62341

		6.30957		6.30957

		7.07946		7.07946

		7.94328		7.94328

		8.91251		8.91251

		10		10

		11.2202		11.2202

		12.5893		12.5893

		14.1254		14.1254

		15.8489		15.8489

		17.7828		17.7828

		19.9526		19.9526

		22.3872		22.3872

		25.1189		25.1189

		28.1838		28.1838

		31.6228		31.6228

		35.4813		35.4813

		39.8107		39.8107

		44.6684		44.6684

		50.1187		50.1187

		56.2341		56.2341

		63.0957		63.0957

		70.7946		70.7946

		79.4328		79.4328

		89.1251		89.1251

		100		100



5% 30B

3% Full.

Ang. Freq. (rad/s)

E" (MPa)

E"

3.46965

2.683467

3.4574

2.676833

3.4564

2.683367

3.479

2.7006

3.48805

2.7271

3.51845

2.754

3.55705

2.780067

3.5855

2.8376

3.6253

2.865333

3.6771

2.908167

3.71495

2.949567

3.7686

2.991867

3.81655

3.0579

3.85365

3.086167

3.90205

3.130833

3.9548

3.179533

4.0101

3.234367

4.07065

3.294367

4.12595

3.3466

4.19495

3.4108

4.2505

3.468067

4.3231

3.525033

4.3907

3.5884

4.45505

3.652433

4.5266

3.721767

4.6065

3.794433

4.6923

3.865867

4.7638

3.9402

4.8397

4.012667

4.92345

4.091433

5.0043

4.161767

5.088

4.2368

5.17155

4.311433

5.258

4.388367

5.33545

4.472

5.4191

4.5493

5.5068

4.6242

5.59975

4.711133

5.66435

4.774233

5.7338

4.8442

5.81865

4.9255



		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



1%

3%

5%

Control

Ang.Freq (rad/s)

E" (MPa)

E" 30B

0.28397

2.179

3.46965

1.0861

0.277155

2.17045

3.4574

1.0621

0.28299

2.17055

3.4564

1.05005

0.275435

2.18385

3.479

1.0418

0.27674

2.1992

3.48805

1.0393

0.28458

2.21

3.51845

1.04985

0.280605

2.21985

3.55705

1.05145

0.292165

2.2602

3.5855

1.0687

0.295915

2.292

3.6253

1.0683

0.291155

2.3283

3.6771

1.07735

0.29877

2.3469

3.71495

1.0755

0.305545

2.36395

3.7686

1.0962

0.30104

2.4073

3.81655

1.1136

0.319255

2.43785

3.85365

1.12175

0.319645

2.4738
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								1%								3%								5%								Control

		Freq				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta

		rad/s				MPa		MPa						MPa		MPa						MPa		MPa						MPa		MPa

		1				12.0595		1.3657		0.113275				21.407		2.683467		0.125873				8.443233		1.393933		0.166003				20.6156666667		2.3872666667		0.1174233333

		1.12202				12.174		1.36215		0.11191				21.595		2.676833		0.124387				8.5605		1.3732		0.160987				20.8316666667		2.39		0.1161866667

		1.25893				12.261		1.3704		0.111775				21.76333		2.683367		0.123653				8.654		1.371133		0.159117				21.0366666667		2.4207333333		0.1163333333

		1.41254				12.3495		1.3819		0.11189				21.96233		2.7006		0.123363				8.748033		1.369467		0.15708				21.249		2.4363333333		0.1157833333

		1.58489				12.445		1.38215		0.11105				22.14167		2.7271		0.123537				8.816933		1.371767		0.156197				21.4313333333		2.4633666667		0.1160433333

		1.77828				12.535		1.3936		0.111145				22.32633		2.754		0.12373				8.909733		1.388967		0.156423				21.618		2.5031666667		0.11681

		1.99526				12.6335		1.41685		0.112125				22.52433		2.780067		0.1237				8.973267		1.388767		0.155217				21.8076666667		2.5335333333		0.1171866667

		2.23872				12.723		1.43915		0.11308				22.702		2.8376		0.125327				9.0622		1.412767		0.156293				22.0053333333		2.5729666667		0.1179166667

		2.51189				12.8235		1.44515		0.112645				22.903		2.865333		0.125463				9.1494		1.425733		0.15625				22.2083333333		2.6216		0.1189733333

		2.81838				12.9205		1.48015		0.114505				23.088		2.908167		0.126307				9.220767		1.433733		0.156007				22.425		2.6495		0.1189866667

		3.16228				13.016		1.51005		0.115945				23.27567		2.949567		0.127053				9.306733		1.449833		0.156307				22.6246666667		2.6971333333		0.1200166667

		3.54813				13.133		1.5174		0.115475				23.48967		2.991867		0.127667				9.405733		1.471667		0.1569				22.7713333333		2.7265666667		0.12051

		3.98107				13.222		1.54275		0.116595				23.67833		3.0579		0.129453				9.491467		1.4892		0.15727				23.0096666667		2.7642		0.1207133333

		4.46684				13.3345		1.5592		0.11684				23.89633		3.086167		0.129453				9.5905		1.4995		0.15674				23.2176666667		2.8274666667		0.12248

		5.01187				13.433		1.58285		0.11772				24.101		3.130833		0.130187				9.682367		1.525467		0.157937				23.396		2.8715666667		0.12342

		5.62341				13.5485		1.6119		0.11886				24.32167		3.179533		0.131063				9.7798		1.546033		0.158533				23.6103333333		2.9254666667		0.1245766667

		6.30957				13.663		1.63865		0.119815				24.537		3.234367		0.132097				9.886233		1.565567		0.158657				23.8573333333		2.9706		0.1251

		7.07946				13.759		1.6605		0.120555				24.75833		3.294367		0.13335				9.978733		1.594833		0.160223				24.0656666667		3.0342		0.12679

		7.94328				13.8875		1.6919		0.121695				24.98		3.3466		0.13427				10.0853		1.6205		0.16106				24.294		3.0859		0.1276066667

		8.91251				13.991		1.72215		0.12295				25.215		3.4108		0.135547				10.18833		1.6374		0.161053				24.4973333333		3.1446		0.12894

		10				14.112		1.7548		0.124195				25.45233		3.468067		0.136517				10.2924		1.6655		0.162077				24.725		3.1936666667		0.1297633333

		11.2202				14.2345		1.77945		0.124845				25.69233		3.525033		0.137453				10.40637		1.6887		0.16262				24.988		3.2553333333		0.1307666667

		12.5893				14.3545		1.8173		0.12643				25.94067		3.5884		0.138607				10.51723		1.716567		0.163507				25.1993333333		3.3138		0.1320466667

		14.1254				14.5195		1.8504		0.12729				26.18833		3.652433		0.139727				10.6251		1.745267		0.164533				25.4416666667		3.3735333333		0.13309

		15.8489				14.6065		1.87835		0.1284				26.44233		3.721767		0.141				10.73913		1.778833		0.16597				25.6903333333		3.4342666667		0.13419

		17.7828				14.772		1.9288		0.1304				26.7		3.794433		0.142383				10.86097		1.815267		0.16738				25.9856666667		3.5212333333		0.13601

		19.9526				14.906		1.95835		0.131195				26.96433		3.865867		0.143623				10.98447		1.8461		0.168337				26.2513333333		3.5876666667		0.1371266667

		22.3872				15.034		1.9941		0.13243				27.235		3.9402		0.144913				11.10743		1.874733		0.168997				26.484		3.6509		0.1382766667

		25.1189				15.1705		2.03845		0.13415				27.482		4.012667		0.146243				11.2378		1.906167		0.169903				26.7506666667		3.7275		0.1397133333

		28.1838				15.302		2.0801		0.135705				27.76233		4.091433		0.14763				11.3644		1.9443		0.171353				27.026		3.7883666667		0.1405233333

		31.6228				15.4315		2.1245		0.137455				28.046		4.161767		0.148603				11.49947		1.979567		0.172363				27.309		3.8684666667		0.1419266667

		35.4813				15.566		2.16315		0.138695				28.297		4.2368		0.149913				11.64167		2.020467		0.173903				27.594		3.9412666667		0.14314

		39.8107				15.7165		2.18795		0.138935				28.58933		4.311433		0.150997				11.76667		2.050267		0.17452				27.887		4.0078666667		0.1439433333

		44.6684				15.8685		2.22755		0.140085				28.89167		4.388367		0.15209				11.895		2.097033		0.176607				28.1876666667		4.0851333333		0.14507

		50.1187				15.9765		2.26495		0.141475				29.201		4.472		0.153307				12.03867		2.119567		0.176303				28.5083333333		4.1692666667		0.1463966667

		56.2341				16.1235		2.3117		0.143075				29.526		4.5493		0.154297				12.19833		2.1682		0.177957				28.828		4.223		0.1465366667

		63.0957				16.2295		2.3254		0.14289				29.84567		4.6242		0.155127				12.348		2.191967		0.17779				29.166		4.2997		0.1474633333

		70.7946				16.376		2.3596		0.143635				30.17033		4.711133		0.156337				12.489		2.2373		0.179667				29.4843333333		4.3583333333		0.14743

		79.4328				16.456		2.42405		0.14691				30.515		4.774233		0.15669				12.63833		2.259933		0.178877				29.8736666667		4.4559		0.1491033333

		89.1251				16.567		2.4579		0.147795				30.86333		4.8442		0.157257				12.80467		2.287967		0.178883				30.259		4.501		0.14848

		100				16.657		2.4656		0.14767				31.19267		4.9255		0.15804				12.945		2.344533		0.181283				30.6376666667		4.5808		0.14917





Fullerene

		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang Freq (rad/sec)

E" (MPa)

1.3657

2.6834666667

1.3939333333

1.36215

2.6768333333

1.3732

1.3704

2.6833666667

1.3711333333

1.3819

2.7006

1.3694666667

1.38215

2.7271

1.3717666667

1.3936

2.754

1.3889666667

1.41685

2.7800666667

1.3887666667

1.43915

2.8376

1.4127666667

1.44515

2.8653333333

1.4257333333

1.48015

2.9081666667

1.4337333333

1.51005

2.9495666667

1.4498333333

1.5174

2.9918666667

1.4716666667

1.54275

3.0579

1.4892

1.5592

3.0861666667

1.4995

1.58285

3.1308333333

1.5254666667

1.6119

3.1795333333

1.5460333333

1.63865

3.2343666667

1.5655666667

1.6605

3.2943666667

1.5948333333

1.6919

3.3466

1.6205

1.72215

3.4108

1.6374

1.7548

3.4680666667

1.6655

1.77945

3.5250333333

1.6887

1.8173

3.5884

1.7165666667

1.8504

3.6524333333

1.7452666667

1.87835

3.7217666667

1.7788333333

1.9288

3.7944333333

1.8152666667

1.95835

3.8658666667

1.8461

1.9941

3.9402

1.8747333333

2.03845

4.0126666667

1.9061666667

2.0801

4.0914333333

1.9443

2.1245

4.1617666667

1.9795666667

2.16315

4.2368

2.0204666667

2.18795

4.3114333333

2.0502666667

2.22755

4.3883666667

2.0970333333

2.26495

4.472

2.1195666667

2.3117

4.5493

2.1682

2.3254

4.6242

2.1919666667

2.3596

4.7111333333

2.2373

2.42405

4.7742333333

2.2599333333

2.4579

4.8442

2.2879666667

2.4656

4.9255

2.3445333333



30B

		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang. Freq. (rad/s)

Tan d

0.16877

0.113275

0.1258733333

0.1660033333

0.15956

0.11191

0.1243866667

0.1609866667

0.154305

0.111775

0.1236533333

0.1591166667

0.15118

0.11189

0.1233633333

0.15708

0.15244

0.11105

0.1235366667

0.1561966667

0.15214

0.111145

0.12373

0.1564233333

0.148985

0.112125

0.1237

0.1552166667

0.15159

0.11308

0.1253266667

0.1562933333

0.153135

0.112645

0.1254633333

0.15625

0.15125

0.114505

0.1263066667

0.1560066667

0.15148

0.115945

0.1270533333

0.1563066667

0.151745

0.115475

0.1276666667

0.1569

0.15241

0.116595

0.1294533333

0.15727

0.15253

0.11684

0.1294533333

0.15674

0.15588

0.11772

0.1301866667

0.1579366667

0.15464

0.11886

0.1310633333

0.1585333333

0.15604

0.119815

0.1320966667

0.1586566667

0.156695

0.120555

0.13335

0.1602233333

0.15703

0.121695

0.13427

0.16106

0.15928

0.12295

0.1355466667

0.1610533333

0.15674

0.124195

0.1365166667

0.1620766667

0.157505

0.124845

0.1374533333

0.16262

0.160825

0.12643

0.1386066667

0.1635066667

0.160775

0.12729

0.1397266667

0.1645333333

0.16118

0.1284

0.141

0.16597

0.165695

0.1304

0.1423833333

0.16738

0.16484

0.131195

0.1436233333

0.1683366667

0.16821

0.13243

0.1449133333

0.1689966667

0.16813

0.13415

0.1462433333

0.1699033333

0.17015

0.135705

0.14763

0.1713533333

0.170925

0.137455

0.1486033333

0.1723633333

0.16798

0.138695

0.1499133333

0.1739033333

0.17224

0.138935

0.1509966667

0.17452

0.17326

0.140085

0.15209

0.1766066667

0.16807

0.141475

0.1533066667

0.1763033333

0.173035

0.143075

0.1542966667

0.1779566667

0.17572

0.14289

0.1551266667

0.17779

0.17693

0.143635

0.1563366667

0.1796666667

0.16164

0.14691

0.15669

0.1788766667

0.172295

0.147795

0.1572566667

0.1788833333

0.180385

0.14767

0.15804

0.1812833333



Tables

		



Control

1%

3%

5%

Ang. Freq. (rad/s)

E' (MPa)



		

		30B

								1%								3%								5%								Control

		Freq				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta

		rad/s				MPa		MPa						MPa		MPa						MPa		MPa						Pa		Pa

		1				1.6655		0.28397		0.170695				15.4855		2.179		0.140715				24.4285		3.46965		0.142495				5.47475		1.0861		0.19839

		1.12202				1.7039		0.277155		0.16281				15.6625		2.17045		0.13858				24.7175		3.4574		0.14028				5.567		1.0621		0.190795

		1.25893				1.7356		0.28299		0.163205				15.8105		2.17055		0.13729				24.967		3.4564		0.138835				5.62345		1.05005		0.186735

		1.41254				1.75955		0.275435		0.15668				15.9575		2.18385		0.136865				25.219		3.479		0.13831				5.679		1.0418		0.18345

		1.58489				1.78835		0.27674		0.15484				16.0985		2.1992		0.136615				25.458		3.48805		0.137335				5.7328		1.0393		0.181295

		1.77828				1.81095		0.28458		0.157205				16.237		2.21		0.136115				25.694		3.51845		0.137285				5.79145		1.04985		0.18128

		1.99526				1.8367		0.280605		0.15289				16.388		2.21985		0.13546				25.924		3.55705		0.137535				5.84595		1.05145		0.179855

		2.23872				1.85225		0.292165		0.15781				16.5235		2.2602		0.13679				26.153		3.5855		0.13742				5.9055		1.0687		0.180975

		2.51189				1.8805		0.295915		0.15741				16.6695		2.292		0.137505				26.4		3.6253		0.13763				5.95365		1.0683		0.179445

		2.81838				1.90205		0.291155		0.153115				16.8255		2.3283		0.138385				26.615		3.6771		0.138445				6.01325		1.07735		0.17917

		3.16228				1.92475		0.29877		0.15526				16.977		2.3469		0.138245				26.854		3.71495		0.1386				6.07575		1.0755		0.177005

		3.54813				1.9479		0.305545		0.15688				17.124		2.36395		0.13805				27.121		3.7686		0.13924				6.13995		1.0962		0.17856

		3.98107				1.97075		0.30104		0.152775				17.2995		2.4073		0.139155				27.3715		3.81655		0.139705				6.2035		1.1136		0.17954

		4.46684				1.9988		0.319255		0.159735				17.44		2.43785		0.139785				27.6245		3.85365		0.13977				6.25795		1.12175		0.17928

		5.01187				2.02465		0.319645		0.15789				17.5915		2.4738		0.140625				27.8605		3.90205		0.1403				6.3275		1.1415		0.180395

		5.62341				2.04415		0.32632		0.159635				17.7485		2.5058		0.14118				28.113		3.9548		0.14093				6.39265		1.1499		0.179895

		6.30957				2.07165		0.32817		0.15841				17.921		2.5418		0.141835				28.39		4.0101		0.141505				6.46365		1.1633		0.18

		7.07946				2.09565		0.325575		0.15535				18.0945		2.57675		0.142405				28.6455		4.07065		0.14234				6.53035		1.18165		0.18095

		7.94328				2.1142		0.33741		0.159585				18.2625		2.62085		0.14351				28.924		4.12595		0.14288				6.6021		1.20085		0.18191

		8.91251				2.1448		0.344465		0.160595				18.434		2.6589		0.144235				29.196		4.19495		0.143915				6.6848		1.22335		0.18301

		10				2.16925		0.350275		0.16146				18.6165		2.70665		0.145385				29.4745		4.2505		0.144435				6.7622		1.22935		0.18183

		11.2202				2.19465		0.35251		0.160585				18.796		2.74975		0.14629				29.7615		4.3231		0.145465				6.8377		1.25225		0.183155

		12.5893				2.22455		0.35837		0.161095				18.978		2.79385		0.14721				30.057		4.3907		0.146295				6.91535		1.27015		0.18365

		14.1254				2.252		0.374075		0.166095				19.1755		2.8399		0.148095				30.355		4.45505		0.146975				6.9988		1.29275		0.18472

		15.8489				2.27845		0.38567		0.16926				19.36		2.8793		0.14872				30.591		4.5266		0.148215				7.08205		1.31015		0.184965

		17.7828				2.30625		0.3912		0.169605				19.568		2.9494		0.15072				30.877		4.6065		0.149425				7.16445		1.34025		0.187095

		19.9526				2.3383		0.397065		0.16976				19.7575		2.99275		0.15147				31.197		4.6923		0.150655				7.25125		1.36435		0.188145

		22.3872				2.3588		0.401645		0.17023				19.967		3.044		0.152445				31.5045		4.7638		0.151445				7.33975		1.3804		0.188075

		25.1189				2.38595		0.40386		0.16922				20.179		3.097		0.15347				31.825		4.8397		0.152305				7.4319		1.41495		0.190385

		28.1838				2.4093		0.407085		0.168965				20.393		3.1555		0.154725				32.088		4.92345		0.15365				7.5207		1.43445		0.190715

		31.6228				2.44865		0.421075		0.171935				20.6055		3.20275		0.155425				32.4195		5.0043		0.15456				7.60995		1.45425		0.19109

		35.4813				2.4898		0.41803		0.16786				20.832		3.25805		0.15639				32.7595		5.088		0.1555				7.70855		1.4907		0.19338

		39.8107				2.5195		0.428115		0.16987				21.035		3.31275		0.15748				33.1105		5.17155		0.15638				7.80965		1.5103		0.193345

		44.6684				2.52405		0.445095		0.17628				21.268		3.3745		0.158655				33.4605		5.258		0.157335				7.9103		1.5392		0.19455

		50.1187				2.54265		0.452115		0.177805				21.4905		3.4099		0.15866				33.827		5.33545		0.157925				8.02745		1.57715		0.196515

		56.2341				2.58795		0.46448		0.17946				21.7275		3.49035		0.160635				34.2235		5.4191		0.15852				8.11995		1.59695		0.196575

		63.0957				2.63245		0.45125		0.171325				21.9745		3.52925		0.1606				34.581		5.5068		0.15943				8.2127		1.62485		0.197945

		70.7946				2.65265		0.48722		0.18374				22.229		3.5816		0.16111				34.9885		5.59975		0.16023				8.2967		1.6532		0.199345

		79.4328				2.68125		0.46647		0.173975				22.486		3.65935		0.162735				35.3805		5.66435		0.16028				8.4195		1.63725		0.19424

		89.1251				2.6922		0.470345		0.17458				22.7115		3.7169		0.16365				35.7765		5.7338		0.160445				8.50415		1.66435		0.195485

		100				2.7082		0.51109		0.18878				22.9975		3.71515		0.16154				36.158		5.81865		0.16112				8.588		1.73075		0.20164





		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838
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		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341
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		30B		E' (MPa)						E'' (MPa)						tan_delta
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		3%		21.41		25.45		31.19		2.68		3.47		4.93		0.126		0.137		0.158

		5%		8.44		10.29		12.95		1.39		1.67		2.34		0.166		0.162		0.181
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		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang Freq (rad/sec)

E" (MPa)

2.3872666667

1.3657

2.6834666667

1.3939333333

2.39

1.36215

2.6768333333

1.3732

2.4207333333

1.3704

2.6833666667

1.3711333333

2.4363333333

1.3819

2.7006

1.3694666667

2.4633666667

1.38215

2.7271

1.3717666667

2.5031666667

1.3936

2.754

1.3889666667

2.5335333333

1.41685

2.7800666667

1.3887666667

2.5729666667

1.43915

2.8376

1.4127666667

2.6216

1.44515

2.8653333333

1.4257333333

2.6495

1.48015

2.9081666667

1.4337333333

2.6971333333

1.51005

2.9495666667

1.4498333333

2.7265666667

1.5174

2.9918666667

1.4716666667

2.7642

1.54275

3.0579

1.4892

2.8274666667

1.5592

3.0861666667

1.4995

2.8715666667

1.58285

3.1308333333

1.5254666667

2.9254666667

1.6119

3.1795333333

1.5460333333

2.9706

1.63865

3.2343666667

1.5655666667

3.0342

1.6605

3.2943666667

1.5948333333

3.0859

1.6919

3.3466

1.6205

3.1446

1.72215

3.4108

1.6374

3.1936666667

1.7548

3.4680666667

1.6655

3.2553333333

1.77945

3.5250333333

1.6887

3.3138

1.8173

3.5884

1.7165666667

3.3735333333

1.8504

3.6524333333

1.7452666667

3.4342666667

1.87835

3.7217666667

1.7788333333

3.5212333333

1.9288

3.7944333333

1.8152666667

3.5876666667

1.95835

3.8658666667

1.8461

3.6509

1.9941

3.9402

1.8747333333

3.7275

2.03845

4.0126666667

1.9061666667

3.7883666667

2.0801

4.0914333333

1.9443

3.8684666667

2.1245

4.1617666667

1.9795666667

3.9412666667

2.16315

4.2368

2.0204666667

4.0078666667

2.18795

4.3114333333

2.0502666667

4.0851333333

2.22755

4.3883666667

2.0970333333

4.1692666667

2.26495

4.472

2.1195666667

4.223

2.3117

4.5493

2.1682

4.2997

2.3254

4.6242

2.1919666667

4.3583333333

2.3596

4.7111333333

2.2373

4.4559

2.42405

4.7742333333

2.2599333333

4.501

2.4579

4.8442

2.2879666667

4.5808

2.4656

4.9255

2.3445333333



Fullerene

		

		Fullerene				25C

								1%								3%								5%								Control

		Freq				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta

		rad/s				MPa		MPa						MPa		MPa						MPa		MPa						MPa		MPa

		1				12.0595		1.3657		0.113275				21.407		2.683467		0.125873				8.443233		1.393933		0.166003				20.6156666667		2.3872666667		0.1174233333

		1.12202				12.174		1.36215		0.11191				21.595		2.676833		0.124387				8.5605		1.3732		0.160987				20.8316666667		2.39		0.1161866667

		1.25893				12.261		1.3704		0.111775				21.76333		2.683367		0.123653				8.654		1.371133		0.159117				21.0366666667		2.4207333333		0.1163333333

		1.41254				12.3495		1.3819		0.11189				21.96233		2.7006		0.123363				8.748033		1.369467		0.15708				21.249		2.4363333333		0.1157833333

		1.58489				12.445		1.38215		0.11105				22.14167		2.7271		0.123537				8.816933		1.371767		0.156197				21.4313333333		2.4633666667		0.1160433333

		1.77828				12.535		1.3936		0.111145				22.32633		2.754		0.12373				8.909733		1.388967		0.156423				21.618		2.5031666667		0.11681

		1.99526				12.6335		1.41685		0.112125				22.52433		2.780067		0.1237				8.973267		1.388767		0.155217				21.8076666667		2.5335333333		0.1171866667

		2.23872				12.723		1.43915		0.11308				22.702		2.8376		0.125327				9.0622		1.412767		0.156293				22.0053333333		2.5729666667		0.1179166667

		2.51189				12.8235		1.44515		0.112645				22.903		2.865333		0.125463				9.1494		1.425733		0.15625				22.2083333333		2.6216		0.1189733333

		2.81838				12.9205		1.48015		0.114505				23.088		2.908167		0.126307				9.220767		1.433733		0.156007				22.425		2.6495		0.1189866667

		3.16228				13.016		1.51005		0.115945				23.27567		2.949567		0.127053				9.306733		1.449833		0.156307				22.6246666667		2.6971333333		0.1200166667

		3.54813				13.133		1.5174		0.115475				23.48967		2.991867		0.127667				9.405733		1.471667		0.1569				22.7713333333		2.7265666667		0.12051

		3.98107				13.222		1.54275		0.116595				23.67833		3.0579		0.129453				9.491467		1.4892		0.15727				23.0096666667		2.7642		0.1207133333

		4.46684				13.3345		1.5592		0.11684				23.89633		3.086167		0.129453				9.5905		1.4995		0.15674				23.2176666667		2.8274666667		0.12248

		5.01187				13.433		1.58285		0.11772				24.101		3.130833		0.130187				9.682367		1.525467		0.157937				23.396		2.8715666667		0.12342

		5.62341				13.5485		1.6119		0.11886				24.32167		3.179533		0.131063				9.7798		1.546033		0.158533				23.6103333333		2.9254666667		0.1245766667

		6.30957				13.663		1.63865		0.119815				24.537		3.234367		0.132097				9.886233		1.565567		0.158657				23.8573333333		2.9706		0.1251

		7.07946				13.759		1.6605		0.120555				24.75833		3.294367		0.13335				9.978733		1.594833		0.160223				24.0656666667		3.0342		0.12679

		7.94328				13.8875		1.6919		0.121695				24.98		3.3466		0.13427				10.0853		1.6205		0.16106				24.294		3.0859		0.1276066667

		8.91251				13.991		1.72215		0.12295				25.215		3.4108		0.135547				10.18833		1.6374		0.161053				24.4973333333		3.1446		0.12894

		10				14.112		1.7548		0.124195				25.45233		3.468067		0.136517				10.2924		1.6655		0.162077				24.725		3.1936666667		0.1297633333

		11.2202				14.2345		1.77945		0.124845				25.69233		3.525033		0.137453				10.40637		1.6887		0.16262				24.988		3.2553333333		0.1307666667

		12.5893				14.3545		1.8173		0.12643				25.94067		3.5884		0.138607				10.51723		1.716567		0.163507				25.1993333333		3.3138		0.1320466667

		14.1254				14.5195		1.8504		0.12729				26.18833		3.652433		0.139727				10.6251		1.745267		0.164533				25.4416666667		3.3735333333		0.13309

		15.8489				14.6065		1.87835		0.1284				26.44233		3.721767		0.141				10.73913		1.778833		0.16597				25.6903333333		3.4342666667		0.13419

		17.7828				14.772		1.9288		0.1304				26.7		3.794433		0.142383				10.86097		1.815267		0.16738				25.9856666667		3.5212333333		0.13601

		19.9526				14.906		1.95835		0.131195				26.96433		3.865867		0.143623				10.98447		1.8461		0.168337				26.2513333333		3.5876666667		0.1371266667

		22.3872				15.034		1.9941		0.13243				27.235		3.9402		0.144913				11.10743		1.874733		0.168997				26.484		3.6509		0.1382766667

		25.1189				15.1705		2.03845		0.13415				27.482		4.012667		0.146243				11.2378		1.906167		0.169903				26.7506666667		3.7275		0.1397133333

		28.1838				15.302		2.0801		0.135705				27.76233		4.091433		0.14763				11.3644		1.9443		0.171353				27.026		3.7883666667		0.1405233333

		31.6228				15.4315		2.1245		0.137455				28.046		4.161767		0.148603				11.49947		1.979567		0.172363				27.309		3.8684666667		0.1419266667

		35.4813				15.566		2.16315		0.138695				28.297		4.2368		0.149913				11.64167		2.020467		0.173903				27.594		3.9412666667		0.14314

		39.8107				15.7165		2.18795		0.138935				28.58933		4.311433		0.150997				11.76667		2.050267		0.17452				27.887		4.0078666667		0.1439433333

		44.6684				15.8685		2.22755		0.140085				28.89167		4.388367		0.15209				11.895		2.097033		0.176607				28.1876666667		4.0851333333		0.14507

		50.1187				15.9765		2.26495		0.141475				29.201		4.472		0.153307				12.03867		2.119567		0.176303				28.5083333333		4.1692666667		0.1463966667

		56.2341				16.1235		2.3117		0.143075				29.526		4.5493		0.154297				12.19833		2.1682		0.177957				28.828		4.223		0.1465366667

		63.0957				16.2295		2.3254		0.14289				29.84567		4.6242		0.155127				12.348		2.191967		0.17779				29.166		4.2997		0.1474633333

		70.7946				16.376		2.3596		0.143635				30.17033		4.711133		0.156337				12.489		2.2373		0.179667				29.4843333333		4.3583333333		0.14743

		79.4328				16.456		2.42405		0.14691				30.515		4.774233		0.15669				12.63833		2.259933		0.178877				29.8736666667		4.4559		0.1491033333

		89.1251				16.567		2.4579		0.147795				30.86333		4.8442		0.157257				12.80467		2.287967		0.178883				30.259		4.501		0.14848

		100				16.657		2.4656		0.14767				31.19267		4.9255		0.15804				12.945		2.344533		0.181283				30.6376666667		4.5808		0.14917





Fullerene

		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang Freq (rad/sec)

E" (MPa)

1.3657

2.6834666667

1.3939333333

1.36215

2.6768333333

1.3732

1.3704

2.6833666667

1.3711333333

1.3819

2.7006

1.3694666667

1.38215

2.7271

1.3717666667

1.3936

2.754

1.3889666667

1.41685

2.7800666667

1.3887666667

1.43915

2.8376

1.4127666667

1.44515

2.8653333333

1.4257333333

1.48015

2.9081666667

1.4337333333

1.51005

2.9495666667

1.4498333333

1.5174

2.9918666667

1.4716666667

1.54275

3.0579

1.4892

1.5592

3.0861666667

1.4995

1.58285

3.1308333333

1.5254666667

1.6119

3.1795333333

1.5460333333

1.63865

3.2343666667

1.5655666667

1.6605

3.2943666667

1.5948333333

1.6919

3.3466

1.6205

1.72215

3.4108

1.6374

1.7548

3.4680666667

1.6655

1.77945

3.5250333333

1.6887

1.8173

3.5884

1.7165666667

1.8504

3.6524333333

1.7452666667

1.87835

3.7217666667

1.7788333333

1.9288

3.7944333333

1.8152666667

1.95835

3.8658666667

1.8461

1.9941

3.9402

1.8747333333

2.03845

4.0126666667

1.9061666667

2.0801

4.0914333333

1.9443

2.1245

4.1617666667

1.9795666667

2.16315

4.2368

2.0204666667

2.18795

4.3114333333

2.0502666667

2.22755

4.3883666667

2.0970333333

2.26495

4.472

2.1195666667

2.3117

4.5493

2.1682

2.3254

4.6242

2.1919666667

2.3596

4.7111333333

2.2373

2.42405

4.7742333333

2.2599333333

2.4579

4.8442

2.2879666667

2.4656

4.9255

2.3445333333



30B

		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang. Freq. (rad/s)

Tan d

0.16877

0.113275

0.1258733333

0.1660033333

0.15956

0.11191

0.1243866667

0.1609866667

0.154305

0.111775

0.1236533333

0.1591166667

0.15118

0.11189

0.1233633333

0.15708

0.15244

0.11105

0.1235366667

0.1561966667

0.15214

0.111145

0.12373

0.1564233333

0.148985

0.112125

0.1237

0.1552166667

0.15159

0.11308

0.1253266667

0.1562933333

0.153135

0.112645

0.1254633333

0.15625

0.15125

0.114505

0.1263066667

0.1560066667

0.15148

0.115945

0.1270533333

0.1563066667

0.151745

0.115475

0.1276666667

0.1569

0.15241

0.116595

0.1294533333

0.15727

0.15253

0.11684

0.1294533333

0.15674

0.15588

0.11772

0.1301866667

0.1579366667

0.15464

0.11886

0.1310633333

0.1585333333

0.15604

0.119815

0.1320966667

0.1586566667

0.156695

0.120555

0.13335

0.1602233333

0.15703

0.121695

0.13427

0.16106

0.15928

0.12295

0.1355466667

0.1610533333

0.15674

0.124195

0.1365166667

0.1620766667

0.157505

0.124845

0.1374533333

0.16262

0.160825

0.12643

0.1386066667

0.1635066667

0.160775

0.12729

0.1397266667

0.1645333333

0.16118

0.1284

0.141

0.16597

0.165695

0.1304

0.1423833333

0.16738

0.16484

0.131195

0.1436233333

0.1683366667

0.16821

0.13243

0.1449133333

0.1689966667

0.16813

0.13415

0.1462433333

0.1699033333

0.17015

0.135705

0.14763

0.1713533333

0.170925

0.137455

0.1486033333

0.1723633333

0.16798

0.138695

0.1499133333

0.1739033333

0.17224

0.138935

0.1509966667

0.17452

0.17326

0.140085

0.15209

0.1766066667

0.16807

0.141475

0.1533066667

0.1763033333

0.173035

0.143075

0.1542966667

0.1779566667

0.17572

0.14289

0.1551266667

0.17779

0.17693

0.143635

0.1563366667

0.1796666667

0.16164

0.14691

0.15669

0.1788766667

0.172295

0.147795

0.1572566667

0.1788833333

0.180385

0.14767

0.15804

0.1812833333



Tables

		



Control

1%

3%

5%

Ang. Freq. (rad/s)

E' (MPa)



		

		30B

								1%								3%								5%								Control

		Freq				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta				E'		E"		tan_delta

		rad/s				MPa		MPa						MPa		MPa						MPa		MPa						Pa		Pa

		1				1.6655		0.28397		0.170695				15.4855		2.179		0.140715				24.4285		3.46965		0.142495				5.47475		1.0861		0.19839

		1.12202				1.7039		0.277155		0.16281				15.6625		2.17045		0.13858				24.7175		3.4574		0.14028				5.567		1.0621		0.190795

		1.25893				1.7356		0.28299		0.163205				15.8105		2.17055		0.13729				24.967		3.4564		0.138835				5.62345		1.05005		0.186735

		1.41254				1.75955		0.275435		0.15668				15.9575		2.18385		0.136865				25.219		3.479		0.13831				5.679		1.0418		0.18345

		1.58489				1.78835		0.27674		0.15484				16.0985		2.1992		0.136615				25.458		3.48805		0.137335				5.7328		1.0393		0.181295

		1.77828				1.81095		0.28458		0.157205				16.237		2.21		0.136115				25.694		3.51845		0.137285				5.79145		1.04985		0.18128

		1.99526				1.8367		0.280605		0.15289				16.388		2.21985		0.13546				25.924		3.55705		0.137535				5.84595		1.05145		0.179855

		2.23872				1.85225		0.292165		0.15781				16.5235		2.2602		0.13679				26.153		3.5855		0.13742				5.9055		1.0687		0.180975

		2.51189				1.8805		0.295915		0.15741				16.6695		2.292		0.137505				26.4		3.6253		0.13763				5.95365		1.0683		0.179445

		2.81838				1.90205		0.291155		0.153115				16.8255		2.3283		0.138385				26.615		3.6771		0.138445				6.01325		1.07735		0.17917

		3.16228				1.92475		0.29877		0.15526				16.977		2.3469		0.138245				26.854		3.71495		0.1386				6.07575		1.0755		0.177005

		3.54813				1.9479		0.305545		0.15688				17.124		2.36395		0.13805				27.121		3.7686		0.13924				6.13995		1.0962		0.17856

		3.98107				1.97075		0.30104		0.152775				17.2995		2.4073		0.139155				27.3715		3.81655		0.139705				6.2035		1.1136		0.17954

		4.46684				1.9988		0.319255		0.159735				17.44		2.43785		0.139785				27.6245		3.85365		0.13977				6.25795		1.12175		0.17928

		5.01187				2.02465		0.319645		0.15789				17.5915		2.4738		0.140625				27.8605		3.90205		0.1403				6.3275		1.1415		0.180395

		5.62341				2.04415		0.32632		0.159635				17.7485		2.5058		0.14118				28.113		3.9548		0.14093				6.39265		1.1499		0.179895

		6.30957				2.07165		0.32817		0.15841				17.921		2.5418		0.141835				28.39		4.0101		0.141505				6.46365		1.1633		0.18

		7.07946				2.09565		0.325575		0.15535				18.0945		2.57675		0.142405				28.6455		4.07065		0.14234				6.53035		1.18165		0.18095

		7.94328				2.1142		0.33741		0.159585				18.2625		2.62085		0.14351				28.924		4.12595		0.14288				6.6021		1.20085		0.18191

		8.91251				2.1448		0.344465		0.160595				18.434		2.6589		0.144235				29.196		4.19495		0.143915				6.6848		1.22335		0.18301

		10				2.16925		0.350275		0.16146				18.6165		2.70665		0.145385				29.4745		4.2505		0.144435				6.7622		1.22935		0.18183

		11.2202				2.19465		0.35251		0.160585				18.796		2.74975		0.14629				29.7615		4.3231		0.145465				6.8377		1.25225		0.183155

		12.5893				2.22455		0.35837		0.161095				18.978		2.79385		0.14721				30.057		4.3907		0.146295				6.91535		1.27015		0.18365

		14.1254				2.252		0.374075		0.166095				19.1755		2.8399		0.148095				30.355		4.45505		0.146975				6.9988		1.29275		0.18472

		15.8489				2.27845		0.38567		0.16926				19.36		2.8793		0.14872				30.591		4.5266		0.148215				7.08205		1.31015		0.184965

		17.7828				2.30625		0.3912		0.169605				19.568		2.9494		0.15072				30.877		4.6065		0.149425				7.16445		1.34025		0.187095

		19.9526				2.3383		0.397065		0.16976				19.7575		2.99275		0.15147				31.197		4.6923		0.150655				7.25125		1.36435		0.188145

		22.3872				2.3588		0.401645		0.17023				19.967		3.044		0.152445				31.5045		4.7638		0.151445				7.33975		1.3804		0.188075

		25.1189				2.38595		0.40386		0.16922				20.179		3.097		0.15347				31.825		4.8397		0.152305				7.4319		1.41495		0.190385

		28.1838				2.4093		0.407085		0.168965				20.393		3.1555		0.154725				32.088		4.92345		0.15365				7.5207		1.43445		0.190715

		31.6228				2.44865		0.421075		0.171935				20.6055		3.20275		0.155425				32.4195		5.0043		0.15456				7.60995		1.45425		0.19109

		35.4813				2.4898		0.41803		0.16786				20.832		3.25805		0.15639				32.7595		5.088		0.1555				7.70855		1.4907		0.19338

		39.8107				2.5195		0.428115		0.16987				21.035		3.31275		0.15748				33.1105		5.17155		0.15638				7.80965		1.5103		0.193345

		44.6684				2.52405		0.445095		0.17628				21.268		3.3745		0.158655				33.4605		5.258		0.157335				7.9103		1.5392		0.19455

		50.1187				2.54265		0.452115		0.177805				21.4905		3.4099		0.15866				33.827		5.33545		0.157925				8.02745		1.57715		0.196515

		56.2341				2.58795		0.46448		0.17946				21.7275		3.49035		0.160635				34.2235		5.4191		0.15852				8.11995		1.59695		0.196575

		63.0957				2.63245		0.45125		0.171325				21.9745		3.52925		0.1606				34.581		5.5068		0.15943				8.2127		1.62485		0.197945

		70.7946				2.65265		0.48722		0.18374				22.229		3.5816		0.16111				34.9885		5.59975		0.16023				8.2967		1.6532		0.199345

		79.4328				2.68125		0.46647		0.173975				22.486		3.65935		0.162735				35.3805		5.66435		0.16028				8.4195		1.63725		0.19424

		89.1251				2.6922		0.470345		0.17458				22.7115		3.7169		0.16365				35.7765		5.7338		0.160445				8.50415		1.66435		0.195485

		100				2.7082		0.51109		0.18878				22.9975		3.71515		0.16154				36.158		5.81865		0.16112				8.588		1.73075		0.20164





		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang. Freq. (rad/s)

E" (MPa)

1.0861

0.28397

2.179

3.46965

1.0621

0.277155

2.17045

3.4574

1.05005

0.28299

2.17055

3.4564

1.0418

0.275435

2.18385

3.479

1.0393

0.27674

2.1992

3.48805

1.04985

0.28458

2.21

3.51845

1.05145

0.280605

2.21985

3.55705

1.0687

0.292165

2.2602

3.5855

1.0683

0.295915

2.292

3.6253

1.07735

0.291155

2.3283

3.6771

1.0755

0.29877

2.3469

3.71495

1.0962

0.305545

2.36395

3.7686

1.1136

0.30104

2.4073

3.81655

1.12175

0.319255

2.43785

3.85365

1.1415

0.319645

2.4738

3.90205

1.1499

0.32632

2.5058

3.9548

1.1633

0.32817

2.5418

4.0101

1.18165

0.325575

2.57675

4.07065

1.20085

0.33741

2.62085

4.12595

1.22335

0.344465

2.6589

4.19495

1.22935

0.350275

2.70665

4.2505

1.25225

0.35251

2.74975

4.3231

1.27015

0.35837

2.79385

4.3907

1.29275

0.374075

2.8399

4.45505

1.31015

0.38567

2.8793

4.5266

1.34025

0.3912

2.9494

4.6065

1.36435

0.397065

2.99275

4.6923

1.3804

0.401645

3.044

4.7638

1.41495

0.40386

3.097

4.8397

1.43445

0.407085

3.1555

4.92345

1.45425

0.421075

3.20275

5.0043

1.4907

0.41803

3.25805

5.088

1.5103

0.428115

3.31275

5.17155

1.5392

0.445095

3.3745

5.258

1.57715

0.452115

3.4099

5.33545

1.59695

0.46448

3.49035

5.4191

1.62485

0.45125

3.52925

5.5068

1.6532

0.48722

3.5816

5.59975

1.63725

0.46647

3.65935

5.66435

1.66435

0.470345

3.7169

5.7338

1.73075

0.51109

3.71515

5.81865



		



Control

1%

3%

5%

Ang. Freq. (rad/s)

Tan d



		



Control

1%

3%

5%

Ang. Freq. (rad/s)

E' (MPa)



		

		30B		E' (MPa)						E'' (MPa)						tan_delta

		wgt%		1		10		100		1		10		100		1		10		100

		0%		5.47		6.76		8.59		1.09		6.76		1.73		0.198		0.182		0.202

		1%		1.67		2.17		2.71		0.28		0.35		0.51		0.171		0.161		0.189

		3%		15.49		18.62		23.00		2.18		2.71		3.72		0.141		0.145		0.162

		5%		24.43		29.47		36.16		3.47		4.25		5.82		0.142		0.144		0.161

		Fullerene

		wgt%		1		10		100		1		10		100		1		10		100

		0%		2.38		3.03		3.78		0.41		0.48		0.69		0.169		0.157		0.180

		1%		12.06		14.11		16.66		1.37		1.75		2.47		0.113		0.124		0.148

		3%		21.41		25.45		31.19		2.68		3.47		4.93		0.126		0.137		0.158

		5%		8.44		10.29		12.95		1.39		1.67		2.34		0.166		0.162		0.181





		1		1

		1.12202		1.12202

		1.25893		1.25893

		1.41254		1.41254

		1.58489		1.58489

		1.77828		1.77828

		1.99526		1.99526

		2.23872		2.23872

		2.51189		2.51189

		2.81838		2.81838

		3.16228		3.16228

		3.54813		3.54813

		3.98107		3.98107

		4.46684		4.46684

		5.01187		5.01187

		5.62341		5.62341

		6.30957		6.30957

		7.07946		7.07946

		7.94328		7.94328

		8.91251		8.91251

		10		10

		11.2202		11.2202

		12.5893		12.5893

		14.1254		14.1254

		15.8489		15.8489

		17.7828		17.7828

		19.9526		19.9526

		22.3872		22.3872

		25.1189		25.1189

		28.1838		28.1838

		31.6228		31.6228

		35.4813		35.4813

		39.8107		39.8107

		44.6684		44.6684

		50.1187		50.1187

		56.2341		56.2341

		63.0957		63.0957

		70.7946		70.7946

		79.4328		79.4328

		89.1251		89.1251

		100		100



5% 30B

3% Full.

Ang. Freq. (rad/s)

E" (MPa)

E"

3.46965

2.683467

3.4574

2.676833

3.4564

2.683367

3.479

2.7006

3.48805

2.7271

3.51845

2.754

3.55705

2.780067

3.5855

2.8376

3.6253

2.865333

3.6771

2.908167

3.71495

2.949567

3.7686

2.991867

3.81655

3.0579

3.85365

3.086167

3.90205

3.130833

3.9548

3.179533

4.0101

3.234367

4.07065

3.294367

4.12595

3.3466

4.19495

3.4108

4.2505

3.468067

4.3231

3.525033

4.3907

3.5884

4.45505

3.652433

4.5266

3.721767

4.6065

3.794433

4.6923

3.865867

4.7638

3.9402

4.8397

4.012667

4.92345

4.091433
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Fullerene

		Spray Coated Estane with Fullerene/Toluene on 9/27/2011

				Toluene

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3% (2)										3% Avg										5% (1)										5% (2)										5% Avg

				E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

				MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		20.6156666667		2.3872666667		0.1174233333				1		6.88E+07		9.82E+06		0.14278				1		5.32E+07		9.82E+06		0.18445						61.00		9.82		0.163615				1		1.11E+07		2.69E+06		0.24142				1		4.13E+07		9.35E+06		0.22669						2.63E+01		6.02E+00		0.234055				1		8.13E+06		1.90E+06		0.23368				1		2.39E+07		4.78E+06		0.19957						1.60E+01		3.34E+00		0.216625

		1.12202		20.8316666667		2.39		0.1161866667				1.12202		6.93E+07		9.83E+06		0.14179				1.12202		5.31E+07		9.66E+06		0.18196						61.20		9.74		0.161875				1.12202		1.14E+07		2.66E+06		0.2324				1.12202		4.11E+07		9.11E+06		0.22145						2.64E+01		5.88E+00		0.226925				1.12202		8.41E+06		1.85E+06		0.21958				1.12202		2.44E+07		4.67E+06		0.19164						1.64E+01		3.26E+00		0.20561

		1.25893		21.0366666667		2.4207333333		0.1163333333				1.25893		6.99E+07		9.83E+06		0.14075				1.25893		5.30E+07		9.51E+06		0.17947						61.43		9.67		0.16011				1.25893		1.16E+07		2.71E+06		0.23302				1.25893		4.11E+07		8.94E+06		0.21771						2.65E+01		5.82E+00		0.225365				1.25893		8.63E+06		1.84E+06		0.21326				1.25893		2.47E+07		4.63E+06		0.1871						1.67E+01		3.23E+00		0.20018

		1.41254		21.249		2.4363333333		0.1157833333				1.41254		7.03E+07		9.92E+06		0.14108				1.41254		5.31E+07		9.52E+06		0.17931						61.71		9.72		0.160195				1.41254		1.19E+07		2.70E+06		0.2272				1.41254		4.13E+07		8.81E+06		0.21351						2.67E+01		5.76E+00		0.220355				1.41254		8.82E+06		1.82E+06		0.20586				1.41254		2.51E+07		4.64E+06		0.18504						1.69E+01		3.23E+00		0.19545

		1.58489		21.4313333333		2.4633666667		0.1160433333				1.58489		7.09E+07		1.00E+07		0.14092				1.58489		5.33E+07		9.48E+06		0.178						62.10		9.74		0.15946				1.58489		1.21E+07		2.76E+06		0.22781				1.58489		4.15E+07		8.78E+06		0.21123						2.69E+01		5.77E+00		0.21952				1.58489		8.99E+06		1.82E+06		0.20288				1.58489		2.54E+07		4.65E+06		0.18284						1.72E+01		3.24E+00		0.19286

		1.77828		21.618		2.5031666667		0.11681				1.77828		7.15E+07		1.01E+07		0.14094				1.77828		5.35E+07		9.50E+06		0.17767						62.51		9.79		0.159305				1.77828		1.23E+07		2.75E+06		0.22318				1.77828		4.20E+07		8.79E+06		0.20951						2.73E+01		5.77E+00		0.216345				1.77828		9.18E+06		1.82E+06		0.19843				1.77828		2.58E+07		4.70E+06		0.18206						1.75E+01		3.26E+00		0.190245

		1.99526		21.8076666667		2.5335333333		0.1171866667				1.99526		7.21E+07		1.02E+07		0.14107				1.99526		5.38E+07		9.53E+06		0.17713						62.98		9.85		0.1591				1.99526		1.25E+07		2.78E+06		0.22186				1.99526		4.23E+07		8.75E+06		0.20695						2.75E+01		5.77E+00		0.214405				1.99526		9.32E+06		1.84E+06		0.19744				1.99526		2.61E+07		4.71E+06		0.18007						1.77E+01		3.27E+00		0.188755

		2.23872		22.0053333333		2.5729666667		0.1179166667				2.23872		7.27E+07		1.03E+07		0.14218				2.23872		5.41E+07		9.58E+06		0.17687						63.44		9.96		0.159525				2.23872		1.28E+07		2.81E+06		0.21996				2.23872		4.27E+07		8.84E+06		0.20693						2.79E+01		5.83E+00		0.213445				2.23872		9.50E+06		1.89E+06		0.19893				2.23872		2.65E+07		4.80E+06		0.18125						1.80E+01		3.34E+00		0.19009

		2.51189		22.2083333333		2.6216		0.1189733333				2.51189		7.34E+07		1.05E+07		0.14247				2.51189		5.45E+07		9.60E+06		0.1761						63.94		10.03		0.159285				2.51189		1.30E+07		2.86E+06		0.2208				2.51189		4.32E+07		8.90E+06		0.20609						2.82E+01		5.88E+00		0.213445				2.51189		9.64E+06		1.89E+06		0.19623				2.51189		2.68E+07		4.81E+06		0.17966						1.82E+01		3.35E+00		0.187945

		2.81838		22.425		2.6495		0.1189866667				2.81838		7.41E+07		1.06E+07		0.14366				2.81838		5.49E+07		9.72E+06		0.1771						64.49		10.18		0.16038				2.81838		1.32E+07		2.92E+06		0.22118				2.81838		4.36E+07		8.94E+06		0.20499						2.85E+01		5.93E+00		0.213085				2.81838		9.80E+06		1.90E+06		0.19438				2.81838		2.71E+07		4.93E+06		0.18172						1.85E+01		3.42E+00		0.18805

		3.16228		22.6246666667		2.6971333333		0.1200166667				3.16228		7.47E+07		1.08E+07		0.14427				3.16228		5.54E+07		9.83E+06		0.17746						65.04		10.30		0.160865				3.16228		1.34E+07		2.94E+06		0.22001				3.16228		4.41E+07		9.00E+06		0.20401						2.89E+01		5.97E+00		0.21201				3.16228		9.97E+06		1.91E+06		0.19133				3.16228		2.75E+07		4.95E+06		0.18035						1.87E+01		3.43E+00		0.18584

		3.54813		22.7713333333		2.7265666667		0.12051				3.54813		7.54E+07		1.09E+07		0.14425				3.54813		5.59E+07		9.87E+06		0.17672						65.61		10.37		0.160485				3.54813		1.36E+07		3.01E+06		0.22095				3.54813		4.46E+07		9.11E+06		0.20415						2.92E+01		6.06E+00		0.21255				3.54813		1.01E+07		1.96E+06		0.19369				3.54813		2.78E+07		5.03E+06		0.18077						1.90E+01		3.50E+00		0.18723

		3.98107		23.0096666667		2.7642		0.1207133333				3.98107		7.61E+07		1.11E+07		0.14523				3.98107		5.63E+07		1.00E+07		0.17771						66.23		10.53		0.16147				3.98107		1.38E+07		3.04E+06		0.21961				3.98107		4.52E+07		9.21E+06		0.20377						2.96E+01		6.12E+00		0.21169				3.98107		1.03E+07		1.99E+06		0.1939				3.98107		2.82E+07		5.09E+06		0.18094						1.92E+01		3.54E+00		0.18742

		4.46684		23.2176666667		2.8274666667		0.12248				4.46684		7.69E+07		1.12E+07		0.14576				4.46684		5.68E+07		1.01E+07		0.17767						66.84		10.65		0.161715				4.46684		1.40E+07		3.05E+06		0.2173				4.46684		4.58E+07		9.30E+06		0.20332						3.00E+01		6.18E+00		0.21031				4.46684		1.04E+07		2.00E+06		0.19207				4.46684		2.85E+07		5.14E+06		0.18009						1.95E+01		3.57E+00		0.18608

		5.01187		23.396		2.8715666667		0.12342				5.01187		7.76E+07		1.14E+07		0.14706				5.01187		5.73E+07		1.02E+07		0.17781						67.42		10.79		0.162435				5.01187		1.43E+07		3.09E+06		0.21667				5.01187		4.63E+07		9.40E+06		0.20302						3.04E+01		6.25E+00		0.209845				5.01187		1.06E+07		2.03E+06		0.1924				5.01187		2.88E+07		5.19E+06		0.17996						1.97E+01		3.61E+00		0.18618

		5.62341		23.6103333333		2.9254666667		0.1245766667				5.62341		7.83E+07		1.16E+07		0.1477				5.62341		5.78E+07		1.03E+07		0.17803						68.03		10.92		0.162865				5.62341		1.45E+07		3.15E+06		0.21687				5.62341		4.68E+07		9.49E+06		0.20264						3.08E+01		6.32E+00		0.209755				5.62341		1.07E+07		2.08E+06		0.19353				5.62341		2.92E+07		5.27E+06		0.18016						2.00E+01		3.67E+00		0.186845

		6.30957		23.8573333333		2.9706		0.1251				6.30957		7.90E+07		1.17E+07		0.14843				6.30957		5.83E+07		1.04E+07		0.17834						68.68		11.07		0.163385				6.30957		1.47E+07		3.20E+06		0.21707				6.30957		4.74E+07		9.62E+06		0.20287						3.12E+01		6.41E+00		0.20997				6.30957		1.09E+07		2.10E+06		0.19248				6.30957		2.96E+07		5.35E+06		0.18076						2.03E+01		3.73E+00		0.18662

		7.07946		24.0656666667		3.0342		0.12679				7.07946		7.98E+07		1.19E+07		0.14941				7.07946		5.89E+07		1.05E+07		0.17889						69.37		11.23		0.16415				7.07946		1.50E+07		3.27E+06		0.21843				7.07946		4.80E+07		9.75E+06		0.203						3.16E+01		6.51E+00		0.210715				7.07946		1.11E+07		2.14E+06		0.19355				7.07946		3.00E+07		5.43E+06		0.18102						2.05E+01		3.78E+00		0.187285

		7.94328		24.294		3.0859		0.1276066667				7.94328		8.06E+07		1.21E+07		0.15021				7.94328		5.95E+07		1.07E+07		0.17935						70.06		11.39		0.16478				7.94328		1.52E+07		3.32E+06		0.21793				7.94328		4.86E+07		9.87E+06		0.203						3.20E+01		6.59E+00		0.210465				7.94328		1.12E+07		2.17E+06		0.1938				7.94328		3.04E+07		5.48E+06		0.18029						2.08E+01		3.82E+00		0.187045

		8.91251		24.4973333333		3.1446		0.12894				8.91251		8.14E+07		1.23E+07		0.15122				8.91251		6.01E+07		1.08E+07		0.17988						70.76		11.56		0.16555				8.91251		1.55E+07		3.36E+06		0.2172				8.91251		4.92E+07		1.00E+07		0.20318						3.25E+01		6.68E+00		0.21019				8.91251		1.14E+07		2.20E+06		0.19322				8.91251		3.08E+07		5.59E+06		0.18193						2.11E+01		3.90E+00		0.187575

		10		24.725		3.1936666667		0.1297633333				10		8.22E+07		1.25E+07		0.15218				10		6.07E+07		1.09E+07		0.18005						71.44		11.72		0.166115				10		1.57E+07		3.41E+06		0.21692				10		4.99E+07		1.02E+07		0.2038						3.29E+01		6.79E+00		0.21036				10		1.16E+07		2.22E+06		0.19252				10		3.11E+07		5.66E+06		0.18199						2.13E+01		3.94E+00		0.187255

		11.2202		24.988		3.2553333333		0.1307666667				11.2202		8.31E+07		1.27E+07		0.1531				11.2202		6.13E+07		1.11E+07		0.18084						72.16		11.90		0.16697				11.2202		1.60E+07		3.46E+06		0.21714				11.2202		5.05E+07		1.03E+07		0.2041						3.34E+01		6.89E+00		0.21062				11.2202		1.17E+07		2.27E+06		0.19368				11.2202		3.15E+07		5.75E+06		0.18228						2.16E+01		4.01E+00		0.18798

		12.5893		25.1993333333		3.3138		0.1320466667				12.5893		8.39E+07		1.29E+07		0.1542				12.5893		6.19E+07		1.12E+07		0.18122						72.89		12.08		0.16771				12.5893		1.62E+07		3.51E+06		0.21629				12.5893		5.12E+07		1.05E+07		0.20497						3.38E+01		7.00E+00		0.21063				12.5893		1.19E+07		2.30E+06		0.19347				12.5893		3.19E+07		5.83E+06		0.18261						2.19E+01		4.06E+00		0.18804

		14.1254		25.4416666667		3.3735333333		0.13309				14.1254		8.48E+07		1.31E+07		0.15488				14.1254		6.25E+07		1.14E+07		0.18203						73.67		12.26		0.168455				14.1254		1.65E+07		3.58E+06		0.21705				14.1254		5.18E+07		1.06E+07		0.2047						3.43E+01		7.10E+00		0.210875				14.1254		1.21E+07		2.35E+06		0.19522				14.1254		3.24E+07		5.93E+06		0.18333						2.22E+01		4.14E+00		0.189275

		15.8489		25.6903333333		3.4342666667		0.13419				15.8489		8.57E+07		1.34E+07		0.15608				15.8489		6.32E+07		1.15E+07		0.18245						74.47		12.46		0.169265				15.8489		1.67E+07		3.64E+06		0.21748				15.8489		5.26E+07		1.08E+07		0.20516						3.48E+01		7.21E+00		0.21132				15.8489		1.22E+07		2.36E+06		0.19323				15.8489		3.27E+07		6.03E+06		0.18408						2.25E+01		4.20E+00		0.188655

		17.7828		25.9856666667		3.5212333333		0.13601				17.7828		8.66E+07		1.36E+07		0.15732				17.7828		6.39E+07		1.17E+07		0.18348						75.28		12.68		0.1704				17.7828		1.70E+07		3.72E+06		0.21891				17.7828		5.33E+07		1.10E+07		0.2059						3.53E+01		7.35E+00		0.212405				17.7828		1.24E+07		2.43E+06		0.19523				17.7828		3.32E+07		6.14E+06		0.18518						2.28E+01		4.28E+00		0.190205

		19.9526		26.2513333333		3.5876666667		0.1371266667				19.9526		8.73E+07		1.39E+07		0.15882				19.9526		6.46E+07		1.19E+07		0.18423						75.92		12.88		0.171525				19.9526		1.73E+07		3.78E+06		0.21842				19.9526		5.40E+07		1.11E+07		0.20606						3.58E+01		7.45E+00		0.21224				19.9526		1.26E+07		2.47E+06		0.19655				19.9526		3.36E+07		6.24E+06		0.18564						2.31E+01		4.36E+00		0.191095

		22.3872		26.484		3.6509		0.1382766667				22.3872		8.82E+07		1.41E+07		0.15987				22.3872		6.53E+07		1.21E+07		0.18486						76.72		13.08		0.172365				22.3872		1.76E+07		3.84E+06		0.21856				22.3872		5.47E+07		1.13E+07		0.20663						3.63E+01		7.57E+00		0.212595				22.3872		1.28E+07		2.52E+06		0.19741				22.3872		3.40E+07		6.34E+06		0.18614						2.34E+01		4.43E+00		0.191775

		25.1189		26.7506666667		3.7275		0.1397133333				25.1189		8.91E+07		1.44E+07		0.16122				25.1189		6.60E+07		1.23E+07		0.18582						77.54		13.31		0.17352				25.1189		1.79E+07		3.89E+06		0.21817				25.1189		5.55E+07		1.15E+07		0.20702						3.68E+01		7.69E+00		0.212595				25.1189		1.30E+07		2.55E+06		0.19646				25.1189		3.44E+07		6.43E+06		0.18702						2.37E+01		4.49E+00		0.19174

		28.1838		27.026		3.7883666667		0.1405233333				28.1838		9.01E+07		1.46E+07		0.16191				28.1838		6.68E+07		1.24E+07		0.18601						78.43		13.50		0.17396				28.1838		1.81E+07		3.96E+06		0.21839				28.1838		5.62E+07		1.16E+07		0.207						3.73E+01		7.80E+00		0.212695				28.1838		1.32E+07		2.60E+06		0.19791				28.1838		3.48E+07		6.55E+06		0.18829						2.40E+01		4.58E+00		0.1931

		31.6228		27.309		3.8684666667		0.1419266667				31.6228		9.11E+07		1.48E+07		0.16285				31.6228		6.75E+07		1.26E+07		0.18671						79.31		13.72		0.17478				31.6228		1.84E+07		4.04E+06		0.21945				31.6228		5.68E+07		1.18E+07		0.20844						3.78E+01		7.94E+00		0.213945				31.6228		1.33E+07		2.63E+06		0.19755				31.6228		3.53E+07		6.69E+06		0.18934						2.43E+01		4.66E+00		0.193445

		35.4813		27.594		3.9412666667		0.14314				35.4813		9.21E+07		1.51E+07		0.1638				35.4813		6.83E+07		1.28E+07		0.18744						80.23		13.95		0.17562				35.4813		1.87E+07		4.12E+06		0.21975				35.4813		5.75E+07		1.20E+07		0.20889						3.83E+01		8.07E+00		0.21432				35.4813		1.35E+07		2.69E+06		0.19862				35.4813		3.57E+07		6.77E+06		0.18938						2.46E+01		4.73E+00		0.194

		39.8107		27.887		4.0078666667		0.1439433333				39.8107		9.32E+07		1.53E+07		0.16469				39.8107		6.92E+07		1.30E+07		0.18815						81.18		14.18		0.17642				39.8107		1.90E+07		4.17E+06		0.21942				39.8107		5.83E+07		1.22E+07		0.20903						3.88E+01		8.18E+00		0.214225				39.8107		1.37E+07		2.72E+06		0.19849				39.8107		3.62E+07		6.88E+06		0.19003						2.50E+01		4.80E+00		0.19426

		44.6684		28.1876666667		4.0851333333		0.14507				44.6684		9.43E+07		1.56E+07		0.16569				44.6684		7.00E+07		1.32E+07		0.18831						82.12		14.40		0.177				44.6684		1.93E+07		4.26E+06		0.2205				44.6684		5.92E+07		1.24E+07		0.20972						3.94E+01		8.33E+00		0.21511				44.6684		1.39E+07		2.77E+06		0.19871				44.6684		3.67E+07		6.99E+06		0.19048						2.53E+01		4.88E+00		0.194595

		50.1187		28.5083333333		4.1692666667		0.1463966667				50.1187		9.54E+07		1.58E+07		0.16606				50.1187		7.08E+07		1.34E+07		0.18902						83.12		14.62		0.17754				50.1187		1.97E+07		4.31E+06		0.21922				50.1187		6.00E+07		1.26E+07		0.20988						4.00E+01		8.45E+00		0.21455				50.1187		1.41E+07		2.82E+06		0.19999				50.1187		3.72E+07		7.07E+06		0.19015						2.57E+01		4.95E+00		0.19507

		56.2341		28.828		4.223		0.1465366667				56.2341		9.65E+07		1.61E+07		0.16675				56.2341		7.14E+07		1.35E+07		0.18923						83.95		14.80		0.17799				56.2341		2.00E+07		4.37E+06		0.2189				56.2341		6.09E+07		1.28E+07		0.20948						4.06E+01		8.57E+00		0.21419				56.2341		1.43E+07		2.85E+06		0.19923				56.2341		3.77E+07		7.22E+06		0.19165						2.60E+01		5.04E+00		0.19544

		63.0957		29.166		4.2997		0.1474633333				63.0957		9.77E+07		1.64E+07		0.16736				63.0957		7.23E+07		1.37E+07		0.18987						84.98		15.04		0.178615				63.0957		2.03E+07		4.46E+06		0.21978				63.0957		6.18E+07		1.30E+07		0.20972						4.12E+01		8.71E+00		0.21475				63.0957		1.45E+07		2.90E+06		0.19935				63.0957		3.82E+07		7.28E+06		0.19054						2.64E+01		5.09E+00		0.194945

		70.7946		29.4843333333		4.3583333333		0.14743				70.7946		9.88E+07		1.66E+07		0.16816				70.7946		7.32E+07		1.39E+07		0.19027						86.01		15.27		0.179215				70.7946		2.06E+07		4.52E+06		0.21986				70.7946		6.27E+07		1.32E+07		0.2099						4.18E+01		8.84E+00		0.21488				70.7946		1.47E+07		2.93E+06		0.199				70.7946		3.87E+07		7.42E+06		0.19152						2.67E+01		5.17E+00		0.19526

		79.4328		29.8736666667		4.4559		0.1491033333				79.4328		1.00E+08		1.68E+07		0.16839				79.4328		7.41E+07		1.41E+07		0.19031						87.09		15.48		0.17935				79.4328		2.10E+07		4.60E+06		0.2194				79.4328		6.36E+07		1.33E+07		0.20971						4.25E+01		8.97E+00		0.214555				79.4328		1.49E+07		2.98E+06		0.19972				79.4328		3.93E+07		7.53E+06		0.19186						2.71E+01		5.26E+00		0.19579

		89.1251		30.259		4.501		0.14848				89.1251		1.01E+08		1.71E+07		0.16862				89.1251		7.51E+07		1.43E+07		0.19056						88.22		15.70		0.17959				89.1251		2.13E+07		4.62E+06		0.21728				89.1251		6.46E+07		1.35E+07		0.20932						4.31E+01		9.07E+00		0.2133				89.1251		1.51E+07		3.04E+06		0.20099				89.1251		3.98E+07		7.60E+06		0.19118						2.74E+01		5.32E+00		0.196085

		100		30.6376666667		4.5808		0.14917				100		1.03E+08		1.73E+07		0.16901				100		7.61E+07		1.44E+07		0.18993						89.30		15.89		0.17947				100		2.16E+07		4.69E+06		0.21731				100		6.56E+07		1.37E+07		0.20874						6.56E+01		9.19E+00		0.213025				100		1.54E+07		3.04E+06		0.19738				100		4.03E+07		7.76E+06		0.19233						2.79E+01		5.40E+00		0.194855
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Sheet1

		

				Toluene

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3%(2)										3% Avg										5% (1)										5% (2)										5% Avg

				E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

				MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		2.37555		0.405965		0.16877				1		7.45E+06		1.96E+06		0.26245				1		5.42E+06		1.63E+06		0.29984						7.45		1.79		0.281145				1		6.65E+06		2.21E+06		0.33244				1		4.48E+06		1.20E+06		0.26734						6.00		1.70		0.29989				1		1.32E+07		3.83E+06		0.29122				1		1.12E+07		3.25E+06		0.29148						12.16		3.54		0.29135

		1.12202		2.42445		0.39312		0.15956				1.12202		7.68E+06		1.95E+06		0.25425				1.12202		5.62E+06		1.61E+06		0.2869						7.68		1.78		0.270575				1.12202		6.87E+06		2.20E+06		0.32017				1.12202		4.63E+06		1.20E+06		0.2585						6.13		1.70		0.289335				1.12202		1.36E+07		3.73E+06		0.27465				1.12202		1.16E+07		3.19E+06		0.27535						12.60		3.46		0.275

		1.25893		2.4616		0.3855		0.154305				1.25893		7.87E+06		1.92E+06		0.24413				1.25893		5.75E+06		1.60E+06		0.27899						7.87		1.76		0.26156				1.25893		6.90E+06		2.10E+06		0.30437				1.25893		4.75E+06		1.16E+06		0.24529						6.26		1.63		0.27483				1.25893		1.39E+07		3.64E+06		0.26157				1.25893		1.18E+07		3.10E+06		0.26236						12.88		3.37		0.261965

		1.41254		2.4917		0.38235		0.15118				1.41254		8.06E+06		1.94E+06		0.24077				1.41254		5.91E+06		1.59E+06		0.26882						8.06		1.76		0.254795				1.41254		7.12E+06		2.00E+06		0.28107				1.41254		4.86E+06		1.16E+06		0.23785						6.41		1.58		0.25946				1.41254		1.42E+07		3.66E+06		0.25734				1.41254		1.21E+07		3.09E+06		0.25545						13.16		3.38		0.256395

		1.58489		2.52895		0.391055		0.15244				1.58489		8.19E+06		1.96E+06		0.23907				1.58489		6.06E+06		1.57E+06		0.25944						8.19		1.76		0.249255				1.58489		7.24E+06		1.94E+06		0.26726				1.58489		4.96E+06		1.16E+06		0.23439						6.50		1.55		0.250825				1.58489		1.45E+07		3.63E+06		0.25026				1.58489		1.24E+07		3.09E+06		0.24982						13.43		3.36		0.25004

		1.77828		2.5541		0.39419		0.15214				1.77828		8.34E+06		1.96E+06		0.23462				1.77828		6.16E+06		1.61E+06		0.26125						8.34		1.78		0.247935				1.77828		7.29E+06		1.89E+06		0.25909				1.77828		5.11E+06		1.14E+06		0.22309						6.61		1.51		0.24109				1.77828		1.48E+07		3.63E+06		0.2452				1.77828		1.26E+07		3.10E+06		0.24557						13.71		3.36		0.245385

		1.99526		2.58635		0.39107		0.148985				1.99526		8.50E+06		1.98E+06		0.23292				1.99526		6.33E+06		1.60E+06		0.25358						8.50		1.79		0.24325				1.99526		7.44E+06		1.90E+06		0.25564				1.99526		5.23E+06		1.15E+06		0.21986						6.74		1.53		0.23775				1.99526		1.51E+07		3.65E+06		0.24253				1.99526		1.29E+07		3.13E+06		0.24296						13.97		3.39		0.242745

		2.23872		2.614		0.40111		0.15159				2.23872		8.64E+06		2.03E+06		0.23439				2.23872		6.42E+06		1.65E+06		0.25716						8.64		1.84		0.245775				2.23872		7.55E+06		1.91E+06		0.25257				2.23872		5.29E+06		1.19E+06		0.22424						6.84		1.55		0.238405				2.23872		1.53E+07		3.73E+06		0.24299				2.23872		1.31E+07		3.15E+06		0.23943						14.24		3.44		0.24121

		2.51189		2.642		0.408895		0.153135				2.51189		8.78E+06		2.02E+06		0.23012				2.51189		6.56E+06		1.68E+06		0.25632						8.78		1.85		0.24322				2.51189		7.68E+06		1.86E+06		0.24237				2.51189		5.37E+06		1.19E+06		0.22197						6.96		1.53		0.23217				2.51189		1.56E+07		3.74E+06		0.23909				2.51189		1.34E+07		3.15E+06		0.2355						14.52		3.45		0.237295

		2.81838		2.67095		0.410115		0.15125				2.81838		8.93E+06		2.09E+06		0.2342				2.81838		6.67E+06		1.70E+06		0.25425						8.93		1.89		0.244225				2.81838		7.82E+06		1.89E+06		0.24114				2.81838		5.47E+06		1.19E+06		0.21818						7.06		1.54		0.22966				2.81838		1.59E+07		3.75E+06		0.23643				2.81838		1.36E+07		3.19E+06		0.23445						14.74		3.47		0.23544

		3.16228		2.7011		0.41553		0.15148				3.16228		9.08E+06		2.10E+06		0.23169				3.16228		6.81E+06		1.71E+06		0.2505						9.08		1.91		0.241095				3.16228		7.90E+06		1.88E+06		0.23843				3.16228		5.57E+06		1.18E+06		0.21214						7.16		1.53		0.225285				3.16228		1.62E+07		3.81E+06		0.23581				3.16228		1.38E+07		3.22E+06		0.23277						14.99		3.51		0.23429

		3.54813		2.73865		0.42055		0.151745				3.54813		9.25E+06		2.11E+06		0.22756				3.54813		6.93E+06		1.77E+06		0.25533						9.25		1.94		0.241445				3.54813		8.02E+06		1.90E+06		0.2363				3.54813		5.65E+06		1.27E+06		0.22449						7.26		1.58		0.230395				3.54813		1.64E+07		3.87E+06		0.23591				3.54813		1.41E+07		3.28E+06		0.23267						15.25		3.58		0.23429

		3.98107		2.77375		0.42736		0.15241				3.98107		9.39E+06		2.12E+06		0.22598				3.98107		7.06E+06		1.77E+06		0.25073						9.39		1.95		0.238355				3.98107		8.11E+06		1.91E+06		0.2353				3.98107		5.71E+06		1.27E+06		0.22205						7.36		1.59		0.228675				3.98107		1.67E+07		3.90E+06		0.23409				3.98107		1.43E+07		3.33E+06		0.23309						15.48		3.62		0.23359

		4.46684		2.79545		0.43212		0.15253				4.46684		9.55E+06		2.17E+06		0.22762				4.46684		7.20E+06		1.80E+06		0.24963						9.55		1.99		0.238625				4.46684		8.24E+06		1.91E+06		0.23166				4.46684		5.80E+06		1.26E+06		0.21768						7.46		1.59		0.22467				4.46684		1.70E+07		3.97E+06		0.23387				4.46684		1.46E+07		3.39E+06		0.23269						15.76		3.68		0.23328

		5.01187		2.83015		0.4461		0.15588				5.01187		9.70E+06		2.23E+06		0.22971				5.01187		7.37E+06		1.81E+06		0.24618						9.70		2.02		0.237945				5.01187		8.35E+06		1.93E+06		0.2315				5.01187		5.92E+06		1.28E+06		0.21602						7.58		1.61		0.22376				5.01187		1.72E+07		4.00E+06		0.23232				5.01187		1.48E+07		3.41E+06		0.23059						15.99		3.70		0.231455

		5.62341		2.85755		0.44803		0.15464				5.62341		9.87E+06		2.25E+06		0.22812				5.62341		7.48E+06		1.84E+06		0.24639						9.87		2.05		0.237255				5.62341		8.48E+06		1.96E+06		0.23064				5.62341		5.99E+06		1.29E+06		0.21527						7.68		1.62		0.222955				5.62341		1.75E+07		4.04E+06		0.23118				5.62341		1.50E+07		3.46E+06		0.23004						16.26		3.75		0.23061

		6.30957		2.8916		0.457035		0.15604				6.30957		1.00E+07		2.27E+06		0.2258				6.30957		7.63E+06		1.88E+06		0.24635						10.04		2.07		0.236075				6.30957		8.57E+06		1.97E+06		0.23027				6.30957		6.09E+06		1.31E+06		0.21453						7.79		1.64		0.2224				6.30957		1.78E+07		4.12E+06		0.23214				6.30957		1.52E+07		3.50E+06		0.22981						16.50		3.81		0.230975

		7.07946		2.9293		0.464125		0.156695				7.07946		1.02E+07		2.30E+06		0.22622				7.07946		7.75E+06		1.92E+06		0.24745						10.17		2.11		0.236835				7.07946		8.70E+06		1.97E+06		0.22642				7.07946		6.19E+06		1.35E+06		0.21799						7.90		1.66		0.222205				7.07946		1.81E+07		4.18E+06		0.23167				7.07946		1.55E+07		3.53E+06		0.22808						16.78		3.86		0.229875

		7.94328		2.961		0.471365		0.15703				7.94328		1.03E+07		2.37E+06		0.22884				7.94328		7.92E+06		1.93E+06		0.24425						10.35		2.15		0.236545				7.94328		8.82E+06		2.00E+06		0.22668				7.94328		6.27E+06		1.36E+06		0.21778						8.00		1.68		0.22223				7.94328		1.83E+07		4.25E+06		0.23165				7.94328		1.57E+07		3.62E+06		0.22981						17.04		3.93		0.23073

		8.91251		2.99185		0.4825		0.15928				8.91251		1.05E+07		2.39E+06		0.22744				8.91251		8.05E+06		1.99E+06		0.24688						10.51		2.19		0.23716				8.91251		8.91E+06		2.04E+06		0.22859				8.91251		6.37E+06		1.41E+06		0.22111						8.11		1.72		0.22485				8.91251		1.86E+07		4.30E+06		0.23104				8.91251		1.60E+07		3.67E+06		0.22947						17.31		3.99		0.230255

		10		3.0269		0.47981		0.15674				10		1.07E+07		2.42E+06		0.22687				10		8.19E+06		2.01E+06		0.2453						10.69		2.22		0.236085				10		9.04E+06		2.06E+06		0.22822				10		6.48E+06		1.41E+06		0.21774						8.22		1.74		0.22298				10		1.89E+07		4.38E+06		0.23105				10		1.63E+07		3.73E+06		0.2294						17.60		4.05		0.230225

		11.2202		3.0602		0.487715		0.157505				11.2202		1.09E+07		2.48E+06		0.22841				11.2202		8.33E+06		2.05E+06		0.24673						10.86		2.27		0.23757				11.2202		9.15E+06		2.08E+06		0.22732				11.2202		6.57E+06		1.43E+06		0.2182						8.33		1.76		0.22276				11.2202		1.92E+07		4.44E+06		0.23083				11.2202		1.65E+07		3.79E+06		0.22924						17.87		4.11		0.230035

		12.5893		3.09845		0.50459		0.160825				12.5893		1.10E+07		2.50E+06		0.22688				12.5893		8.47E+06		2.09E+06		0.24663						11.03		2.30		0.236755				12.5893		9.25E+06		2.10E+06		0.22698				12.5893		6.67E+06		1.45E+06		0.21684						8.42		1.77		0.22191				12.5893		1.95E+07		4.53E+06		0.23196				12.5893		1.68E+07		3.85E+06		0.22968						18.15		4.19		0.23082

		14.1254		3.13815		0.51037		0.160775				14.1254		1.12E+07		2.57E+06		0.22924				14.1254		8.63E+06		2.12E+06		0.24521						11.21		2.34		0.237225				14.1254		9.33E+06		2.16E+06		0.23093				14.1254		6.78E+06		1.48E+06		0.21816						8.52		1.82		0.224545				14.1254		1.98E+07		4.58E+06		0.23098				14.1254		1.71E+07		3.90E+06		0.22891						18.45		4.24		0.229945

		15.8489		3.1698		0.51681		0.16118				15.8489		1.14E+07		2.61E+06		0.22968				15.8489		8.78E+06		2.16E+06		0.24623						11.38		2.39		0.237955				15.8489		9.44E+06		2.17E+06		0.22999				15.8489		6.88E+06		1.51E+06		0.21966						8.63		1.84		0.224825				15.8489		2.02E+07		4.67E+06		0.23152				15.8489		1.73E+07		3.98E+06		0.22981						18.75		4.33		0.230665

		17.7828		3.2093		0.538925		0.165695				17.7828		1.16E+07		2.67E+06		0.23104				17.7828		8.93E+06		2.21E+06		0.24709						11.57		2.44		0.239065				17.7828		9.57E+06		2.22E+06		0.23193				17.7828		7.00E+06		1.55E+06		0.22168						8.75		1.89		0.226805				17.7828		2.05E+07		4.76E+06		0.23232				17.7828		1.76E+07		4.07E+06		0.23124						19.05		4.42		0.23178

		19.9526		3.24835		0.5414		0.16484				19.9526		1.18E+07		2.72E+06		0.23134				19.9526		9.09E+06		2.25E+06		0.2474						11.77		2.49		0.23937				19.9526		9.70E+06		2.24E+06		0.23092				19.9526		7.12E+06		1.57E+06		0.22101						8.87		1.91		0.225965				19.9526		2.08E+07		4.85E+06		0.2328				19.9526		1.79E+07		4.13E+06		0.23077						19.37		4.49		0.231785

		22.3872		3.28765		0.55969		0.16821				22.3872		1.20E+07		2.78E+06		0.23239				22.3872		9.25E+06		2.29E+06		0.24757						11.97		2.54		0.23998				22.3872		9.80E+06		2.28E+06		0.23221				22.3872		7.23E+06		1.60E+06		0.22174						8.98		1.94		0.226975				22.3872		2.11E+07		4.93E+06		0.23313				22.3872		1.82E+07		4.21E+06		0.23161						19.66		4.57		0.23237

		25.1189		3.32995		0.566055		0.16813				25.1189		1.21E+07		2.82E+06		0.23207				25.1189		9.41E+06		2.34E+06		0.24864						12.15		2.58		0.240355				25.1189		9.90E+06		2.31E+06		0.23299				25.1189		7.34E+06		1.63E+06		0.22271						9.09		1.97		0.22785				25.1189		2.15E+07		5.02E+06		0.23359				25.1189		1.85E+07		4.27E+06		0.23149						19.97		4.65		0.23254

		28.1838		3.36235		0.57952		0.17015				28.1838		1.23E+07		2.86E+06		0.23136				28.1838		9.59E+06		2.37E+06		0.24741						12.34		2.61		0.239385				28.1838		1.00E+07		2.34E+06		0.23261				28.1838		7.44E+06		1.66E+06		0.22245						9.22		2.00		0.22753				28.1838		2.18E+07		5.11E+06		0.23479				28.1838		1.88E+07		4.34E+06		0.23137						20.26		4.72		0.23308

		31.6228		3.39715		0.587605		0.170925				31.6228		1.25E+07		2.89E+06		0.23127				31.6228		9.74E+06		2.41E+06		0.24714						12.52		2.65		0.239205				31.6228		1.02E+07		2.37E+06		0.23256				31.6228		7.57E+06		1.70E+06		0.2244						9.36		2.03		0.22848				31.6228		2.21E+07		5.20E+06		0.23542				31.6228		1.91E+07		4.38E+06		0.22952						20.60		4.79		0.23247

		35.4813		3.4417		0.58468		0.16798				35.4813		1.27E+07		2.98E+06		0.23353				35.4813		9.92E+06		2.45E+06		0.24732						12.74		2.71		0.240425				35.4813		1.03E+07		2.41E+06		0.23315				35.4813		7.68E+06		1.72E+06		0.22358						9.49		2.06		0.228365				35.4813		2.24E+07		5.30E+06		0.23591				35.4813		1.94E+07		4.52E+06		0.23317						20.91		4.91		0.23454

		39.8107		3.47895		0.607315		0.17224				39.8107		1.30E+07		3.04E+06		0.23463				39.8107		1.01E+07		2.51E+06		0.24848						12.97		2.78		0.241555				39.8107		1.05E+07		2.45E+06		0.23376				39.8107		7.82E+06		1.72E+06		0.22041						9.63		2.09		0.227085				39.8107		2.28E+07		5.39E+06		0.23625				39.8107		1.97E+07		4.59E+06		0.23315						21.26		4.99		0.2347

		44.6684		3.5148		0.61637		0.17326				44.6684		1.32E+07		3.07E+06		0.2333				44.6684		1.03E+07		2.56E+06		0.24872						13.17		2.81		0.24101				44.6684		1.06E+07		2.48E+06		0.23392				44.6684		7.92E+06		1.78E+06		0.22513						9.75		2.13		0.229525				44.6684		2.32E+07		5.49E+06		0.23667				44.6684		2.00E+07		4.67E+06		0.23366						21.60		5.08		0.235165

		50.1187		3.56755		0.6111		0.16807				50.1187		1.34E+07		3.16E+06		0.23597				50.1187		1.05E+07		2.60E+06		0.24864						13.38		2.88		0.242305				50.1187		1.07E+07		2.54E+06		0.23701				50.1187		8.03E+06		1.82E+06		0.22657						9.89		2.18		0.23179				50.1187		2.35E+07		5.57E+06		0.23659				50.1187		2.03E+07		4.75E+06		0.23387						21.94		5.16		0.23523

		56.2341		3.63		0.633745		0.173035				56.2341		1.36E+07		3.21E+06		0.23596				56.2341		1.06E+07		2.64E+06		0.24815						13.60		2.92		0.242055				56.2341		1.09E+07		2.57E+06		0.23549				56.2341		8.17E+06		1.84E+06		0.22573						10.03		2.21		0.23061				56.2341		2.40E+07		5.68E+06		0.23713				56.2341		2.06E+07		4.85E+06		0.23505						22.30		5.27		0.23609

		63.0957		3.6541		0.64752		0.17572				63.0957		1.38E+07		3.25E+06		0.23515				63.0957		1.08E+07		2.70E+06		0.24993						13.82		2.97		0.24254				63.0957		1.10E+07		2.61E+06		0.23639				63.0957		8.29E+06		1.91E+06		0.23077						10.17		2.26		0.23358				63.0957		2.43E+07		5.79E+06		0.2381				63.0957		2.10E+07		4.92E+06		0.23432						22.66		5.36		0.23621

		70.7946		3.69695		0.661585		0.17693				70.7946		1.40E+07		3.32E+06		0.23631				70.7946		1.10E+07		2.74E+06		0.24976						14.03		3.03		0.243035				70.7946		1.12E+07		2.64E+06		0.23616				70.7946		8.42E+06		1.90E+06		0.22578						10.33		2.27		0.23097				70.7946		2.47E+07		5.88E+06		0.23782				70.7946		2.14E+07		4.99E+06		0.23351						23.05		5.44		0.235665

		79.4328		3.77415		0.611135		0.16164				79.4328		1.42E+07		3.38E+06		0.23764				79.4328		1.12E+07		2.81E+06		0.25161						14.21		3.09		0.244625				79.4328		1.14E+07		2.67E+06		0.23474				79.4328		8.51E+06		1.93E+06		0.22651						10.46		2.30		0.230625				79.4328		2.52E+07		5.99E+06		0.23822				79.4328		2.17E+07		5.10E+06		0.23557						23.41		5.55		0.236895

		89.1251		3.73995		0.65104		0.172295				89.1251		1.45E+07		3.43E+06		0.23692				89.1251		1.14E+07		2.85E+06		0.25078						14.47		3.14		0.24385				89.1251		1.15E+07		2.69E+06		0.23444				89.1251		8.66E+06		1.96E+06		0.22628						10.61		2.33		0.23036				89.1251		2.56E+07		6.07E+06		0.2375				89.1251		2.20E+07		5.14E+06		0.23327						23.80		5.60		0.235385

		100		3.78345		0.692385		0.180385				100		1.47E+07		3.43E+06		0.23391				100		1.15E+07		2.84E+06		0.24694						14.68		3.14		0.240425				100		1.17E+07		2.78E+06		0.23815				100		8.74E+06		1.98E+06		0.22616						10.20		2.38		0.232155				100		2.59E+07		6.15E+06		0.23714				100		2.24E+07		5.21E+06		0.23263						24.18		5.68		0.234885
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		Spray coated Estane with Na+/Pentanol on 9/27/2011

				Pentanol

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3% (2)										3% Avg										5% (1)										5% (2)										5% Avg

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		5.47475		1.0861		0.19839				1		1.09E+07		2.06E+06		0.18839				1		2.60E+07		4.27E+06		0.16401						1.85E+01		3.16E+00		0.1762				1		4.12E+07		6.42E+06		0.15593				1		6.41E+07		8.41E+06		0.13118						5.26E+01		7.42E+00		0.143555				1		2.59E+07		3.47E+06		0.1338				1		2.68E+07		3.65E+06		0.13604						1.12E+01		3.56E+00		0.13492

		1.12202		5.567		1.0621		0.190795				1.12202		1.11E+07		1.97E+06		0.17789				1.12202		2.62E+07		4.21E+06		0.16035						1.87E+01		3.09E+00		0.16912				1.12202		4.20E+07		6.35E+06		0.15144				1.12202		6.49E+07		8.38E+06		0.12903						5.34E+01		7.37E+00		0.140235				1.12202		2.62E+07		3.45E+06		0.13138				1.12202		2.72E+07		3.64E+06		0.13395						1.14E+01		3.54E+00		0.132665

		1.25893		5.62345		1.05005		0.186735				1.25893		1.12E+07		1.95E+06		0.17326				1.25893		2.64E+07		4.19E+06		0.1586						1.88E+01		3.07E+00		0.16593				1.25893		4.26E+07		6.38E+06		0.14982				1.25893		6.58E+07		8.47E+06		0.12872						5.42E+01		7.43E+00		0.13927				1.25893		2.65E+07		3.48E+06		0.13113				1.25893		2.75E+07		3.67E+06		0.13334						1.15E+01		3.58E+00		0.132235

		1.41254		5.679		1.0418		0.18345				1.41254		1.13E+07		1.91E+06		0.16818				1.41254		2.67E+07		4.17E+06		0.15641						1.90E+01		3.04E+00		0.162295				1.41254		4.32E+07		6.46E+06		0.1495				1.41254		6.66E+07		8.55E+06		0.12831						5.49E+01		7.50E+00		0.138905				1.41254		2.68E+07		3.45E+06		0.12894				1.41254		2.78E+07		3.69E+06		0.13242						1.16E+01		3.57E+00		0.13068

		1.58489		5.7328		1.0393		0.181295				1.58489		1.14E+07		1.92E+06		0.16875				1.58489		2.69E+07		4.18E+06		0.15557						1.92E+01		3.05E+00		0.16216				1.58489		4.38E+07		6.45E+06		0.14736				1.58489		6.73E+07		8.62E+06		0.12806						5.55E+01		7.54E+00		0.13771				1.58489		2.71E+07		3.52E+06		0.13005				1.58489		2.81E+07		3.70E+06		0.1315						1.17E+01		3.61E+00		0.130775

		1.77828		5.79145		1.04985		0.18128				1.77828		1.15E+07		1.90E+06		0.16557				1.77828		2.71E+07		4.20E+06		0.155						1.93E+01		3.05E+00		0.160285				1.77828		4.43E+07		6.51E+06		0.14686				1.77828		6.80E+07		8.72E+06		0.12817						5.62E+01		7.61E+00		0.137515				1.77828		2.73E+07		3.57E+06		0.13047				1.77828		2.84E+07		3.74E+06		0.13173						1.19E+01		3.65E+00		0.1311

		1.99526		5.84595		1.05145		0.179855				1.99526		1.16E+07		1.92E+06		0.16526				1.99526		2.74E+07		4.21E+06		0.15377						1.95E+01		3.06E+00		0.159515				1.99526		4.48E+07		6.59E+06		0.14718				1.99526		6.87E+07		8.75E+06		0.12746						5.67E+01		7.67E+00		0.13732				1.99526		2.76E+07		3.61E+06		0.13098				1.99526		2.87E+07		3.82E+06		0.13298						1.20E+01		3.71E+00		0.13198

		2.23872		5.9055		1.0687		0.180975				2.23872		1.17E+07		1.96E+06		0.16802				2.23872		2.76E+07		4.28E+06		0.15513						1.96E+01		3.12E+00		0.161575				2.23872		4.53E+07		6.72E+06		0.14814				2.23872		6.94E+07		8.99E+06		0.12963						5.74E+01		7.86E+00		0.138885				2.23872		2.78E+07		3.65E+06		0.1313				2.23872		2.90E+07		3.89E+06		0.13419						1.21E+01		3.77E+00		0.132745

		2.51189		5.95365		1.0683		0.179445				2.51189		1.18E+07		1.98E+06		0.16843				2.51189		2.79E+07		4.34E+06		0.15577						1.98E+01		3.16E+00		0.1621				2.51189		4.59E+07		6.79E+06		0.14805				2.51189		7.01E+07		9.13E+06		0.13027						5.80E+01		7.96E+00		0.13916				2.51189		2.81E+07		3.72E+06		0.13271				2.51189		2.92E+07		3.93E+06		0.13455						1.22E+01		3.83E+00		0.13363

		2.81838		6.01325		1.07735		0.17917				2.81838		1.19E+07		1.98E+06		0.16641				2.81838		2.81E+07		4.39E+06		0.15639						2.00E+01		3.19E+00		0.1614				2.81838		4.63E+07		6.89E+06		0.14885				2.81838		7.07E+07		9.16E+06		0.12956						5.85E+01		8.03E+00		0.139205				2.81838		2.83E+07		3.78E+06		0.13346				2.81838		2.95E+07		3.97E+06		0.13437						1.23E+01		3.88E+00		0.133915

		3.16228		6.07575		1.0755		0.177005				3.16228		1.20E+07		2.01E+06		0.16769				3.16228		2.83E+07		4.47E+06		0.15784						2.02E+01		3.24E+00		0.162765				3.16228		4.68E+07		6.98E+06		0.14899				3.16228		7.14E+07		9.34E+06		0.13079						5.91E+01		8.16E+00		0.13989				3.16228		2.86E+07		3.80E+06		0.13296				3.16228		2.99E+07		4.02E+06		0.13476						1.25E+01		3.91E+00		0.13386

		3.54813		6.13995		1.0962		0.17856				3.54813		1.21E+07		2.02E+06		0.16698				3.54813		2.86E+07		4.48E+06		0.1565						2.04E+01		3.25E+00		0.16174				3.54813		4.74E+07		7.08E+06		0.14946				3.54813		7.21E+07		9.44E+06		0.13101						5.97E+01		8.26E+00		0.140235				3.54813		2.88E+07		3.85E+06		0.13335				3.54813		3.01E+07		4.11E+06		0.13664						1.25E+01		3.98E+00		0.134995

		3.98107		6.2035		1.1136		0.17954				3.98107		1.22E+07		2.05E+06		0.16768				3.98107		2.89E+07		4.54E+06		0.15709						2.06E+01		3.30E+00		0.162385				3.98107		4.78E+07		7.22E+06		0.15084				3.98107		7.27E+07		9.56E+06		0.13139						6.03E+01		8.39E+00		0.141115				3.98107		2.91E+07		3.95E+06		0.13543				3.98107		3.04E+07		4.15E+06		0.1365						1.27E+01		4.05E+00		0.135965

		4.46684		6.25795		1.12175		0.17928				4.46684		1.23E+07		2.08E+06		0.1686				4.46684		2.92E+07		4.62E+06		0.15846						2.07E+01		3.35E+00		0.16353				4.46684		4.84E+07		7.29E+06		0.1506				4.46684		7.35E+07		9.76E+06		0.13283						6.09E+01		8.52E+00		0.141715				4.46684		2.94E+07		3.99E+06		0.13594				4.46684		3.07E+07		4.22E+06		0.13761						1.28E+01		4.11E+00		0.136775

		5.01187		6.3275		1.1415		0.180395				5.01187		1.24E+07		2.12E+06		0.1702				5.01187		2.94E+07		4.68E+06		0.15902						2.09E+01		3.40E+00		0.16461				5.01187		4.89E+07		7.37E+06		0.15084				5.01187		7.42E+07		9.88E+06		0.13314						6.15E+01		8.63E+00		0.14199				5.01187		2.97E+07		4.06E+06		0.13677				5.01187		3.10E+07		4.30E+06		0.13851						1.30E+01		4.18E+00		0.13764

		5.62341		6.39265		1.1499		0.179895				5.62341		1.25E+07		2.14E+06		0.17113				5.62341		2.97E+07		4.75E+06		0.15991						2.11E+01		3.45E+00		0.16552				5.62341		4.94E+07		7.50E+06		0.15182				5.62341		7.50E+07		1.00E+07		0.13399						6.22E+01		8.77E+00		0.142905				5.62341		3.00E+07		4.12E+06		0.13755				5.62341		3.13E+07		4.35E+06		0.13876						1.31E+01		4.23E+00		0.138155

		6.30957		6.46365		1.1633		0.18				6.30957		1.26E+07		2.16E+06		0.17109				6.30957		3.00E+07		4.81E+06		0.16017						2.13E+01		3.48E+00		0.16563				6.30957		4.99E+07		7.61E+06		0.15246				6.30957		7.57E+07		1.02E+07		0.13501						6.28E+01		8.91E+00		0.143735				6.30957		3.02E+07		4.20E+06		0.13907				6.30957		3.16E+07		4.46E+06		0.14108						1.32E+01		4.33E+00		0.140075

		7.07946		6.53035		1.18165		0.18095				7.07946		1.27E+07		2.16E+06		0.17015				7.07946		3.03E+07		4.90E+06		0.16172						2.15E+01		3.53E+00		0.165935				7.07946		5.04E+07		7.73E+06		0.15331				7.07946		7.64E+07		1.03E+07		0.13546						6.34E+01		9.04E+00		0.144385				7.07946		3.05E+07		4.25E+06		0.13931				7.07946		3.19E+07		4.50E+06		0.141						1.33E+01		4.38E+00		0.140155

		7.94328		6.6021		1.20085		0.18191				7.94328		1.28E+07		2.22E+06		0.1729				7.94328		3.06E+07		4.96E+06		0.16213						2.17E+01		3.59E+00		0.167515				7.94328		5.10E+07		7.85E+06		0.15402				7.94328		7.71E+07		1.05E+07		0.13669						6.41E+01		9.20E+00		0.145355				7.94328		3.08E+07		4.33E+06		0.14036				7.94328		3.22E+07		4.56E+06		0.14152						1.35E+01		4.44E+00		0.14094

		8.91251		6.6848		1.22335		0.18301				8.91251		1.30E+07		2.23E+06		0.17201				8.91251		3.10E+07		5.03E+06		0.16239						2.20E+01		3.63E+00		0.1672				8.91251		5.15E+07		7.97E+06		0.15459				8.91251		7.79E+07		1.07E+07		0.13722						6.47E+01		9.33E+00		0.145905				8.91251		3.11E+07		4.39E+06		0.14097				8.91251		3.26E+07		4.66E+06		0.14308						1.36E+01		4.52E+00		0.142025

		10		6.7622		1.22935		0.18183				10		1.31E+07		2.25E+06		0.17219				10		3.13E+07		5.15E+06		0.16455						2.22E+01		3.70E+00		0.16837				10		5.21E+07		8.09E+06		0.15532				10		7.86E+07		1.09E+07		0.13815						6.54E+01		9.48E+00		0.146735				10		3.14E+07		4.46E+06		0.14201				10		3.29E+07		4.73E+06		0.14379						1.38E+01		4.60E+00		0.1429

		11.2202		6.8377		1.25225		0.183155				11.2202		1.32E+07		2.29E+06		0.17341				11.2202		3.16E+07		5.22E+06		0.16524						2.24E+01		3.76E+00		0.169325				11.2202		5.26E+07		8.21E+06		0.15602				11.2202		7.94E+07		1.10E+07		0.13912						6.60E+01		9.63E+00		0.14757				11.2202		3.17E+07		4.57E+06		0.14392				11.2202		3.32E+07		4.83E+06		0.14537						1.39E+01		4.70E+00		0.144645

		12.5893		6.91535		1.27015		0.18365				12.5893		1.33E+07		2.31E+06		0.17336				12.5893		3.19E+07		5.31E+06		0.16628						2.26E+01		3.81E+00		0.16982				12.5893		5.29E+07		8.34E+06		0.15766				12.5893		8.02E+07		1.12E+07		0.13989						6.65E+01		9.78E+00		0.148775				12.5893		3.21E+07		4.63E+06		0.14432				12.5893		3.36E+07		4.89E+06		0.14569						1.41E+01		4.76E+00		0.145005

		14.1254		6.9988		1.29275		0.18472				14.1254		1.35E+07		2.35E+06		0.17461				14.1254		3.23E+07		5.40E+06		0.16719						2.29E+01		3.87E+00		0.1709				14.1254		5.34E+07		8.49E+06		0.15885				14.1254		8.06E+07		1.14E+07		0.14131						6.70E+01		9.94E+00		0.15008				14.1254		3.24E+07		4.70E+06		0.14491				14.1254		3.39E+07		4.99E+06		0.14709						1.42E+01		4.84E+00		0.146

		15.8489		7.08205		1.31015		0.184965				15.8489		1.36E+07		2.39E+06		0.17552				15.8489		3.26E+07		5.48E+06		0.16783						2.31E+01		3.93E+00		0.171675				15.8489		5.40E+07		8.63E+06		0.15986				15.8489		8.14E+07		1.16E+07		0.14232						6.77E+01		1.01E+01		0.15109				15.8489		3.27E+07		4.80E+06		0.14658				15.8489		3.43E+07		5.08E+06		0.14823						1.44E+01		4.94E+00		0.147405

		17.7828		7.16445		1.34025		0.187095				17.7828		1.37E+07		2.44E+06		0.17746				17.7828		3.30E+07		5.59E+06		0.16949						2.34E+01		4.01E+00		0.173475				17.7828		5.45E+07		8.79E+06		0.16113				17.7828		8.22E+07		1.18E+07		0.1438						6.84E+01		1.03E+01		0.152465				17.7828		3.31E+07		4.90E+06		0.14819				17.7828		3.46E+07		5.19E+06		0.14982						1.45E+01		5.04E+00		0.149005

		19.9526		7.25125		1.36435		0.188145				19.9526		1.39E+07		2.46E+06		0.17762				19.9526		3.34E+07		5.68E+06		0.17034						2.36E+01		4.07E+00		0.17398				19.9526		5.51E+07		8.94E+06		0.16209				19.9526		8.30E+07		1.20E+07		0.14471						6.91E+01		1.05E+01		0.1534				19.9526		3.34E+07		4.97E+06		0.14875				19.9526		3.50E+07		5.28E+06		0.15098						1.47E+01		5.13E+00		0.149865

		22.3872		7.33975		1.3804		0.188075				22.3872		1.40E+07		2.50E+06		0.17831				22.3872		3.37E+07		5.78E+06		0.17128						2.39E+01		4.14E+00		0.174795				22.3872		5.58E+07		9.10E+06		0.16317				22.3872		8.39E+07		1.22E+07		0.14576						6.98E+01		1.07E+01		0.154465				22.3872		3.37E+07		5.06E+06		0.15012				22.3872		3.54E+07		5.36E+06		0.15145						1.48E+01		5.21E+00		0.150785

		25.1189		7.4319		1.41495		0.190385				25.1189		1.42E+07		2.54E+06		0.17914				25.1189		3.41E+07		5.89E+06		0.17272						2.41E+01		4.21E+00		0.17593				25.1189		5.64E+07		9.24E+06		0.16394				25.1189		8.47E+07		1.24E+07		0.14674						7.06E+01		1.08E+01		0.15534				25.1189		3.41E+07		5.14E+06		0.15069				25.1189		3.57E+07		5.46E+06		0.15279						1.50E+01		5.30E+00		0.15174

		28.1838		7.5207		1.43445		0.190715				28.1838		1.43E+07		2.57E+06		0.18012				28.1838		3.45E+07		5.97E+06		0.17324						2.44E+01		4.27E+00		0.17668				28.1838		5.70E+07		9.39E+06		0.16468				28.1838		8.56E+07		1.26E+07		0.14749						7.13E+01		1.10E+01		0.156085				28.1838		3.45E+07		5.23E+06		0.15181				28.1838		3.61E+07		5.55E+06		0.15362						1.52E+01		5.39E+00		0.152715

		31.6228		7.60995		1.45425		0.19109				31.6228		1.44E+07		2.61E+06		0.18072				31.6228		3.49E+07		6.09E+06		0.17474						2.46E+01		4.35E+00		0.17773				31.6228		5.76E+07		9.52E+06		0.16511				31.6228		8.65E+07		1.29E+07		0.1486						7.21E+01		1.12E+01		0.156855				31.6228		3.49E+07		5.36E+06		0.15379				31.6228		3.65E+07		5.65E+06		0.15489						1.53E+01		5.51E+00		0.15434

		35.4813		7.70855		1.4907		0.19338				35.4813		1.46E+07		2.65E+06		0.18177				35.4813		3.53E+07		6.19E+06		0.17544						2.49E+01		4.42E+00		0.178605				35.4813		5.83E+07		9.71E+06		0.16642				35.4813		8.74E+07		1.31E+07		0.14941						7.29E+01		1.14E+01		0.157915				35.4813		3.52E+07		5.42E+06		0.15385				35.4813		3.69E+07		5.74E+06		0.15553						1.55E+01		5.58E+00		0.15469

		39.8107		7.80965		1.5103		0.193345				39.8107		1.47E+07		2.69E+06		0.18259				39.8107		3.57E+07		6.32E+06		0.1769						2.52E+01		4.50E+00		0.179745				39.8107		5.90E+07		9.86E+06		0.16709				39.8107		8.84E+07		1.33E+07		0.15006						7.37E+01		1.16E+01		0.158575				39.8107		3.56E+07		5.52E+06		0.155				39.8107		3.73E+07		5.85E+06		0.15683						1.57E+01		5.69E+00		0.155915

		44.6684		7.9103		1.5392		0.19455				44.6684		1.49E+07		2.74E+06		0.18414				44.6684		3.62E+07		6.41E+06		0.17724						2.55E+01		4.57E+00		0.18069				44.6684		5.97E+07		1.00E+07		0.16777				44.6684		8.93E+07		1.35E+07		0.15091						7.45E+01		1.17E+01		0.15934				44.6684		3.60E+07		5.60E+06		0.15552				44.6684		3.77E+07		5.95E+06		0.15768						1.59E+01		5.77E+00		0.1566

		50.1187		8.02745		1.57715		0.196515				50.1187		1.51E+07		2.77E+06		0.1836				50.1187		3.66E+07		6.51E+06		0.17804						2.58E+01		4.64E+00		0.18082				50.1187		6.03E+07		1.02E+07		0.1682				50.1187		9.03E+07		1.37E+07		0.15141						7.53E+01		1.19E+01		0.159805				50.1187		3.64E+07		5.68E+06		0.15611				50.1187		3.81E+07		6.04E+06		0.15835						1.60E+01		5.86E+00		0.15723

		56.2341		8.11995		1.59695		0.196575				56.2341		1.52E+07		2.80E+06		0.18352				56.2341		3.70E+07		6.61E+06		0.1785						2.61E+01		4.70E+00		0.18101				56.2341		6.11E+07		1.03E+07		0.16891				56.2341		9.13E+07		1.39E+07		0.1524						7.62E+01		1.21E+01		0.160655				56.2341		3.68E+07		5.81E+06		0.15784				56.2341		3.86E+07		6.10E+06		0.15824						1.62E+01		5.96E+00		0.15804

		63.0957		8.2127		1.62485		0.197945				63.0957		1.54E+07		2.82E+06		0.18327				63.0957		3.75E+07		6.71E+06		0.17905						2.65E+01		4.77E+00		0.18116				63.0957		6.18E+07		1.05E+07		0.1692				63.0957		9.22E+07		1.41E+07		0.15268						7.70E+01		1.23E+01		0.16094				63.0957		3.72E+07		5.85E+06		0.15719				63.0957		3.90E+07		6.22E+06		0.15932						1.64E+01		6.03E+00		0.158255

		70.7946		8.2967		1.6532		0.199345				70.7946		1.56E+07		2.90E+06		0.18611				70.7946		3.79E+07		6.84E+06		0.18024						2.67E+01		4.87E+00		0.183175				70.7946		6.25E+07		1.06E+07		0.17003				70.7946		9.32E+07		1.43E+07		0.15319						7.79E+01		1.25E+01		0.16161				70.7946		3.76E+07		5.98E+06		0.15907				70.7946		3.94E+07		6.32E+06		0.16031						1.66E+01		6.15E+00		0.15969

		79.4328		8.4195		1.63725		0.19424				79.4328		1.57E+07		2.90E+06		0.18477				79.4328		3.84E+07		6.92E+06		0.18029						2.70E+01		4.91E+00		0.18253				79.4328		6.32E+07		1.07E+07		0.16982				79.4328		9.43E+07		1.45E+07		0.15368						7.88E+01		1.26E+01		0.16175				79.4328		3.80E+07		6.03E+06		0.15841				79.4328		3.98E+07		6.41E+06		0.16098						1.68E+01		6.22E+00		0.159695

		89.1251		8.50415		1.66435		0.195485				89.1251		1.59E+07		2.94E+06		0.18521				89.1251		3.89E+07		6.99E+06		0.17998						2.74E+01		4.97E+00		0.182595				89.1251		6.40E+07		1.09E+07		0.17064				89.1251		9.53E+07		1.47E+07		0.1543						7.97E+01		1.28E+01		0.16247				89.1251		3.84E+07		6.13E+06		0.15954				89.1251		4.03E+07		6.48E+06		0.16082						1.70E+01		6.30E+00		0.16018

		100		8.588		1.73075		0.20164				100		1.60E+07		2.96E+06		0.18521				100		3.93E+07		7.10E+06		0.18051						2.77E+01		5.03E+00		0.18286				100		6.48E+07		1.10E+07		0.16914				100		9.64E+07		1.48E+07		0.15356						8.06E+01		1.29E+01		0.16135				100		3.88E+07		6.21E+06		0.16004				100		4.07E+07		6.59E+06		0.16188						1.71E+01		6.40E+00		0.16096
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						Method 		Sample Avg. (std. dev)

						Basis Weight (gsm)		100

						Fiber Diameter (μm)		4.2 (1.4)

						Thickness (mm)		0.47

						Air Permeability (cfm)		 22

						Modulus (psi) Machine/Transverse		58/13.2

						Break Stress (psi)		790

						Break Elongation (%)		330
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		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

1%

3%

5%

Ang. Freq. (rad/s)

E" (MPa)

2.3872666667

9.81895

6.01985

3.3392

2.39

9.74415

5.8802

3.25975

2.4207333333

9.67215

5.82445

3.23475

2.4363333333

9.72025

5.75755

3.22585

2.4633666667

9.739

5.76735

3.23755

2.5031666667

9.79265

5.76905

3.2595

2.5335333333

9.8549

5.76745

3.2741

2.5729666667

9.95945

5.82575

3.3435

2.6216

10.02585

5.87945

3.352

2.6495

10.18205

5.9305

3.41905

2.6971333333

10.30305

5.9719

3.42935

2.7265666667

10.3718

6.0618

3.49645

2.7642

10.534

6.12295

3.5422

2.8274666667

10.6495

6.17785

3.57115

2.8715666667

10.7945

6.2454

3.6125

2.9254666667

10.9245

6.316

3.67115

2.9706

11.0665

6.4112

3.7259

3.0342

11.2325

6.50965

3.78215

3.0859

11.3905

6.59355

3.82495

3.1446

11.5615

6.68205

3.89605

3.1936666667

11.717

6.7864

3.94395

3.2553333333

11.8965

6.8879

4.0109

3.3138

12.0765

6.9993

4.06475

3.3735333333

12.258

7.09505

4.1426

3.4342666667

12.457

7.21075

4.19615

3.5212333333

12.678

7.3453

4.28385

3.5876666667

12.8785

7.44845

4.35565

3.6509

13.08

7.5704

4.42895

3.7275

13.312

7.6897

4.4857

3.7883666667

13.503

7.80185

4.5795

3.8684666667

13.7205

7.93935

4.65995

3.9412666667

13.95

8.06585

4.727

4.0078666667

14.1805

8.18435

4.8017

4.0851333333

14.3985

8.33115

4.8784

4.1692666667

14.616

8.4541

4.9487

4.223

14.801

8.5669

5.03725

4.2997

15.036

8.70655

5.0916

4.3583333333

15.273

8.8417

5.1741

4.4559

15.478

8.97165

5.2573

4.501

15.6985

9.06735

5.32095

4.5808

15.8875

9.1879

5.3989



Fullerene

		Spray Coated Estane with Fullerene/Toluene on 9/27/2011

				Toluene

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3% (2)										3% Avg										5% (1)										5% (2)										5% Avg

				E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

				MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		20.6156666667		2.3872666667		0.1174233333				1		6.88E+07		9.82E+06		0.14278				1		5.32E+07		9.82E+06		0.18445						61.00		9.82		0.163615				1		1.11E+07		2.69E+06		0.24142				1		4.13E+07		9.35E+06		0.22669						2.63E+01		6.02E+00		0.234055				1		8.13E+06		1.90E+06		0.23368				1		2.39E+07		4.78E+06		0.19957						1.60E+01		3.34E+00		0.216625

		1.12202		20.8316666667		2.39		0.1161866667				1.12202		6.93E+07		9.83E+06		0.14179				1.12202		5.31E+07		9.66E+06		0.18196						61.20		9.74		0.161875				1.12202		1.14E+07		2.66E+06		0.2324				1.12202		4.11E+07		9.11E+06		0.22145						2.64E+01		5.88E+00		0.226925				1.12202		8.41E+06		1.85E+06		0.21958				1.12202		2.44E+07		4.67E+06		0.19164						1.64E+01		3.26E+00		0.20561

		1.25893		21.0366666667		2.4207333333		0.1163333333				1.25893		6.99E+07		9.83E+06		0.14075				1.25893		5.30E+07		9.51E+06		0.17947						61.43		9.67		0.16011				1.25893		1.16E+07		2.71E+06		0.23302				1.25893		4.11E+07		8.94E+06		0.21771						2.65E+01		5.82E+00		0.225365				1.25893		8.63E+06		1.84E+06		0.21326				1.25893		2.47E+07		4.63E+06		0.1871						1.67E+01		3.23E+00		0.20018

		1.41254		21.249		2.4363333333		0.1157833333				1.41254		7.03E+07		9.92E+06		0.14108				1.41254		5.31E+07		9.52E+06		0.17931						61.71		9.72		0.160195				1.41254		1.19E+07		2.70E+06		0.2272				1.41254		4.13E+07		8.81E+06		0.21351						2.67E+01		5.76E+00		0.220355				1.41254		8.82E+06		1.82E+06		0.20586				1.41254		2.51E+07		4.64E+06		0.18504						1.69E+01		3.23E+00		0.19545

		1.58489		21.4313333333		2.4633666667		0.1160433333				1.58489		7.09E+07		1.00E+07		0.14092				1.58489		5.33E+07		9.48E+06		0.178						62.10		9.74		0.15946				1.58489		1.21E+07		2.76E+06		0.22781				1.58489		4.15E+07		8.78E+06		0.21123						2.69E+01		5.77E+00		0.21952				1.58489		8.99E+06		1.82E+06		0.20288				1.58489		2.54E+07		4.65E+06		0.18284						1.72E+01		3.24E+00		0.19286

		1.77828		21.618		2.5031666667		0.11681				1.77828		7.15E+07		1.01E+07		0.14094				1.77828		5.35E+07		9.50E+06		0.17767						62.51		9.79		0.159305				1.77828		1.23E+07		2.75E+06		0.22318				1.77828		4.20E+07		8.79E+06		0.20951						2.73E+01		5.77E+00		0.216345				1.77828		9.18E+06		1.82E+06		0.19843				1.77828		2.58E+07		4.70E+06		0.18206						1.75E+01		3.26E+00		0.190245

		1.99526		21.8076666667		2.5335333333		0.1171866667				1.99526		7.21E+07		1.02E+07		0.14107				1.99526		5.38E+07		9.53E+06		0.17713						62.98		9.85		0.1591				1.99526		1.25E+07		2.78E+06		0.22186				1.99526		4.23E+07		8.75E+06		0.20695						2.75E+01		5.77E+00		0.214405				1.99526		9.32E+06		1.84E+06		0.19744				1.99526		2.61E+07		4.71E+06		0.18007						1.77E+01		3.27E+00		0.188755

		2.23872		22.0053333333		2.5729666667		0.1179166667				2.23872		7.27E+07		1.03E+07		0.14218				2.23872		5.41E+07		9.58E+06		0.17687						63.44		9.96		0.159525				2.23872		1.28E+07		2.81E+06		0.21996				2.23872		4.27E+07		8.84E+06		0.20693						2.79E+01		5.83E+00		0.213445				2.23872		9.50E+06		1.89E+06		0.19893				2.23872		2.65E+07		4.80E+06		0.18125						1.80E+01		3.34E+00		0.19009

		2.51189		22.2083333333		2.6216		0.1189733333				2.51189		7.34E+07		1.05E+07		0.14247				2.51189		5.45E+07		9.60E+06		0.1761						63.94		10.03		0.159285				2.51189		1.30E+07		2.86E+06		0.2208				2.51189		4.32E+07		8.90E+06		0.20609						2.82E+01		5.88E+00		0.213445				2.51189		9.64E+06		1.89E+06		0.19623				2.51189		2.68E+07		4.81E+06		0.17966						1.82E+01		3.35E+00		0.187945

		2.81838		22.425		2.6495		0.1189866667				2.81838		7.41E+07		1.06E+07		0.14366				2.81838		5.49E+07		9.72E+06		0.1771						64.49		10.18		0.16038				2.81838		1.32E+07		2.92E+06		0.22118				2.81838		4.36E+07		8.94E+06		0.20499						2.85E+01		5.93E+00		0.213085				2.81838		9.80E+06		1.90E+06		0.19438				2.81838		2.71E+07		4.93E+06		0.18172						1.85E+01		3.42E+00		0.18805

		3.16228		22.6246666667		2.6971333333		0.1200166667				3.16228		7.47E+07		1.08E+07		0.14427				3.16228		5.54E+07		9.83E+06		0.17746						65.04		10.30		0.160865				3.16228		1.34E+07		2.94E+06		0.22001				3.16228		4.41E+07		9.00E+06		0.20401						2.89E+01		5.97E+00		0.21201				3.16228		9.97E+06		1.91E+06		0.19133				3.16228		2.75E+07		4.95E+06		0.18035						1.87E+01		3.43E+00		0.18584

		3.54813		22.7713333333		2.7265666667		0.12051				3.54813		7.54E+07		1.09E+07		0.14425				3.54813		5.59E+07		9.87E+06		0.17672						65.61		10.37		0.160485				3.54813		1.36E+07		3.01E+06		0.22095				3.54813		4.46E+07		9.11E+06		0.20415						2.92E+01		6.06E+00		0.21255				3.54813		1.01E+07		1.96E+06		0.19369				3.54813		2.78E+07		5.03E+06		0.18077						1.90E+01		3.50E+00		0.18723

		3.98107		23.0096666667		2.7642		0.1207133333				3.98107		7.61E+07		1.11E+07		0.14523				3.98107		5.63E+07		1.00E+07		0.17771						66.23		10.53		0.16147				3.98107		1.38E+07		3.04E+06		0.21961				3.98107		4.52E+07		9.21E+06		0.20377						2.96E+01		6.12E+00		0.21169				3.98107		1.03E+07		1.99E+06		0.1939				3.98107		2.82E+07		5.09E+06		0.18094						1.92E+01		3.54E+00		0.18742

		4.46684		23.2176666667		2.8274666667		0.12248				4.46684		7.69E+07		1.12E+07		0.14576				4.46684		5.68E+07		1.01E+07		0.17767						66.84		10.65		0.161715				4.46684		1.40E+07		3.05E+06		0.2173				4.46684		4.58E+07		9.30E+06		0.20332						3.00E+01		6.18E+00		0.21031				4.46684		1.04E+07		2.00E+06		0.19207				4.46684		2.85E+07		5.14E+06		0.18009						1.95E+01		3.57E+00		0.18608

		5.01187		23.396		2.8715666667		0.12342				5.01187		7.76E+07		1.14E+07		0.14706				5.01187		5.73E+07		1.02E+07		0.17781						67.42		10.79		0.162435				5.01187		1.43E+07		3.09E+06		0.21667				5.01187		4.63E+07		9.40E+06		0.20302						3.04E+01		6.25E+00		0.209845				5.01187		1.06E+07		2.03E+06		0.1924				5.01187		2.88E+07		5.19E+06		0.17996						1.97E+01		3.61E+00		0.18618

		5.62341		23.6103333333		2.9254666667		0.1245766667				5.62341		7.83E+07		1.16E+07		0.1477				5.62341		5.78E+07		1.03E+07		0.17803						68.03		10.92		0.162865				5.62341		1.45E+07		3.15E+06		0.21687				5.62341		4.68E+07		9.49E+06		0.20264						3.08E+01		6.32E+00		0.209755				5.62341		1.07E+07		2.08E+06		0.19353				5.62341		2.92E+07		5.27E+06		0.18016						2.00E+01		3.67E+00		0.186845

		6.30957		23.8573333333		2.9706		0.1251				6.30957		7.90E+07		1.17E+07		0.14843				6.30957		5.83E+07		1.04E+07		0.17834						68.68		11.07		0.163385				6.30957		1.47E+07		3.20E+06		0.21707				6.30957		4.74E+07		9.62E+06		0.20287						3.12E+01		6.41E+00		0.20997				6.30957		1.09E+07		2.10E+06		0.19248				6.30957		2.96E+07		5.35E+06		0.18076						2.03E+01		3.73E+00		0.18662

		7.07946		24.0656666667		3.0342		0.12679				7.07946		7.98E+07		1.19E+07		0.14941				7.07946		5.89E+07		1.05E+07		0.17889						69.37		11.23		0.16415				7.07946		1.50E+07		3.27E+06		0.21843				7.07946		4.80E+07		9.75E+06		0.203						3.16E+01		6.51E+00		0.210715				7.07946		1.11E+07		2.14E+06		0.19355				7.07946		3.00E+07		5.43E+06		0.18102						2.05E+01		3.78E+00		0.187285

		7.94328		24.294		3.0859		0.1276066667				7.94328		8.06E+07		1.21E+07		0.15021				7.94328		5.95E+07		1.07E+07		0.17935						70.06		11.39		0.16478				7.94328		1.52E+07		3.32E+06		0.21793				7.94328		4.86E+07		9.87E+06		0.203						3.20E+01		6.59E+00		0.210465				7.94328		1.12E+07		2.17E+06		0.1938				7.94328		3.04E+07		5.48E+06		0.18029						2.08E+01		3.82E+00		0.187045

		8.91251		24.4973333333		3.1446		0.12894				8.91251		8.14E+07		1.23E+07		0.15122				8.91251		6.01E+07		1.08E+07		0.17988						70.76		11.56		0.16555				8.91251		1.55E+07		3.36E+06		0.2172				8.91251		4.92E+07		1.00E+07		0.20318						3.25E+01		6.68E+00		0.21019				8.91251		1.14E+07		2.20E+06		0.19322				8.91251		3.08E+07		5.59E+06		0.18193						2.11E+01		3.90E+00		0.187575

		10		24.725		3.1936666667		0.1297633333				10		8.22E+07		1.25E+07		0.15218				10		6.07E+07		1.09E+07		0.18005						71.44		11.72		0.166115				10		1.57E+07		3.41E+06		0.21692				10		4.99E+07		1.02E+07		0.2038						3.29E+01		6.79E+00		0.21036				10		1.16E+07		2.22E+06		0.19252				10		3.11E+07		5.66E+06		0.18199						2.13E+01		3.94E+00		0.187255

		11.2202		24.988		3.2553333333		0.1307666667				11.2202		8.31E+07		1.27E+07		0.1531				11.2202		6.13E+07		1.11E+07		0.18084						72.16		11.90		0.16697				11.2202		1.60E+07		3.46E+06		0.21714				11.2202		5.05E+07		1.03E+07		0.2041						3.34E+01		6.89E+00		0.21062				11.2202		1.17E+07		2.27E+06		0.19368				11.2202		3.15E+07		5.75E+06		0.18228						2.16E+01		4.01E+00		0.18798

		12.5893		25.1993333333		3.3138		0.1320466667				12.5893		8.39E+07		1.29E+07		0.1542				12.5893		6.19E+07		1.12E+07		0.18122						72.89		12.08		0.16771				12.5893		1.62E+07		3.51E+06		0.21629				12.5893		5.12E+07		1.05E+07		0.20497						3.38E+01		7.00E+00		0.21063				12.5893		1.19E+07		2.30E+06		0.19347				12.5893		3.19E+07		5.83E+06		0.18261						2.19E+01		4.06E+00		0.18804

		14.1254		25.4416666667		3.3735333333		0.13309				14.1254		8.48E+07		1.31E+07		0.15488				14.1254		6.25E+07		1.14E+07		0.18203						73.67		12.26		0.168455				14.1254		1.65E+07		3.58E+06		0.21705				14.1254		5.18E+07		1.06E+07		0.2047						3.43E+01		7.10E+00		0.210875				14.1254		1.21E+07		2.35E+06		0.19522				14.1254		3.24E+07		5.93E+06		0.18333						2.22E+01		4.14E+00		0.189275

		15.8489		25.6903333333		3.4342666667		0.13419				15.8489		8.57E+07		1.34E+07		0.15608				15.8489		6.32E+07		1.15E+07		0.18245						74.47		12.46		0.169265				15.8489		1.67E+07		3.64E+06		0.21748				15.8489		5.26E+07		1.08E+07		0.20516						3.48E+01		7.21E+00		0.21132				15.8489		1.22E+07		2.36E+06		0.19323				15.8489		3.27E+07		6.03E+06		0.18408						2.25E+01		4.20E+00		0.188655

		17.7828		25.9856666667		3.5212333333		0.13601				17.7828		8.66E+07		1.36E+07		0.15732				17.7828		6.39E+07		1.17E+07		0.18348						75.28		12.68		0.1704				17.7828		1.70E+07		3.72E+06		0.21891				17.7828		5.33E+07		1.10E+07		0.2059						3.53E+01		7.35E+00		0.212405				17.7828		1.24E+07		2.43E+06		0.19523				17.7828		3.32E+07		6.14E+06		0.18518						2.28E+01		4.28E+00		0.190205

		19.9526		26.2513333333		3.5876666667		0.1371266667				19.9526		8.73E+07		1.39E+07		0.15882				19.9526		6.46E+07		1.19E+07		0.18423						75.92		12.88		0.171525				19.9526		1.73E+07		3.78E+06		0.21842				19.9526		5.40E+07		1.11E+07		0.20606						3.58E+01		7.45E+00		0.21224				19.9526		1.26E+07		2.47E+06		0.19655				19.9526		3.36E+07		6.24E+06		0.18564						2.31E+01		4.36E+00		0.191095

		22.3872		26.484		3.6509		0.1382766667				22.3872		8.82E+07		1.41E+07		0.15987				22.3872		6.53E+07		1.21E+07		0.18486						76.72		13.08		0.172365				22.3872		1.76E+07		3.84E+06		0.21856				22.3872		5.47E+07		1.13E+07		0.20663						3.63E+01		7.57E+00		0.212595				22.3872		1.28E+07		2.52E+06		0.19741				22.3872		3.40E+07		6.34E+06		0.18614						2.34E+01		4.43E+00		0.191775

		25.1189		26.7506666667		3.7275		0.1397133333				25.1189		8.91E+07		1.44E+07		0.16122				25.1189		6.60E+07		1.23E+07		0.18582						77.54		13.31		0.17352				25.1189		1.79E+07		3.89E+06		0.21817				25.1189		5.55E+07		1.15E+07		0.20702						3.68E+01		7.69E+00		0.212595				25.1189		1.30E+07		2.55E+06		0.19646				25.1189		3.44E+07		6.43E+06		0.18702						2.37E+01		4.49E+00		0.19174

		28.1838		27.026		3.7883666667		0.1405233333				28.1838		9.01E+07		1.46E+07		0.16191				28.1838		6.68E+07		1.24E+07		0.18601						78.43		13.50		0.17396				28.1838		1.81E+07		3.96E+06		0.21839				28.1838		5.62E+07		1.16E+07		0.207						3.73E+01		7.80E+00		0.212695				28.1838		1.32E+07		2.60E+06		0.19791				28.1838		3.48E+07		6.55E+06		0.18829						2.40E+01		4.58E+00		0.1931

		31.6228		27.309		3.8684666667		0.1419266667				31.6228		9.11E+07		1.48E+07		0.16285				31.6228		6.75E+07		1.26E+07		0.18671						79.31		13.72		0.17478				31.6228		1.84E+07		4.04E+06		0.21945				31.6228		5.68E+07		1.18E+07		0.20844						3.78E+01		7.94E+00		0.213945				31.6228		1.33E+07		2.63E+06		0.19755				31.6228		3.53E+07		6.69E+06		0.18934						2.43E+01		4.66E+00		0.193445

		35.4813		27.594		3.9412666667		0.14314				35.4813		9.21E+07		1.51E+07		0.1638				35.4813		6.83E+07		1.28E+07		0.18744						80.23		13.95		0.17562				35.4813		1.87E+07		4.12E+06		0.21975				35.4813		5.75E+07		1.20E+07		0.20889						3.83E+01		8.07E+00		0.21432				35.4813		1.35E+07		2.69E+06		0.19862				35.4813		3.57E+07		6.77E+06		0.18938						2.46E+01		4.73E+00		0.194

		39.8107		27.887		4.0078666667		0.1439433333				39.8107		9.32E+07		1.53E+07		0.16469				39.8107		6.92E+07		1.30E+07		0.18815						81.18		14.18		0.17642				39.8107		1.90E+07		4.17E+06		0.21942				39.8107		5.83E+07		1.22E+07		0.20903						3.88E+01		8.18E+00		0.214225				39.8107		1.37E+07		2.72E+06		0.19849				39.8107		3.62E+07		6.88E+06		0.19003						2.50E+01		4.80E+00		0.19426

		44.6684		28.1876666667		4.0851333333		0.14507				44.6684		9.43E+07		1.56E+07		0.16569				44.6684		7.00E+07		1.32E+07		0.18831						82.12		14.40		0.177				44.6684		1.93E+07		4.26E+06		0.2205				44.6684		5.92E+07		1.24E+07		0.20972						3.94E+01		8.33E+00		0.21511				44.6684		1.39E+07		2.77E+06		0.19871				44.6684		3.67E+07		6.99E+06		0.19048						2.53E+01		4.88E+00		0.194595

		50.1187		28.5083333333		4.1692666667		0.1463966667				50.1187		9.54E+07		1.58E+07		0.16606				50.1187		7.08E+07		1.34E+07		0.18902						83.12		14.62		0.17754				50.1187		1.97E+07		4.31E+06		0.21922				50.1187		6.00E+07		1.26E+07		0.20988						4.00E+01		8.45E+00		0.21455				50.1187		1.41E+07		2.82E+06		0.19999				50.1187		3.72E+07		7.07E+06		0.19015						2.57E+01		4.95E+00		0.19507

		56.2341		28.828		4.223		0.1465366667				56.2341		9.65E+07		1.61E+07		0.16675				56.2341		7.14E+07		1.35E+07		0.18923						83.95		14.80		0.17799				56.2341		2.00E+07		4.37E+06		0.2189				56.2341		6.09E+07		1.28E+07		0.20948						4.06E+01		8.57E+00		0.21419				56.2341		1.43E+07		2.85E+06		0.19923				56.2341		3.77E+07		7.22E+06		0.19165						2.60E+01		5.04E+00		0.19544

		63.0957		29.166		4.2997		0.1474633333				63.0957		9.77E+07		1.64E+07		0.16736				63.0957		7.23E+07		1.37E+07		0.18987						84.98		15.04		0.178615				63.0957		2.03E+07		4.46E+06		0.21978				63.0957		6.18E+07		1.30E+07		0.20972						4.12E+01		8.71E+00		0.21475				63.0957		1.45E+07		2.90E+06		0.19935				63.0957		3.82E+07		7.28E+06		0.19054						2.64E+01		5.09E+00		0.194945

		70.7946		29.4843333333		4.3583333333		0.14743				70.7946		9.88E+07		1.66E+07		0.16816				70.7946		7.32E+07		1.39E+07		0.19027						86.01		15.27		0.179215				70.7946		2.06E+07		4.52E+06		0.21986				70.7946		6.27E+07		1.32E+07		0.2099						4.18E+01		8.84E+00		0.21488				70.7946		1.47E+07		2.93E+06		0.199				70.7946		3.87E+07		7.42E+06		0.19152						2.67E+01		5.17E+00		0.19526

		79.4328		29.8736666667		4.4559		0.1491033333				79.4328		1.00E+08		1.68E+07		0.16839				79.4328		7.41E+07		1.41E+07		0.19031						87.09		15.48		0.17935				79.4328		2.10E+07		4.60E+06		0.2194				79.4328		6.36E+07		1.33E+07		0.20971						4.25E+01		8.97E+00		0.214555				79.4328		1.49E+07		2.98E+06		0.19972				79.4328		3.93E+07		7.53E+06		0.19186						2.71E+01		5.26E+00		0.19579

		89.1251		30.259		4.501		0.14848				89.1251		1.01E+08		1.71E+07		0.16862				89.1251		7.51E+07		1.43E+07		0.19056						88.22		15.70		0.17959				89.1251		2.13E+07		4.62E+06		0.21728				89.1251		6.46E+07		1.35E+07		0.20932						4.31E+01		9.07E+00		0.2133				89.1251		1.51E+07		3.04E+06		0.20099				89.1251		3.98E+07		7.60E+06		0.19118						2.74E+01		5.32E+00		0.196085

		100		30.6376666667		4.5808		0.14917				100		1.03E+08		1.73E+07		0.16901				100		7.61E+07		1.44E+07		0.18993						89.30		15.89		0.17947				100		2.16E+07		4.69E+06		0.21731				100		6.56E+07		1.37E+07		0.20874						6.56E+01		9.19E+00		0.213025				100		1.54E+07		3.04E+06		0.19738				100		4.03E+07		7.76E+06		0.19233						2.79E+01		5.40E+00		0.194855
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				Toluene

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3%(2)										3% Avg										5% (1)										5% (2)										5% Avg

				E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

				MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		2.37555		0.405965		0.16877				1		7.45E+06		1.96E+06		0.26245				1		5.42E+06		1.63E+06		0.29984						7.45		1.79		0.281145				1		6.65E+06		2.21E+06		0.33244				1		4.48E+06		1.20E+06		0.26734						6.00		1.70		0.29989				1		1.32E+07		3.83E+06		0.29122				1		1.12E+07		3.25E+06		0.29148						12.16		3.54		0.29135

		1.12202		2.42445		0.39312		0.15956				1.12202		7.68E+06		1.95E+06		0.25425				1.12202		5.62E+06		1.61E+06		0.2869						7.68		1.78		0.270575				1.12202		6.87E+06		2.20E+06		0.32017				1.12202		4.63E+06		1.20E+06		0.2585						6.13		1.70		0.289335				1.12202		1.36E+07		3.73E+06		0.27465				1.12202		1.16E+07		3.19E+06		0.27535						12.60		3.46		0.275

		1.25893		2.4616		0.3855		0.154305				1.25893		7.87E+06		1.92E+06		0.24413				1.25893		5.75E+06		1.60E+06		0.27899						7.87		1.76		0.26156				1.25893		6.90E+06		2.10E+06		0.30437				1.25893		4.75E+06		1.16E+06		0.24529						6.26		1.63		0.27483				1.25893		1.39E+07		3.64E+06		0.26157				1.25893		1.18E+07		3.10E+06		0.26236						12.88		3.37		0.261965

		1.41254		2.4917		0.38235		0.15118				1.41254		8.06E+06		1.94E+06		0.24077				1.41254		5.91E+06		1.59E+06		0.26882						8.06		1.76		0.254795				1.41254		7.12E+06		2.00E+06		0.28107				1.41254		4.86E+06		1.16E+06		0.23785						6.41		1.58		0.25946				1.41254		1.42E+07		3.66E+06		0.25734				1.41254		1.21E+07		3.09E+06		0.25545						13.16		3.38		0.256395

		1.58489		2.52895		0.391055		0.15244				1.58489		8.19E+06		1.96E+06		0.23907				1.58489		6.06E+06		1.57E+06		0.25944						8.19		1.76		0.249255				1.58489		7.24E+06		1.94E+06		0.26726				1.58489		4.96E+06		1.16E+06		0.23439						6.50		1.55		0.250825				1.58489		1.45E+07		3.63E+06		0.25026				1.58489		1.24E+07		3.09E+06		0.24982						13.43		3.36		0.25004

		1.77828		2.5541		0.39419		0.15214				1.77828		8.34E+06		1.96E+06		0.23462				1.77828		6.16E+06		1.61E+06		0.26125						8.34		1.78		0.247935				1.77828		7.29E+06		1.89E+06		0.25909				1.77828		5.11E+06		1.14E+06		0.22309						6.61		1.51		0.24109				1.77828		1.48E+07		3.63E+06		0.2452				1.77828		1.26E+07		3.10E+06		0.24557						13.71		3.36		0.245385

		1.99526		2.58635		0.39107		0.148985				1.99526		8.50E+06		1.98E+06		0.23292				1.99526		6.33E+06		1.60E+06		0.25358						8.50		1.79		0.24325				1.99526		7.44E+06		1.90E+06		0.25564				1.99526		5.23E+06		1.15E+06		0.21986						6.74		1.53		0.23775				1.99526		1.51E+07		3.65E+06		0.24253				1.99526		1.29E+07		3.13E+06		0.24296						13.97		3.39		0.242745

		2.23872		2.614		0.40111		0.15159				2.23872		8.64E+06		2.03E+06		0.23439				2.23872		6.42E+06		1.65E+06		0.25716						8.64		1.84		0.245775				2.23872		7.55E+06		1.91E+06		0.25257				2.23872		5.29E+06		1.19E+06		0.22424						6.84		1.55		0.238405				2.23872		1.53E+07		3.73E+06		0.24299				2.23872		1.31E+07		3.15E+06		0.23943						14.24		3.44		0.24121

		2.51189		2.642		0.408895		0.153135				2.51189		8.78E+06		2.02E+06		0.23012				2.51189		6.56E+06		1.68E+06		0.25632						8.78		1.85		0.24322				2.51189		7.68E+06		1.86E+06		0.24237				2.51189		5.37E+06		1.19E+06		0.22197						6.96		1.53		0.23217				2.51189		1.56E+07		3.74E+06		0.23909				2.51189		1.34E+07		3.15E+06		0.2355						14.52		3.45		0.237295

		2.81838		2.67095		0.410115		0.15125				2.81838		8.93E+06		2.09E+06		0.2342				2.81838		6.67E+06		1.70E+06		0.25425						8.93		1.89		0.244225				2.81838		7.82E+06		1.89E+06		0.24114				2.81838		5.47E+06		1.19E+06		0.21818						7.06		1.54		0.22966				2.81838		1.59E+07		3.75E+06		0.23643				2.81838		1.36E+07		3.19E+06		0.23445						14.74		3.47		0.23544

		3.16228		2.7011		0.41553		0.15148				3.16228		9.08E+06		2.10E+06		0.23169				3.16228		6.81E+06		1.71E+06		0.2505						9.08		1.91		0.241095				3.16228		7.90E+06		1.88E+06		0.23843				3.16228		5.57E+06		1.18E+06		0.21214						7.16		1.53		0.225285				3.16228		1.62E+07		3.81E+06		0.23581				3.16228		1.38E+07		3.22E+06		0.23277						14.99		3.51		0.23429

		3.54813		2.73865		0.42055		0.151745				3.54813		9.25E+06		2.11E+06		0.22756				3.54813		6.93E+06		1.77E+06		0.25533						9.25		1.94		0.241445				3.54813		8.02E+06		1.90E+06		0.2363				3.54813		5.65E+06		1.27E+06		0.22449						7.26		1.58		0.230395				3.54813		1.64E+07		3.87E+06		0.23591				3.54813		1.41E+07		3.28E+06		0.23267						15.25		3.58		0.23429

		3.98107		2.77375		0.42736		0.15241				3.98107		9.39E+06		2.12E+06		0.22598				3.98107		7.06E+06		1.77E+06		0.25073						9.39		1.95		0.238355				3.98107		8.11E+06		1.91E+06		0.2353				3.98107		5.71E+06		1.27E+06		0.22205						7.36		1.59		0.228675				3.98107		1.67E+07		3.90E+06		0.23409				3.98107		1.43E+07		3.33E+06		0.23309						15.48		3.62		0.23359

		4.46684		2.79545		0.43212		0.15253				4.46684		9.55E+06		2.17E+06		0.22762				4.46684		7.20E+06		1.80E+06		0.24963						9.55		1.99		0.238625				4.46684		8.24E+06		1.91E+06		0.23166				4.46684		5.80E+06		1.26E+06		0.21768						7.46		1.59		0.22467				4.46684		1.70E+07		3.97E+06		0.23387				4.46684		1.46E+07		3.39E+06		0.23269						15.76		3.68		0.23328

		5.01187		2.83015		0.4461		0.15588				5.01187		9.70E+06		2.23E+06		0.22971				5.01187		7.37E+06		1.81E+06		0.24618						9.70		2.02		0.237945				5.01187		8.35E+06		1.93E+06		0.2315				5.01187		5.92E+06		1.28E+06		0.21602						7.58		1.61		0.22376				5.01187		1.72E+07		4.00E+06		0.23232				5.01187		1.48E+07		3.41E+06		0.23059						15.99		3.70		0.231455

		5.62341		2.85755		0.44803		0.15464				5.62341		9.87E+06		2.25E+06		0.22812				5.62341		7.48E+06		1.84E+06		0.24639						9.87		2.05		0.237255				5.62341		8.48E+06		1.96E+06		0.23064				5.62341		5.99E+06		1.29E+06		0.21527						7.68		1.62		0.222955				5.62341		1.75E+07		4.04E+06		0.23118				5.62341		1.50E+07		3.46E+06		0.23004						16.26		3.75		0.23061

		6.30957		2.8916		0.457035		0.15604				6.30957		1.00E+07		2.27E+06		0.2258				6.30957		7.63E+06		1.88E+06		0.24635						10.04		2.07		0.236075				6.30957		8.57E+06		1.97E+06		0.23027				6.30957		6.09E+06		1.31E+06		0.21453						7.79		1.64		0.2224				6.30957		1.78E+07		4.12E+06		0.23214				6.30957		1.52E+07		3.50E+06		0.22981						16.50		3.81		0.230975

		7.07946		2.9293		0.464125		0.156695				7.07946		1.02E+07		2.30E+06		0.22622				7.07946		7.75E+06		1.92E+06		0.24745						10.17		2.11		0.236835				7.07946		8.70E+06		1.97E+06		0.22642				7.07946		6.19E+06		1.35E+06		0.21799						7.90		1.66		0.222205				7.07946		1.81E+07		4.18E+06		0.23167				7.07946		1.55E+07		3.53E+06		0.22808						16.78		3.86		0.229875

		7.94328		2.961		0.471365		0.15703				7.94328		1.03E+07		2.37E+06		0.22884				7.94328		7.92E+06		1.93E+06		0.24425						10.35		2.15		0.236545				7.94328		8.82E+06		2.00E+06		0.22668				7.94328		6.27E+06		1.36E+06		0.21778						8.00		1.68		0.22223				7.94328		1.83E+07		4.25E+06		0.23165				7.94328		1.57E+07		3.62E+06		0.22981						17.04		3.93		0.23073

		8.91251		2.99185		0.4825		0.15928				8.91251		1.05E+07		2.39E+06		0.22744				8.91251		8.05E+06		1.99E+06		0.24688						10.51		2.19		0.23716				8.91251		8.91E+06		2.04E+06		0.22859				8.91251		6.37E+06		1.41E+06		0.22111						8.11		1.72		0.22485				8.91251		1.86E+07		4.30E+06		0.23104				8.91251		1.60E+07		3.67E+06		0.22947						17.31		3.99		0.230255

		10		3.0269		0.47981		0.15674				10		1.07E+07		2.42E+06		0.22687				10		8.19E+06		2.01E+06		0.2453						10.69		2.22		0.236085				10		9.04E+06		2.06E+06		0.22822				10		6.48E+06		1.41E+06		0.21774						8.22		1.74		0.22298				10		1.89E+07		4.38E+06		0.23105				10		1.63E+07		3.73E+06		0.2294						17.60		4.05		0.230225

		11.2202		3.0602		0.487715		0.157505				11.2202		1.09E+07		2.48E+06		0.22841				11.2202		8.33E+06		2.05E+06		0.24673						10.86		2.27		0.23757				11.2202		9.15E+06		2.08E+06		0.22732				11.2202		6.57E+06		1.43E+06		0.2182						8.33		1.76		0.22276				11.2202		1.92E+07		4.44E+06		0.23083				11.2202		1.65E+07		3.79E+06		0.22924						17.87		4.11		0.230035

		12.5893		3.09845		0.50459		0.160825				12.5893		1.10E+07		2.50E+06		0.22688				12.5893		8.47E+06		2.09E+06		0.24663						11.03		2.30		0.236755				12.5893		9.25E+06		2.10E+06		0.22698				12.5893		6.67E+06		1.45E+06		0.21684						8.42		1.77		0.22191				12.5893		1.95E+07		4.53E+06		0.23196				12.5893		1.68E+07		3.85E+06		0.22968						18.15		4.19		0.23082

		14.1254		3.13815		0.51037		0.160775				14.1254		1.12E+07		2.57E+06		0.22924				14.1254		8.63E+06		2.12E+06		0.24521						11.21		2.34		0.237225				14.1254		9.33E+06		2.16E+06		0.23093				14.1254		6.78E+06		1.48E+06		0.21816						8.52		1.82		0.224545				14.1254		1.98E+07		4.58E+06		0.23098				14.1254		1.71E+07		3.90E+06		0.22891						18.45		4.24		0.229945

		15.8489		3.1698		0.51681		0.16118				15.8489		1.14E+07		2.61E+06		0.22968				15.8489		8.78E+06		2.16E+06		0.24623						11.38		2.39		0.237955				15.8489		9.44E+06		2.17E+06		0.22999				15.8489		6.88E+06		1.51E+06		0.21966						8.63		1.84		0.224825				15.8489		2.02E+07		4.67E+06		0.23152				15.8489		1.73E+07		3.98E+06		0.22981						18.75		4.33		0.230665

		17.7828		3.2093		0.538925		0.165695				17.7828		1.16E+07		2.67E+06		0.23104				17.7828		8.93E+06		2.21E+06		0.24709						11.57		2.44		0.239065				17.7828		9.57E+06		2.22E+06		0.23193				17.7828		7.00E+06		1.55E+06		0.22168						8.75		1.89		0.226805				17.7828		2.05E+07		4.76E+06		0.23232				17.7828		1.76E+07		4.07E+06		0.23124						19.05		4.42		0.23178

		19.9526		3.24835		0.5414		0.16484				19.9526		1.18E+07		2.72E+06		0.23134				19.9526		9.09E+06		2.25E+06		0.2474						11.77		2.49		0.23937				19.9526		9.70E+06		2.24E+06		0.23092				19.9526		7.12E+06		1.57E+06		0.22101						8.87		1.91		0.225965				19.9526		2.08E+07		4.85E+06		0.2328				19.9526		1.79E+07		4.13E+06		0.23077						19.37		4.49		0.231785

		22.3872		3.28765		0.55969		0.16821				22.3872		1.20E+07		2.78E+06		0.23239				22.3872		9.25E+06		2.29E+06		0.24757						11.97		2.54		0.23998				22.3872		9.80E+06		2.28E+06		0.23221				22.3872		7.23E+06		1.60E+06		0.22174						8.98		1.94		0.226975				22.3872		2.11E+07		4.93E+06		0.23313				22.3872		1.82E+07		4.21E+06		0.23161						19.66		4.57		0.23237

		25.1189		3.32995		0.566055		0.16813				25.1189		1.21E+07		2.82E+06		0.23207				25.1189		9.41E+06		2.34E+06		0.24864						12.15		2.58		0.240355				25.1189		9.90E+06		2.31E+06		0.23299				25.1189		7.34E+06		1.63E+06		0.22271						9.09		1.97		0.22785				25.1189		2.15E+07		5.02E+06		0.23359				25.1189		1.85E+07		4.27E+06		0.23149						19.97		4.65		0.23254

		28.1838		3.36235		0.57952		0.17015				28.1838		1.23E+07		2.86E+06		0.23136				28.1838		9.59E+06		2.37E+06		0.24741						12.34		2.61		0.239385				28.1838		1.00E+07		2.34E+06		0.23261				28.1838		7.44E+06		1.66E+06		0.22245						9.22		2.00		0.22753				28.1838		2.18E+07		5.11E+06		0.23479				28.1838		1.88E+07		4.34E+06		0.23137						20.26		4.72		0.23308

		31.6228		3.39715		0.587605		0.170925				31.6228		1.25E+07		2.89E+06		0.23127				31.6228		9.74E+06		2.41E+06		0.24714						12.52		2.65		0.239205				31.6228		1.02E+07		2.37E+06		0.23256				31.6228		7.57E+06		1.70E+06		0.2244						9.36		2.03		0.22848				31.6228		2.21E+07		5.20E+06		0.23542				31.6228		1.91E+07		4.38E+06		0.22952						20.60		4.79		0.23247

		35.4813		3.4417		0.58468		0.16798				35.4813		1.27E+07		2.98E+06		0.23353				35.4813		9.92E+06		2.45E+06		0.24732						12.74		2.71		0.240425				35.4813		1.03E+07		2.41E+06		0.23315				35.4813		7.68E+06		1.72E+06		0.22358						9.49		2.06		0.228365				35.4813		2.24E+07		5.30E+06		0.23591				35.4813		1.94E+07		4.52E+06		0.23317						20.91		4.91		0.23454

		39.8107		3.47895		0.607315		0.17224				39.8107		1.30E+07		3.04E+06		0.23463				39.8107		1.01E+07		2.51E+06		0.24848						12.97		2.78		0.241555				39.8107		1.05E+07		2.45E+06		0.23376				39.8107		7.82E+06		1.72E+06		0.22041						9.63		2.09		0.227085				39.8107		2.28E+07		5.39E+06		0.23625				39.8107		1.97E+07		4.59E+06		0.23315						21.26		4.99		0.2347

		44.6684		3.5148		0.61637		0.17326				44.6684		1.32E+07		3.07E+06		0.2333				44.6684		1.03E+07		2.56E+06		0.24872						13.17		2.81		0.24101				44.6684		1.06E+07		2.48E+06		0.23392				44.6684		7.92E+06		1.78E+06		0.22513						9.75		2.13		0.229525				44.6684		2.32E+07		5.49E+06		0.23667				44.6684		2.00E+07		4.67E+06		0.23366						21.60		5.08		0.235165

		50.1187		3.56755		0.6111		0.16807				50.1187		1.34E+07		3.16E+06		0.23597				50.1187		1.05E+07		2.60E+06		0.24864						13.38		2.88		0.242305				50.1187		1.07E+07		2.54E+06		0.23701				50.1187		8.03E+06		1.82E+06		0.22657						9.89		2.18		0.23179				50.1187		2.35E+07		5.57E+06		0.23659				50.1187		2.03E+07		4.75E+06		0.23387						21.94		5.16		0.23523

		56.2341		3.63		0.633745		0.173035				56.2341		1.36E+07		3.21E+06		0.23596				56.2341		1.06E+07		2.64E+06		0.24815						13.60		2.92		0.242055				56.2341		1.09E+07		2.57E+06		0.23549				56.2341		8.17E+06		1.84E+06		0.22573						10.03		2.21		0.23061				56.2341		2.40E+07		5.68E+06		0.23713				56.2341		2.06E+07		4.85E+06		0.23505						22.30		5.27		0.23609

		63.0957		3.6541		0.64752		0.17572				63.0957		1.38E+07		3.25E+06		0.23515				63.0957		1.08E+07		2.70E+06		0.24993						13.82		2.97		0.24254				63.0957		1.10E+07		2.61E+06		0.23639				63.0957		8.29E+06		1.91E+06		0.23077						10.17		2.26		0.23358				63.0957		2.43E+07		5.79E+06		0.2381				63.0957		2.10E+07		4.92E+06		0.23432						22.66		5.36		0.23621

		70.7946		3.69695		0.661585		0.17693				70.7946		1.40E+07		3.32E+06		0.23631				70.7946		1.10E+07		2.74E+06		0.24976						14.03		3.03		0.243035				70.7946		1.12E+07		2.64E+06		0.23616				70.7946		8.42E+06		1.90E+06		0.22578						10.33		2.27		0.23097				70.7946		2.47E+07		5.88E+06		0.23782				70.7946		2.14E+07		4.99E+06		0.23351						23.05		5.44		0.235665

		79.4328		3.77415		0.611135		0.16164				79.4328		1.42E+07		3.38E+06		0.23764				79.4328		1.12E+07		2.81E+06		0.25161						14.21		3.09		0.244625				79.4328		1.14E+07		2.67E+06		0.23474				79.4328		8.51E+06		1.93E+06		0.22651						10.46		2.30		0.230625				79.4328		2.52E+07		5.99E+06		0.23822				79.4328		2.17E+07		5.10E+06		0.23557						23.41		5.55		0.236895

		89.1251		3.73995		0.65104		0.172295				89.1251		1.45E+07		3.43E+06		0.23692				89.1251		1.14E+07		2.85E+06		0.25078						14.47		3.14		0.24385				89.1251		1.15E+07		2.69E+06		0.23444				89.1251		8.66E+06		1.96E+06		0.22628						10.61		2.33		0.23036				89.1251		2.56E+07		6.07E+06		0.2375				89.1251		2.20E+07		5.14E+06		0.23327						23.80		5.60		0.235385

		100		3.78345		0.692385		0.180385				100		1.47E+07		3.43E+06		0.23391				100		1.15E+07		2.84E+06		0.24694						14.68		3.14		0.240425				100		1.17E+07		2.78E+06		0.23815				100		8.74E+06		1.98E+06		0.22616						10.20		2.38		0.232155				100		2.59E+07		6.15E+06		0.23714				100		2.24E+07		5.21E+06		0.23263						24.18		5.68		0.234885
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		Spray coated Estane with Na+/Pentanol on 9/27/2011

				Pentanol

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3% (2)										3% Avg										5% (1)										5% (2)										5% Avg

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		5.47475		1.0861		0.19839				1		1.09E+07		2.06E+06		0.18839				1		2.60E+07		4.27E+06		0.16401						1.85E+01		3.16E+00		0.1762				1		4.12E+07		6.42E+06		0.15593				1		6.41E+07		8.41E+06		0.13118						5.26E+01		7.42E+00		0.143555				1		2.59E+07		3.47E+06		0.1338				1		2.68E+07		3.65E+06		0.13604						1.12E+01		3.56E+00		0.13492

		1.12202		5.567		1.0621		0.190795				1.12202		1.11E+07		1.97E+06		0.17789				1.12202		2.62E+07		4.21E+06		0.16035						1.87E+01		3.09E+00		0.16912				1.12202		4.20E+07		6.35E+06		0.15144				1.12202		6.49E+07		8.38E+06		0.12903						5.34E+01		7.37E+00		0.140235				1.12202		2.62E+07		3.45E+06		0.13138				1.12202		2.72E+07		3.64E+06		0.13395						1.14E+01		3.54E+00		0.132665

		1.25893		5.62345		1.05005		0.186735				1.25893		1.12E+07		1.95E+06		0.17326				1.25893		2.64E+07		4.19E+06		0.1586						1.88E+01		3.07E+00		0.16593				1.25893		4.26E+07		6.38E+06		0.14982				1.25893		6.58E+07		8.47E+06		0.12872						5.42E+01		7.43E+00		0.13927				1.25893		2.65E+07		3.48E+06		0.13113				1.25893		2.75E+07		3.67E+06		0.13334						1.15E+01		3.58E+00		0.132235

		1.41254		5.679		1.0418		0.18345				1.41254		1.13E+07		1.91E+06		0.16818				1.41254		2.67E+07		4.17E+06		0.15641						1.90E+01		3.04E+00		0.162295				1.41254		4.32E+07		6.46E+06		0.1495				1.41254		6.66E+07		8.55E+06		0.12831						5.49E+01		7.50E+00		0.138905				1.41254		2.68E+07		3.45E+06		0.12894				1.41254		2.78E+07		3.69E+06		0.13242						1.16E+01		3.57E+00		0.13068

		1.58489		5.7328		1.0393		0.181295				1.58489		1.14E+07		1.92E+06		0.16875				1.58489		2.69E+07		4.18E+06		0.15557						1.92E+01		3.05E+00		0.16216				1.58489		4.38E+07		6.45E+06		0.14736				1.58489		6.73E+07		8.62E+06		0.12806						5.55E+01		7.54E+00		0.13771				1.58489		2.71E+07		3.52E+06		0.13005				1.58489		2.81E+07		3.70E+06		0.1315						1.17E+01		3.61E+00		0.130775

		1.77828		5.79145		1.04985		0.18128				1.77828		1.15E+07		1.90E+06		0.16557				1.77828		2.71E+07		4.20E+06		0.155						1.93E+01		3.05E+00		0.160285				1.77828		4.43E+07		6.51E+06		0.14686				1.77828		6.80E+07		8.72E+06		0.12817						5.62E+01		7.61E+00		0.137515				1.77828		2.73E+07		3.57E+06		0.13047				1.77828		2.84E+07		3.74E+06		0.13173						1.19E+01		3.65E+00		0.1311

		1.99526		5.84595		1.05145		0.179855				1.99526		1.16E+07		1.92E+06		0.16526				1.99526		2.74E+07		4.21E+06		0.15377						1.95E+01		3.06E+00		0.159515				1.99526		4.48E+07		6.59E+06		0.14718				1.99526		6.87E+07		8.75E+06		0.12746						5.67E+01		7.67E+00		0.13732				1.99526		2.76E+07		3.61E+06		0.13098				1.99526		2.87E+07		3.82E+06		0.13298						1.20E+01		3.71E+00		0.13198

		2.23872		5.9055		1.0687		0.180975				2.23872		1.17E+07		1.96E+06		0.16802				2.23872		2.76E+07		4.28E+06		0.15513						1.96E+01		3.12E+00		0.161575				2.23872		4.53E+07		6.72E+06		0.14814				2.23872		6.94E+07		8.99E+06		0.12963						5.74E+01		7.86E+00		0.138885				2.23872		2.78E+07		3.65E+06		0.1313				2.23872		2.90E+07		3.89E+06		0.13419						1.21E+01		3.77E+00		0.132745

		2.51189		5.95365		1.0683		0.179445				2.51189		1.18E+07		1.98E+06		0.16843				2.51189		2.79E+07		4.34E+06		0.15577						1.98E+01		3.16E+00		0.1621				2.51189		4.59E+07		6.79E+06		0.14805				2.51189		7.01E+07		9.13E+06		0.13027						5.80E+01		7.96E+00		0.13916				2.51189		2.81E+07		3.72E+06		0.13271				2.51189		2.92E+07		3.93E+06		0.13455						1.22E+01		3.83E+00		0.13363

		2.81838		6.01325		1.07735		0.17917				2.81838		1.19E+07		1.98E+06		0.16641				2.81838		2.81E+07		4.39E+06		0.15639						2.00E+01		3.19E+00		0.1614				2.81838		4.63E+07		6.89E+06		0.14885				2.81838		7.07E+07		9.16E+06		0.12956						5.85E+01		8.03E+00		0.139205				2.81838		2.83E+07		3.78E+06		0.13346				2.81838		2.95E+07		3.97E+06		0.13437						1.23E+01		3.88E+00		0.133915

		3.16228		6.07575		1.0755		0.177005				3.16228		1.20E+07		2.01E+06		0.16769				3.16228		2.83E+07		4.47E+06		0.15784						2.02E+01		3.24E+00		0.162765				3.16228		4.68E+07		6.98E+06		0.14899				3.16228		7.14E+07		9.34E+06		0.13079						5.91E+01		8.16E+00		0.13989				3.16228		2.86E+07		3.80E+06		0.13296				3.16228		2.99E+07		4.02E+06		0.13476						1.25E+01		3.91E+00		0.13386

		3.54813		6.13995		1.0962		0.17856				3.54813		1.21E+07		2.02E+06		0.16698				3.54813		2.86E+07		4.48E+06		0.1565						2.04E+01		3.25E+00		0.16174				3.54813		4.74E+07		7.08E+06		0.14946				3.54813		7.21E+07		9.44E+06		0.13101						5.97E+01		8.26E+00		0.140235				3.54813		2.88E+07		3.85E+06		0.13335				3.54813		3.01E+07		4.11E+06		0.13664						1.25E+01		3.98E+00		0.134995

		3.98107		6.2035		1.1136		0.17954				3.98107		1.22E+07		2.05E+06		0.16768				3.98107		2.89E+07		4.54E+06		0.15709						2.06E+01		3.30E+00		0.162385				3.98107		4.78E+07		7.22E+06		0.15084				3.98107		7.27E+07		9.56E+06		0.13139						6.03E+01		8.39E+00		0.141115				3.98107		2.91E+07		3.95E+06		0.13543				3.98107		3.04E+07		4.15E+06		0.1365						1.27E+01		4.05E+00		0.135965

		4.46684		6.25795		1.12175		0.17928				4.46684		1.23E+07		2.08E+06		0.1686				4.46684		2.92E+07		4.62E+06		0.15846						2.07E+01		3.35E+00		0.16353				4.46684		4.84E+07		7.29E+06		0.1506				4.46684		7.35E+07		9.76E+06		0.13283						6.09E+01		8.52E+00		0.141715				4.46684		2.94E+07		3.99E+06		0.13594				4.46684		3.07E+07		4.22E+06		0.13761						1.28E+01		4.11E+00		0.136775

		5.01187		6.3275		1.1415		0.180395				5.01187		1.24E+07		2.12E+06		0.1702				5.01187		2.94E+07		4.68E+06		0.15902						2.09E+01		3.40E+00		0.16461				5.01187		4.89E+07		7.37E+06		0.15084				5.01187		7.42E+07		9.88E+06		0.13314						6.15E+01		8.63E+00		0.14199				5.01187		2.97E+07		4.06E+06		0.13677				5.01187		3.10E+07		4.30E+06		0.13851						1.30E+01		4.18E+00		0.13764

		5.62341		6.39265		1.1499		0.179895				5.62341		1.25E+07		2.14E+06		0.17113				5.62341		2.97E+07		4.75E+06		0.15991						2.11E+01		3.45E+00		0.16552				5.62341		4.94E+07		7.50E+06		0.15182				5.62341		7.50E+07		1.00E+07		0.13399						6.22E+01		8.77E+00		0.142905				5.62341		3.00E+07		4.12E+06		0.13755				5.62341		3.13E+07		4.35E+06		0.13876						1.31E+01		4.23E+00		0.138155

		6.30957		6.46365		1.1633		0.18				6.30957		1.26E+07		2.16E+06		0.17109				6.30957		3.00E+07		4.81E+06		0.16017						2.13E+01		3.48E+00		0.16563				6.30957		4.99E+07		7.61E+06		0.15246				6.30957		7.57E+07		1.02E+07		0.13501						6.28E+01		8.91E+00		0.143735				6.30957		3.02E+07		4.20E+06		0.13907				6.30957		3.16E+07		4.46E+06		0.14108						1.32E+01		4.33E+00		0.140075

		7.07946		6.53035		1.18165		0.18095				7.07946		1.27E+07		2.16E+06		0.17015				7.07946		3.03E+07		4.90E+06		0.16172						2.15E+01		3.53E+00		0.165935				7.07946		5.04E+07		7.73E+06		0.15331				7.07946		7.64E+07		1.03E+07		0.13546						6.34E+01		9.04E+00		0.144385				7.07946		3.05E+07		4.25E+06		0.13931				7.07946		3.19E+07		4.50E+06		0.141						1.33E+01		4.38E+00		0.140155

		7.94328		6.6021		1.20085		0.18191				7.94328		1.28E+07		2.22E+06		0.1729				7.94328		3.06E+07		4.96E+06		0.16213						2.17E+01		3.59E+00		0.167515				7.94328		5.10E+07		7.85E+06		0.15402				7.94328		7.71E+07		1.05E+07		0.13669						6.41E+01		9.20E+00		0.145355				7.94328		3.08E+07		4.33E+06		0.14036				7.94328		3.22E+07		4.56E+06		0.14152						1.35E+01		4.44E+00		0.14094

		8.91251		6.6848		1.22335		0.18301				8.91251		1.30E+07		2.23E+06		0.17201				8.91251		3.10E+07		5.03E+06		0.16239						2.20E+01		3.63E+00		0.1672				8.91251		5.15E+07		7.97E+06		0.15459				8.91251		7.79E+07		1.07E+07		0.13722						6.47E+01		9.33E+00		0.145905				8.91251		3.11E+07		4.39E+06		0.14097				8.91251		3.26E+07		4.66E+06		0.14308						1.36E+01		4.52E+00		0.142025

		10		6.7622		1.22935		0.18183				10		1.31E+07		2.25E+06		0.17219				10		3.13E+07		5.15E+06		0.16455						2.22E+01		3.70E+00		0.16837				10		5.21E+07		8.09E+06		0.15532				10		7.86E+07		1.09E+07		0.13815						6.54E+01		9.48E+00		0.146735				10		3.14E+07		4.46E+06		0.14201				10		3.29E+07		4.73E+06		0.14379						1.38E+01		4.60E+00		0.1429

		11.2202		6.8377		1.25225		0.183155				11.2202		1.32E+07		2.29E+06		0.17341				11.2202		3.16E+07		5.22E+06		0.16524						2.24E+01		3.76E+00		0.169325				11.2202		5.26E+07		8.21E+06		0.15602				11.2202		7.94E+07		1.10E+07		0.13912						6.60E+01		9.63E+00		0.14757				11.2202		3.17E+07		4.57E+06		0.14392				11.2202		3.32E+07		4.83E+06		0.14537						1.39E+01		4.70E+00		0.144645

		12.5893		6.91535		1.27015		0.18365				12.5893		1.33E+07		2.31E+06		0.17336				12.5893		3.19E+07		5.31E+06		0.16628						2.26E+01		3.81E+00		0.16982				12.5893		5.29E+07		8.34E+06		0.15766				12.5893		8.02E+07		1.12E+07		0.13989						6.65E+01		9.78E+00		0.148775				12.5893		3.21E+07		4.63E+06		0.14432				12.5893		3.36E+07		4.89E+06		0.14569						1.41E+01		4.76E+00		0.145005

		14.1254		6.9988		1.29275		0.18472				14.1254		1.35E+07		2.35E+06		0.17461				14.1254		3.23E+07		5.40E+06		0.16719						2.29E+01		3.87E+00		0.1709				14.1254		5.34E+07		8.49E+06		0.15885				14.1254		8.06E+07		1.14E+07		0.14131						6.70E+01		9.94E+00		0.15008				14.1254		3.24E+07		4.70E+06		0.14491				14.1254		3.39E+07		4.99E+06		0.14709						1.42E+01		4.84E+00		0.146

		15.8489		7.08205		1.31015		0.184965				15.8489		1.36E+07		2.39E+06		0.17552				15.8489		3.26E+07		5.48E+06		0.16783						2.31E+01		3.93E+00		0.171675				15.8489		5.40E+07		8.63E+06		0.15986				15.8489		8.14E+07		1.16E+07		0.14232						6.77E+01		1.01E+01		0.15109				15.8489		3.27E+07		4.80E+06		0.14658				15.8489		3.43E+07		5.08E+06		0.14823						1.44E+01		4.94E+00		0.147405

		17.7828		7.16445		1.34025		0.187095				17.7828		1.37E+07		2.44E+06		0.17746				17.7828		3.30E+07		5.59E+06		0.16949						2.34E+01		4.01E+00		0.173475				17.7828		5.45E+07		8.79E+06		0.16113				17.7828		8.22E+07		1.18E+07		0.1438						6.84E+01		1.03E+01		0.152465				17.7828		3.31E+07		4.90E+06		0.14819				17.7828		3.46E+07		5.19E+06		0.14982						1.45E+01		5.04E+00		0.149005

		19.9526		7.25125		1.36435		0.188145				19.9526		1.39E+07		2.46E+06		0.17762				19.9526		3.34E+07		5.68E+06		0.17034						2.36E+01		4.07E+00		0.17398				19.9526		5.51E+07		8.94E+06		0.16209				19.9526		8.30E+07		1.20E+07		0.14471						6.91E+01		1.05E+01		0.1534				19.9526		3.34E+07		4.97E+06		0.14875				19.9526		3.50E+07		5.28E+06		0.15098						1.47E+01		5.13E+00		0.149865

		22.3872		7.33975		1.3804		0.188075				22.3872		1.40E+07		2.50E+06		0.17831				22.3872		3.37E+07		5.78E+06		0.17128						2.39E+01		4.14E+00		0.174795				22.3872		5.58E+07		9.10E+06		0.16317				22.3872		8.39E+07		1.22E+07		0.14576						6.98E+01		1.07E+01		0.154465				22.3872		3.37E+07		5.06E+06		0.15012				22.3872		3.54E+07		5.36E+06		0.15145						1.48E+01		5.21E+00		0.150785

		25.1189		7.4319		1.41495		0.190385				25.1189		1.42E+07		2.54E+06		0.17914				25.1189		3.41E+07		5.89E+06		0.17272						2.41E+01		4.21E+00		0.17593				25.1189		5.64E+07		9.24E+06		0.16394				25.1189		8.47E+07		1.24E+07		0.14674						7.06E+01		1.08E+01		0.15534				25.1189		3.41E+07		5.14E+06		0.15069				25.1189		3.57E+07		5.46E+06		0.15279						1.50E+01		5.30E+00		0.15174

		28.1838		7.5207		1.43445		0.190715				28.1838		1.43E+07		2.57E+06		0.18012				28.1838		3.45E+07		5.97E+06		0.17324						2.44E+01		4.27E+00		0.17668				28.1838		5.70E+07		9.39E+06		0.16468				28.1838		8.56E+07		1.26E+07		0.14749						7.13E+01		1.10E+01		0.156085				28.1838		3.45E+07		5.23E+06		0.15181				28.1838		3.61E+07		5.55E+06		0.15362						1.52E+01		5.39E+00		0.152715

		31.6228		7.60995		1.45425		0.19109				31.6228		1.44E+07		2.61E+06		0.18072				31.6228		3.49E+07		6.09E+06		0.17474						2.46E+01		4.35E+00		0.17773				31.6228		5.76E+07		9.52E+06		0.16511				31.6228		8.65E+07		1.29E+07		0.1486						7.21E+01		1.12E+01		0.156855				31.6228		3.49E+07		5.36E+06		0.15379				31.6228		3.65E+07		5.65E+06		0.15489						1.53E+01		5.51E+00		0.15434

		35.4813		7.70855		1.4907		0.19338				35.4813		1.46E+07		2.65E+06		0.18177				35.4813		3.53E+07		6.19E+06		0.17544						2.49E+01		4.42E+00		0.178605				35.4813		5.83E+07		9.71E+06		0.16642				35.4813		8.74E+07		1.31E+07		0.14941						7.29E+01		1.14E+01		0.157915				35.4813		3.52E+07		5.42E+06		0.15385				35.4813		3.69E+07		5.74E+06		0.15553						1.55E+01		5.58E+00		0.15469

		39.8107		7.80965		1.5103		0.193345				39.8107		1.47E+07		2.69E+06		0.18259				39.8107		3.57E+07		6.32E+06		0.1769						2.52E+01		4.50E+00		0.179745				39.8107		5.90E+07		9.86E+06		0.16709				39.8107		8.84E+07		1.33E+07		0.15006						7.37E+01		1.16E+01		0.158575				39.8107		3.56E+07		5.52E+06		0.155				39.8107		3.73E+07		5.85E+06		0.15683						1.57E+01		5.69E+00		0.155915

		44.6684		7.9103		1.5392		0.19455				44.6684		1.49E+07		2.74E+06		0.18414				44.6684		3.62E+07		6.41E+06		0.17724						2.55E+01		4.57E+00		0.18069				44.6684		5.97E+07		1.00E+07		0.16777				44.6684		8.93E+07		1.35E+07		0.15091						7.45E+01		1.17E+01		0.15934				44.6684		3.60E+07		5.60E+06		0.15552				44.6684		3.77E+07		5.95E+06		0.15768						1.59E+01		5.77E+00		0.1566

		50.1187		8.02745		1.57715		0.196515				50.1187		1.51E+07		2.77E+06		0.1836				50.1187		3.66E+07		6.51E+06		0.17804						2.58E+01		4.64E+00		0.18082				50.1187		6.03E+07		1.02E+07		0.1682				50.1187		9.03E+07		1.37E+07		0.15141						7.53E+01		1.19E+01		0.159805				50.1187		3.64E+07		5.68E+06		0.15611				50.1187		3.81E+07		6.04E+06		0.15835						1.60E+01		5.86E+00		0.15723

		56.2341		8.11995		1.59695		0.196575				56.2341		1.52E+07		2.80E+06		0.18352				56.2341		3.70E+07		6.61E+06		0.1785						2.61E+01		4.70E+00		0.18101				56.2341		6.11E+07		1.03E+07		0.16891				56.2341		9.13E+07		1.39E+07		0.1524						7.62E+01		1.21E+01		0.160655				56.2341		3.68E+07		5.81E+06		0.15784				56.2341		3.86E+07		6.10E+06		0.15824						1.62E+01		5.96E+00		0.15804

		63.0957		8.2127		1.62485		0.197945				63.0957		1.54E+07		2.82E+06		0.18327				63.0957		3.75E+07		6.71E+06		0.17905						2.65E+01		4.77E+00		0.18116				63.0957		6.18E+07		1.05E+07		0.1692				63.0957		9.22E+07		1.41E+07		0.15268						7.70E+01		1.23E+01		0.16094				63.0957		3.72E+07		5.85E+06		0.15719				63.0957		3.90E+07		6.22E+06		0.15932						1.64E+01		6.03E+00		0.158255

		70.7946		8.2967		1.6532		0.199345				70.7946		1.56E+07		2.90E+06		0.18611				70.7946		3.79E+07		6.84E+06		0.18024						2.67E+01		4.87E+00		0.183175				70.7946		6.25E+07		1.06E+07		0.17003				70.7946		9.32E+07		1.43E+07		0.15319						7.79E+01		1.25E+01		0.16161				70.7946		3.76E+07		5.98E+06		0.15907				70.7946		3.94E+07		6.32E+06		0.16031						1.66E+01		6.15E+00		0.15969

		79.4328		8.4195		1.63725		0.19424				79.4328		1.57E+07		2.90E+06		0.18477				79.4328		3.84E+07		6.92E+06		0.18029						2.70E+01		4.91E+00		0.18253				79.4328		6.32E+07		1.07E+07		0.16982				79.4328		9.43E+07		1.45E+07		0.15368						7.88E+01		1.26E+01		0.16175				79.4328		3.80E+07		6.03E+06		0.15841				79.4328		3.98E+07		6.41E+06		0.16098						1.68E+01		6.22E+00		0.159695

		89.1251		8.50415		1.66435		0.195485				89.1251		1.59E+07		2.94E+06		0.18521				89.1251		3.89E+07		6.99E+06		0.17998						2.74E+01		4.97E+00		0.182595				89.1251		6.40E+07		1.09E+07		0.17064				89.1251		9.53E+07		1.47E+07		0.1543						7.97E+01		1.28E+01		0.16247				89.1251		3.84E+07		6.13E+06		0.15954				89.1251		4.03E+07		6.48E+06		0.16082						1.70E+01		6.30E+00		0.16018

		100		8.588		1.73075		0.20164				100		1.60E+07		2.96E+06		0.18521				100		3.93E+07		7.10E+06		0.18051						2.77E+01		5.03E+00		0.18286				100		6.48E+07		1.10E+07		0.16914				100		9.64E+07		1.48E+07		0.15356						8.06E+01		1.29E+01		0.16135				100		3.88E+07		6.21E+06		0.16004				100		4.07E+07		6.59E+06		0.16188						1.71E+01		6.40E+00		0.16096
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						Method 		Sample Avg. (std. dev)

						Basis Weight (gsm)		100

						Fiber Diameter (μm)		4.2 (1.4)

						Thickness (mm)		0.47

						Air Permeability (cfm)		 22

						Modulus (psi) Machine/Transverse		58/13.2

						Break Stress (psi)		790

						Break Elongation (%)		330
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Fullerene

		Spray Coated Estane with Fullerene/Toluene on 9/27/2011

				Toluene

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3% (2)										3% Avg										5% (1)										5% (2)										5% Avg

				E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

				MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		20.6156666667		2.3872666667		0.1174233333				1		6.88E+07		9.82E+06		0.14278				1		5.32E+07		9.82E+06		0.18445						61.00		9.82		0.163615				1		1.11E+07		2.69E+06		0.24142				1		4.13E+07		9.35E+06		0.22669						2.63E+01		6.02E+00		0.234055				1		8.13E+06		1.90E+06		0.23368				1		2.39E+07		4.78E+06		0.19957						1.60E+01		3.34E+00		0.216625

		1.12202		20.8316666667		2.39		0.1161866667				1.12202		6.93E+07		9.83E+06		0.14179				1.12202		5.31E+07		9.66E+06		0.18196						61.20		9.74		0.161875				1.12202		1.14E+07		2.66E+06		0.2324				1.12202		4.11E+07		9.11E+06		0.22145						2.64E+01		5.88E+00		0.226925				1.12202		8.41E+06		1.85E+06		0.21958				1.12202		2.44E+07		4.67E+06		0.19164						1.64E+01		3.26E+00		0.20561

		1.25893		21.0366666667		2.4207333333		0.1163333333				1.25893		6.99E+07		9.83E+06		0.14075				1.25893		5.30E+07		9.51E+06		0.17947						61.43		9.67		0.16011				1.25893		1.16E+07		2.71E+06		0.23302				1.25893		4.11E+07		8.94E+06		0.21771						2.65E+01		5.82E+00		0.225365				1.25893		8.63E+06		1.84E+06		0.21326				1.25893		2.47E+07		4.63E+06		0.1871						1.67E+01		3.23E+00		0.20018

		1.41254		21.249		2.4363333333		0.1157833333				1.41254		7.03E+07		9.92E+06		0.14108				1.41254		5.31E+07		9.52E+06		0.17931						61.71		9.72		0.160195				1.41254		1.19E+07		2.70E+06		0.2272				1.41254		4.13E+07		8.81E+06		0.21351						2.67E+01		5.76E+00		0.220355				1.41254		8.82E+06		1.82E+06		0.20586				1.41254		2.51E+07		4.64E+06		0.18504						1.69E+01		3.23E+00		0.19545

		1.58489		21.4313333333		2.4633666667		0.1160433333				1.58489		7.09E+07		1.00E+07		0.14092				1.58489		5.33E+07		9.48E+06		0.178						62.10		9.74		0.15946				1.58489		1.21E+07		2.76E+06		0.22781				1.58489		4.15E+07		8.78E+06		0.21123						2.69E+01		5.77E+00		0.21952				1.58489		8.99E+06		1.82E+06		0.20288				1.58489		2.54E+07		4.65E+06		0.18284						1.72E+01		3.24E+00		0.19286

		1.77828		21.618		2.5031666667		0.11681				1.77828		7.15E+07		1.01E+07		0.14094				1.77828		5.35E+07		9.50E+06		0.17767						62.51		9.79		0.159305				1.77828		1.23E+07		2.75E+06		0.22318				1.77828		4.20E+07		8.79E+06		0.20951						2.73E+01		5.77E+00		0.216345				1.77828		9.18E+06		1.82E+06		0.19843				1.77828		2.58E+07		4.70E+06		0.18206						1.75E+01		3.26E+00		0.190245

		1.99526		21.8076666667		2.5335333333		0.1171866667				1.99526		7.21E+07		1.02E+07		0.14107				1.99526		5.38E+07		9.53E+06		0.17713						62.98		9.85		0.1591				1.99526		1.25E+07		2.78E+06		0.22186				1.99526		4.23E+07		8.75E+06		0.20695						2.75E+01		5.77E+00		0.214405				1.99526		9.32E+06		1.84E+06		0.19744				1.99526		2.61E+07		4.71E+06		0.18007						1.77E+01		3.27E+00		0.188755

		2.23872		22.0053333333		2.5729666667		0.1179166667				2.23872		7.27E+07		1.03E+07		0.14218				2.23872		5.41E+07		9.58E+06		0.17687						63.44		9.96		0.159525				2.23872		1.28E+07		2.81E+06		0.21996				2.23872		4.27E+07		8.84E+06		0.20693						2.79E+01		5.83E+00		0.213445				2.23872		9.50E+06		1.89E+06		0.19893				2.23872		2.65E+07		4.80E+06		0.18125						1.80E+01		3.34E+00		0.19009

		2.51189		22.2083333333		2.6216		0.1189733333				2.51189		7.34E+07		1.05E+07		0.14247				2.51189		5.45E+07		9.60E+06		0.1761						63.94		10.03		0.159285				2.51189		1.30E+07		2.86E+06		0.2208				2.51189		4.32E+07		8.90E+06		0.20609						2.82E+01		5.88E+00		0.213445				2.51189		9.64E+06		1.89E+06		0.19623				2.51189		2.68E+07		4.81E+06		0.17966						1.82E+01		3.35E+00		0.187945

		2.81838		22.425		2.6495		0.1189866667				2.81838		7.41E+07		1.06E+07		0.14366				2.81838		5.49E+07		9.72E+06		0.1771						64.49		10.18		0.16038				2.81838		1.32E+07		2.92E+06		0.22118				2.81838		4.36E+07		8.94E+06		0.20499						2.85E+01		5.93E+00		0.213085				2.81838		9.80E+06		1.90E+06		0.19438				2.81838		2.71E+07		4.93E+06		0.18172						1.85E+01		3.42E+00		0.18805

		3.16228		22.6246666667		2.6971333333		0.1200166667				3.16228		7.47E+07		1.08E+07		0.14427				3.16228		5.54E+07		9.83E+06		0.17746						65.04		10.30		0.160865				3.16228		1.34E+07		2.94E+06		0.22001				3.16228		4.41E+07		9.00E+06		0.20401						2.89E+01		5.97E+00		0.21201				3.16228		9.97E+06		1.91E+06		0.19133				3.16228		2.75E+07		4.95E+06		0.18035						1.87E+01		3.43E+00		0.18584

		3.54813		22.7713333333		2.7265666667		0.12051				3.54813		7.54E+07		1.09E+07		0.14425				3.54813		5.59E+07		9.87E+06		0.17672						65.61		10.37		0.160485				3.54813		1.36E+07		3.01E+06		0.22095				3.54813		4.46E+07		9.11E+06		0.20415						2.92E+01		6.06E+00		0.21255				3.54813		1.01E+07		1.96E+06		0.19369				3.54813		2.78E+07		5.03E+06		0.18077						1.90E+01		3.50E+00		0.18723

		3.98107		23.0096666667		2.7642		0.1207133333				3.98107		7.61E+07		1.11E+07		0.14523				3.98107		5.63E+07		1.00E+07		0.17771						66.23		10.53		0.16147				3.98107		1.38E+07		3.04E+06		0.21961				3.98107		4.52E+07		9.21E+06		0.20377						2.96E+01		6.12E+00		0.21169				3.98107		1.03E+07		1.99E+06		0.1939				3.98107		2.82E+07		5.09E+06		0.18094						1.92E+01		3.54E+00		0.18742

		4.46684		23.2176666667		2.8274666667		0.12248				4.46684		7.69E+07		1.12E+07		0.14576				4.46684		5.68E+07		1.01E+07		0.17767						66.84		10.65		0.161715				4.46684		1.40E+07		3.05E+06		0.2173				4.46684		4.58E+07		9.30E+06		0.20332						3.00E+01		6.18E+00		0.21031				4.46684		1.04E+07		2.00E+06		0.19207				4.46684		2.85E+07		5.14E+06		0.18009						1.95E+01		3.57E+00		0.18608

		5.01187		23.396		2.8715666667		0.12342				5.01187		7.76E+07		1.14E+07		0.14706				5.01187		5.73E+07		1.02E+07		0.17781						67.42		10.79		0.162435				5.01187		1.43E+07		3.09E+06		0.21667				5.01187		4.63E+07		9.40E+06		0.20302						3.04E+01		6.25E+00		0.209845				5.01187		1.06E+07		2.03E+06		0.1924				5.01187		2.88E+07		5.19E+06		0.17996						1.97E+01		3.61E+00		0.18618

		5.62341		23.6103333333		2.9254666667		0.1245766667				5.62341		7.83E+07		1.16E+07		0.1477				5.62341		5.78E+07		1.03E+07		0.17803						68.03		10.92		0.162865				5.62341		1.45E+07		3.15E+06		0.21687				5.62341		4.68E+07		9.49E+06		0.20264						3.08E+01		6.32E+00		0.209755				5.62341		1.07E+07		2.08E+06		0.19353				5.62341		2.92E+07		5.27E+06		0.18016						2.00E+01		3.67E+00		0.186845

		6.30957		23.8573333333		2.9706		0.1251				6.30957		7.90E+07		1.17E+07		0.14843				6.30957		5.83E+07		1.04E+07		0.17834						68.68		11.07		0.163385				6.30957		1.47E+07		3.20E+06		0.21707				6.30957		4.74E+07		9.62E+06		0.20287						3.12E+01		6.41E+00		0.20997				6.30957		1.09E+07		2.10E+06		0.19248				6.30957		2.96E+07		5.35E+06		0.18076						2.03E+01		3.73E+00		0.18662

		7.07946		24.0656666667		3.0342		0.12679				7.07946		7.98E+07		1.19E+07		0.14941				7.07946		5.89E+07		1.05E+07		0.17889						69.37		11.23		0.16415				7.07946		1.50E+07		3.27E+06		0.21843				7.07946		4.80E+07		9.75E+06		0.203						3.16E+01		6.51E+00		0.210715				7.07946		1.11E+07		2.14E+06		0.19355				7.07946		3.00E+07		5.43E+06		0.18102						2.05E+01		3.78E+00		0.187285

		7.94328		24.294		3.0859		0.1276066667				7.94328		8.06E+07		1.21E+07		0.15021				7.94328		5.95E+07		1.07E+07		0.17935						70.06		11.39		0.16478				7.94328		1.52E+07		3.32E+06		0.21793				7.94328		4.86E+07		9.87E+06		0.203						3.20E+01		6.59E+00		0.210465				7.94328		1.12E+07		2.17E+06		0.1938				7.94328		3.04E+07		5.48E+06		0.18029						2.08E+01		3.82E+00		0.187045

		8.91251		24.4973333333		3.1446		0.12894				8.91251		8.14E+07		1.23E+07		0.15122				8.91251		6.01E+07		1.08E+07		0.17988						70.76		11.56		0.16555				8.91251		1.55E+07		3.36E+06		0.2172				8.91251		4.92E+07		1.00E+07		0.20318						3.25E+01		6.68E+00		0.21019				8.91251		1.14E+07		2.20E+06		0.19322				8.91251		3.08E+07		5.59E+06		0.18193						2.11E+01		3.90E+00		0.187575

		10		24.725		3.1936666667		0.1297633333				10		8.22E+07		1.25E+07		0.15218				10		6.07E+07		1.09E+07		0.18005						71.44		11.72		0.166115				10		1.57E+07		3.41E+06		0.21692				10		4.99E+07		1.02E+07		0.2038						3.29E+01		6.79E+00		0.21036				10		1.16E+07		2.22E+06		0.19252				10		3.11E+07		5.66E+06		0.18199						2.13E+01		3.94E+00		0.187255

		11.2202		24.988		3.2553333333		0.1307666667				11.2202		8.31E+07		1.27E+07		0.1531				11.2202		6.13E+07		1.11E+07		0.18084						72.16		11.90		0.16697				11.2202		1.60E+07		3.46E+06		0.21714				11.2202		5.05E+07		1.03E+07		0.2041						3.34E+01		6.89E+00		0.21062				11.2202		1.17E+07		2.27E+06		0.19368				11.2202		3.15E+07		5.75E+06		0.18228						2.16E+01		4.01E+00		0.18798

		12.5893		25.1993333333		3.3138		0.1320466667				12.5893		8.39E+07		1.29E+07		0.1542				12.5893		6.19E+07		1.12E+07		0.18122						72.89		12.08		0.16771				12.5893		1.62E+07		3.51E+06		0.21629				12.5893		5.12E+07		1.05E+07		0.20497						3.38E+01		7.00E+00		0.21063				12.5893		1.19E+07		2.30E+06		0.19347				12.5893		3.19E+07		5.83E+06		0.18261						2.19E+01		4.06E+00		0.18804

		14.1254		25.4416666667		3.3735333333		0.13309				14.1254		8.48E+07		1.31E+07		0.15488				14.1254		6.25E+07		1.14E+07		0.18203						73.67		12.26		0.168455				14.1254		1.65E+07		3.58E+06		0.21705				14.1254		5.18E+07		1.06E+07		0.2047						3.43E+01		7.10E+00		0.210875				14.1254		1.21E+07		2.35E+06		0.19522				14.1254		3.24E+07		5.93E+06		0.18333						2.22E+01		4.14E+00		0.189275

		15.8489		25.6903333333		3.4342666667		0.13419				15.8489		8.57E+07		1.34E+07		0.15608				15.8489		6.32E+07		1.15E+07		0.18245						74.47		12.46		0.169265				15.8489		1.67E+07		3.64E+06		0.21748				15.8489		5.26E+07		1.08E+07		0.20516						3.48E+01		7.21E+00		0.21132				15.8489		1.22E+07		2.36E+06		0.19323				15.8489		3.27E+07		6.03E+06		0.18408						2.25E+01		4.20E+00		0.188655

		17.7828		25.9856666667		3.5212333333		0.13601				17.7828		8.66E+07		1.36E+07		0.15732				17.7828		6.39E+07		1.17E+07		0.18348						75.28		12.68		0.1704				17.7828		1.70E+07		3.72E+06		0.21891				17.7828		5.33E+07		1.10E+07		0.2059						3.53E+01		7.35E+00		0.212405				17.7828		1.24E+07		2.43E+06		0.19523				17.7828		3.32E+07		6.14E+06		0.18518						2.28E+01		4.28E+00		0.190205

		19.9526		26.2513333333		3.5876666667		0.1371266667				19.9526		8.73E+07		1.39E+07		0.15882				19.9526		6.46E+07		1.19E+07		0.18423						75.92		12.88		0.171525				19.9526		1.73E+07		3.78E+06		0.21842				19.9526		5.40E+07		1.11E+07		0.20606						3.58E+01		7.45E+00		0.21224				19.9526		1.26E+07		2.47E+06		0.19655				19.9526		3.36E+07		6.24E+06		0.18564						2.31E+01		4.36E+00		0.191095

		22.3872		26.484		3.6509		0.1382766667				22.3872		8.82E+07		1.41E+07		0.15987				22.3872		6.53E+07		1.21E+07		0.18486						76.72		13.08		0.172365				22.3872		1.76E+07		3.84E+06		0.21856				22.3872		5.47E+07		1.13E+07		0.20663						3.63E+01		7.57E+00		0.212595				22.3872		1.28E+07		2.52E+06		0.19741				22.3872		3.40E+07		6.34E+06		0.18614						2.34E+01		4.43E+00		0.191775

		25.1189		26.7506666667		3.7275		0.1397133333				25.1189		8.91E+07		1.44E+07		0.16122				25.1189		6.60E+07		1.23E+07		0.18582						77.54		13.31		0.17352				25.1189		1.79E+07		3.89E+06		0.21817				25.1189		5.55E+07		1.15E+07		0.20702						3.68E+01		7.69E+00		0.212595				25.1189		1.30E+07		2.55E+06		0.19646				25.1189		3.44E+07		6.43E+06		0.18702						2.37E+01		4.49E+00		0.19174

		28.1838		27.026		3.7883666667		0.1405233333				28.1838		9.01E+07		1.46E+07		0.16191				28.1838		6.68E+07		1.24E+07		0.18601						78.43		13.50		0.17396				28.1838		1.81E+07		3.96E+06		0.21839				28.1838		5.62E+07		1.16E+07		0.207						3.73E+01		7.80E+00		0.212695				28.1838		1.32E+07		2.60E+06		0.19791				28.1838		3.48E+07		6.55E+06		0.18829						2.40E+01		4.58E+00		0.1931

		31.6228		27.309		3.8684666667		0.1419266667				31.6228		9.11E+07		1.48E+07		0.16285				31.6228		6.75E+07		1.26E+07		0.18671						79.31		13.72		0.17478				31.6228		1.84E+07		4.04E+06		0.21945				31.6228		5.68E+07		1.18E+07		0.20844						3.78E+01		7.94E+00		0.213945				31.6228		1.33E+07		2.63E+06		0.19755				31.6228		3.53E+07		6.69E+06		0.18934						2.43E+01		4.66E+00		0.193445

		35.4813		27.594		3.9412666667		0.14314				35.4813		9.21E+07		1.51E+07		0.1638				35.4813		6.83E+07		1.28E+07		0.18744						80.23		13.95		0.17562				35.4813		1.87E+07		4.12E+06		0.21975				35.4813		5.75E+07		1.20E+07		0.20889						3.83E+01		8.07E+00		0.21432				35.4813		1.35E+07		2.69E+06		0.19862				35.4813		3.57E+07		6.77E+06		0.18938						2.46E+01		4.73E+00		0.194

		39.8107		27.887		4.0078666667		0.1439433333				39.8107		9.32E+07		1.53E+07		0.16469				39.8107		6.92E+07		1.30E+07		0.18815						81.18		14.18		0.17642				39.8107		1.90E+07		4.17E+06		0.21942				39.8107		5.83E+07		1.22E+07		0.20903						3.88E+01		8.18E+00		0.214225				39.8107		1.37E+07		2.72E+06		0.19849				39.8107		3.62E+07		6.88E+06		0.19003						2.50E+01		4.80E+00		0.19426

		44.6684		28.1876666667		4.0851333333		0.14507				44.6684		9.43E+07		1.56E+07		0.16569				44.6684		7.00E+07		1.32E+07		0.18831						82.12		14.40		0.177				44.6684		1.93E+07		4.26E+06		0.2205				44.6684		5.92E+07		1.24E+07		0.20972						3.94E+01		8.33E+00		0.21511				44.6684		1.39E+07		2.77E+06		0.19871				44.6684		3.67E+07		6.99E+06		0.19048						2.53E+01		4.88E+00		0.194595

		50.1187		28.5083333333		4.1692666667		0.1463966667				50.1187		9.54E+07		1.58E+07		0.16606				50.1187		7.08E+07		1.34E+07		0.18902						83.12		14.62		0.17754				50.1187		1.97E+07		4.31E+06		0.21922				50.1187		6.00E+07		1.26E+07		0.20988						4.00E+01		8.45E+00		0.21455				50.1187		1.41E+07		2.82E+06		0.19999				50.1187		3.72E+07		7.07E+06		0.19015						2.57E+01		4.95E+00		0.19507

		56.2341		28.828		4.223		0.1465366667				56.2341		9.65E+07		1.61E+07		0.16675				56.2341		7.14E+07		1.35E+07		0.18923						83.95		14.80		0.17799				56.2341		2.00E+07		4.37E+06		0.2189				56.2341		6.09E+07		1.28E+07		0.20948						4.06E+01		8.57E+00		0.21419				56.2341		1.43E+07		2.85E+06		0.19923				56.2341		3.77E+07		7.22E+06		0.19165						2.60E+01		5.04E+00		0.19544

		63.0957		29.166		4.2997		0.1474633333				63.0957		9.77E+07		1.64E+07		0.16736				63.0957		7.23E+07		1.37E+07		0.18987						84.98		15.04		0.178615				63.0957		2.03E+07		4.46E+06		0.21978				63.0957		6.18E+07		1.30E+07		0.20972						4.12E+01		8.71E+00		0.21475				63.0957		1.45E+07		2.90E+06		0.19935				63.0957		3.82E+07		7.28E+06		0.19054						2.64E+01		5.09E+00		0.194945

		70.7946		29.4843333333		4.3583333333		0.14743				70.7946		9.88E+07		1.66E+07		0.16816				70.7946		7.32E+07		1.39E+07		0.19027						86.01		15.27		0.179215				70.7946		2.06E+07		4.52E+06		0.21986				70.7946		6.27E+07		1.32E+07		0.2099						4.18E+01		8.84E+00		0.21488				70.7946		1.47E+07		2.93E+06		0.199				70.7946		3.87E+07		7.42E+06		0.19152						2.67E+01		5.17E+00		0.19526

		79.4328		29.8736666667		4.4559		0.1491033333				79.4328		1.00E+08		1.68E+07		0.16839				79.4328		7.41E+07		1.41E+07		0.19031						87.09		15.48		0.17935				79.4328		2.10E+07		4.60E+06		0.2194				79.4328		6.36E+07		1.33E+07		0.20971						4.25E+01		8.97E+00		0.214555				79.4328		1.49E+07		2.98E+06		0.19972				79.4328		3.93E+07		7.53E+06		0.19186						2.71E+01		5.26E+00		0.19579

		89.1251		30.259		4.501		0.14848				89.1251		1.01E+08		1.71E+07		0.16862				89.1251		7.51E+07		1.43E+07		0.19056						88.22		15.70		0.17959				89.1251		2.13E+07		4.62E+06		0.21728				89.1251		6.46E+07		1.35E+07		0.20932						4.31E+01		9.07E+00		0.2133				89.1251		1.51E+07		3.04E+06		0.20099				89.1251		3.98E+07		7.60E+06		0.19118						2.74E+01		5.32E+00		0.196085

		100		30.6376666667		4.5808		0.14917				100		1.03E+08		1.73E+07		0.16901				100		7.61E+07		1.44E+07		0.18993						89.30		15.89		0.17947				100		2.16E+07		4.69E+06		0.21731				100		6.56E+07		1.37E+07		0.20874						6.56E+01		9.19E+00		0.213025				100		1.54E+07		3.04E+06		0.19738				100		4.03E+07		7.76E+06		0.19233						2.79E+01		5.40E+00		0.194855





Fullerene

		



Control

1%

3%

5%

Ang. Freq. (rad/s)

E' (MPa)



POSS

		



Control

1%

3%

5%

Ang. Freq. (rad/s)

E" (MPa)



Na+

		



Control

1%

3%

5%

Ang. Freq. (rad/s)

Tan d



Sheet1

		

				Toluene

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3%(2)										3% Avg										5% (1)										5% (2)										5% Avg

				E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

				MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		20.6156666667		2.3872666667		0.1174233333				1		7.45E+06		1.96E+06		0.26245				1		5.42E+06		1.63E+06		0.29984						7.45		1.79		0.281145				1		6.65E+06		2.21E+06		0.33244				1		4.48E+06		1.20E+06		0.26734						6.00		1.70		0.29989				1		1.32E+07		3.83E+06		0.29122				1		1.12E+07		3.25E+06		0.29148						12.16		3.54		0.29135

		1.12202		20.8316666667		2.39		0.1161866667				1.12202		7.68E+06		1.95E+06		0.25425				1.12202		5.62E+06		1.61E+06		0.2869						7.68		1.78		0.270575				1.12202		6.87E+06		2.20E+06		0.32017				1.12202		4.63E+06		1.20E+06		0.2585						6.13		1.70		0.289335				1.12202		1.36E+07		3.73E+06		0.27465				1.12202		1.16E+07		3.19E+06		0.27535						12.60		3.46		0.275

		1.25893		21.0366666667		2.4207333333		0.1163333333				1.25893		7.87E+06		1.92E+06		0.24413				1.25893		5.75E+06		1.60E+06		0.27899						7.87		1.76		0.26156				1.25893		6.90E+06		2.10E+06		0.30437				1.25893		4.75E+06		1.16E+06		0.24529						6.26		1.63		0.27483				1.25893		1.39E+07		3.64E+06		0.26157				1.25893		1.18E+07		3.10E+06		0.26236						12.88		3.37		0.261965

		1.41254		21.249		2.4363333333		0.1157833333				1.41254		8.06E+06		1.94E+06		0.24077				1.41254		5.91E+06		1.59E+06		0.26882						8.06		1.76		0.254795				1.41254		7.12E+06		2.00E+06		0.28107				1.41254		4.86E+06		1.16E+06		0.23785						6.41		1.58		0.25946				1.41254		1.42E+07		3.66E+06		0.25734				1.41254		1.21E+07		3.09E+06		0.25545						13.16		3.38		0.256395

		1.58489		21.4313333333		2.4633666667		0.1160433333				1.58489		8.19E+06		1.96E+06		0.23907				1.58489		6.06E+06		1.57E+06		0.25944						8.19		1.76		0.249255				1.58489		7.24E+06		1.94E+06		0.26726				1.58489		4.96E+06		1.16E+06		0.23439						6.50		1.55		0.250825				1.58489		1.45E+07		3.63E+06		0.25026				1.58489		1.24E+07		3.09E+06		0.24982						13.43		3.36		0.25004

		1.77828		21.618		2.5031666667		0.11681				1.77828		8.34E+06		1.96E+06		0.23462				1.77828		6.16E+06		1.61E+06		0.26125						8.34		1.78		0.247935				1.77828		7.29E+06		1.89E+06		0.25909				1.77828		5.11E+06		1.14E+06		0.22309						6.61		1.51		0.24109				1.77828		1.48E+07		3.63E+06		0.2452				1.77828		1.26E+07		3.10E+06		0.24557						13.71		3.36		0.245385

		1.99526		21.8076666667		2.5335333333		0.1171866667				1.99526		8.50E+06		1.98E+06		0.23292				1.99526		6.33E+06		1.60E+06		0.25358						8.50		1.79		0.24325				1.99526		7.44E+06		1.90E+06		0.25564				1.99526		5.23E+06		1.15E+06		0.21986						6.74		1.53		0.23775				1.99526		1.51E+07		3.65E+06		0.24253				1.99526		1.29E+07		3.13E+06		0.24296						13.97		3.39		0.242745

		2.23872		22.0053333333		2.5729666667		0.1179166667				2.23872		8.64E+06		2.03E+06		0.23439				2.23872		6.42E+06		1.65E+06		0.25716						8.64		1.84		0.245775				2.23872		7.55E+06		1.91E+06		0.25257				2.23872		5.29E+06		1.19E+06		0.22424						6.84		1.55		0.238405				2.23872		1.53E+07		3.73E+06		0.24299				2.23872		1.31E+07		3.15E+06		0.23943						14.24		3.44		0.24121

		2.51189		22.2083333333		2.6216		0.1189733333				2.51189		8.78E+06		2.02E+06		0.23012				2.51189		6.56E+06		1.68E+06		0.25632						8.78		1.85		0.24322				2.51189		7.68E+06		1.86E+06		0.24237				2.51189		5.37E+06		1.19E+06		0.22197						6.96		1.53		0.23217				2.51189		1.56E+07		3.74E+06		0.23909				2.51189		1.34E+07		3.15E+06		0.2355						14.52		3.45		0.237295

		2.81838		22.425		2.6495		0.1189866667				2.81838		8.93E+06		2.09E+06		0.2342				2.81838		6.67E+06		1.70E+06		0.25425						8.93		1.89		0.244225				2.81838		7.82E+06		1.89E+06		0.24114				2.81838		5.47E+06		1.19E+06		0.21818						7.06		1.54		0.22966				2.81838		1.59E+07		3.75E+06		0.23643				2.81838		1.36E+07		3.19E+06		0.23445						14.74		3.47		0.23544

		3.16228		22.6246666667		2.6971333333		0.1200166667				3.16228		9.08E+06		2.10E+06		0.23169				3.16228		6.81E+06		1.71E+06		0.2505						9.08		1.91		0.241095				3.16228		7.90E+06		1.88E+06		0.23843				3.16228		5.57E+06		1.18E+06		0.21214						7.16		1.53		0.225285				3.16228		1.62E+07		3.81E+06		0.23581				3.16228		1.38E+07		3.22E+06		0.23277						14.99		3.51		0.23429

		3.54813		22.7713333333		2.7265666667		0.12051				3.54813		9.25E+06		2.11E+06		0.22756				3.54813		6.93E+06		1.77E+06		0.25533						9.25		1.94		0.241445				3.54813		8.02E+06		1.90E+06		0.2363				3.54813		5.65E+06		1.27E+06		0.22449						7.26		1.58		0.230395				3.54813		1.64E+07		3.87E+06		0.23591				3.54813		1.41E+07		3.28E+06		0.23267						15.25		3.58		0.23429

		3.98107		23.0096666667		2.7642		0.1207133333				3.98107		9.39E+06		2.12E+06		0.22598				3.98107		7.06E+06		1.77E+06		0.25073						9.39		1.95		0.238355				3.98107		8.11E+06		1.91E+06		0.2353				3.98107		5.71E+06		1.27E+06		0.22205						7.36		1.59		0.228675				3.98107		1.67E+07		3.90E+06		0.23409				3.98107		1.43E+07		3.33E+06		0.23309						15.48		3.62		0.23359

		4.46684		23.2176666667		2.8274666667		0.12248				4.46684		9.55E+06		2.17E+06		0.22762				4.46684		7.20E+06		1.80E+06		0.24963						9.55		1.99		0.238625				4.46684		8.24E+06		1.91E+06		0.23166				4.46684		5.80E+06		1.26E+06		0.21768						7.46		1.59		0.22467				4.46684		1.70E+07		3.97E+06		0.23387				4.46684		1.46E+07		3.39E+06		0.23269						15.76		3.68		0.23328

		5.01187		23.396		2.8715666667		0.12342				5.01187		9.70E+06		2.23E+06		0.22971				5.01187		7.37E+06		1.81E+06		0.24618						9.70		2.02		0.237945				5.01187		8.35E+06		1.93E+06		0.2315				5.01187		5.92E+06		1.28E+06		0.21602						7.58		1.61		0.22376				5.01187		1.72E+07		4.00E+06		0.23232				5.01187		1.48E+07		3.41E+06		0.23059						15.99		3.70		0.231455

		5.62341		23.6103333333		2.9254666667		0.1245766667				5.62341		9.87E+06		2.25E+06		0.22812				5.62341		7.48E+06		1.84E+06		0.24639						9.87		2.05		0.237255				5.62341		8.48E+06		1.96E+06		0.23064				5.62341		5.99E+06		1.29E+06		0.21527						7.68		1.62		0.222955				5.62341		1.75E+07		4.04E+06		0.23118				5.62341		1.50E+07		3.46E+06		0.23004						16.26		3.75		0.23061

		6.30957		23.8573333333		2.9706		0.1251				6.30957		1.00E+07		2.27E+06		0.2258				6.30957		7.63E+06		1.88E+06		0.24635						10.04		2.07		0.236075				6.30957		8.57E+06		1.97E+06		0.23027				6.30957		6.09E+06		1.31E+06		0.21453						7.79		1.64		0.2224				6.30957		1.78E+07		4.12E+06		0.23214				6.30957		1.52E+07		3.50E+06		0.22981						16.50		3.81		0.230975

		7.07946		24.0656666667		3.0342		0.12679				7.07946		1.02E+07		2.30E+06		0.22622				7.07946		7.75E+06		1.92E+06		0.24745						10.17		2.11		0.236835				7.07946		8.70E+06		1.97E+06		0.22642				7.07946		6.19E+06		1.35E+06		0.21799						7.90		1.66		0.222205				7.07946		1.81E+07		4.18E+06		0.23167				7.07946		1.55E+07		3.53E+06		0.22808						16.78		3.86		0.229875

		7.94328		24.294		3.0859		0.1276066667				7.94328		1.03E+07		2.37E+06		0.22884				7.94328		7.92E+06		1.93E+06		0.24425						10.35		2.15		0.236545				7.94328		8.82E+06		2.00E+06		0.22668				7.94328		6.27E+06		1.36E+06		0.21778						8.00		1.68		0.22223				7.94328		1.83E+07		4.25E+06		0.23165				7.94328		1.57E+07		3.62E+06		0.22981						17.04		3.93		0.23073

		8.91251		24.4973333333		3.1446		0.12894				8.91251		1.05E+07		2.39E+06		0.22744				8.91251		8.05E+06		1.99E+06		0.24688						10.51		2.19		0.23716				8.91251		8.91E+06		2.04E+06		0.22859				8.91251		6.37E+06		1.41E+06		0.22111						8.11		1.72		0.22485				8.91251		1.86E+07		4.30E+06		0.23104				8.91251		1.60E+07		3.67E+06		0.22947						17.31		3.99		0.230255

		10		24.725		3.1936666667		0.1297633333				10		1.07E+07		2.42E+06		0.22687				10		8.19E+06		2.01E+06		0.2453						10.69		2.22		0.236085				10		9.04E+06		2.06E+06		0.22822				10		6.48E+06		1.41E+06		0.21774						8.22		1.74		0.22298				10		1.89E+07		4.38E+06		0.23105				10		1.63E+07		3.73E+06		0.2294						17.60		4.05		0.230225

		11.2202		24.988		3.2553333333		0.1307666667				11.2202		1.09E+07		2.48E+06		0.22841				11.2202		8.33E+06		2.05E+06		0.24673						10.86		2.27		0.23757				11.2202		9.15E+06		2.08E+06		0.22732				11.2202		6.57E+06		1.43E+06		0.2182						8.33		1.76		0.22276				11.2202		1.92E+07		4.44E+06		0.23083				11.2202		1.65E+07		3.79E+06		0.22924						17.87		4.11		0.230035

		12.5893		25.1993333333		3.3138		0.1320466667				12.5893		1.10E+07		2.50E+06		0.22688				12.5893		8.47E+06		2.09E+06		0.24663						11.03		2.30		0.236755				12.5893		9.25E+06		2.10E+06		0.22698				12.5893		6.67E+06		1.45E+06		0.21684						8.42		1.77		0.22191				12.5893		1.95E+07		4.53E+06		0.23196				12.5893		1.68E+07		3.85E+06		0.22968						18.15		4.19		0.23082

		14.1254		25.4416666667		3.3735333333		0.13309				14.1254		1.12E+07		2.57E+06		0.22924				14.1254		8.63E+06		2.12E+06		0.24521						11.21		2.34		0.237225				14.1254		9.33E+06		2.16E+06		0.23093				14.1254		6.78E+06		1.48E+06		0.21816						8.52		1.82		0.224545				14.1254		1.98E+07		4.58E+06		0.23098				14.1254		1.71E+07		3.90E+06		0.22891						18.45		4.24		0.229945

		15.8489		25.6903333333		3.4342666667		0.13419				15.8489		1.14E+07		2.61E+06		0.22968				15.8489		8.78E+06		2.16E+06		0.24623						11.38		2.39		0.237955				15.8489		9.44E+06		2.17E+06		0.22999				15.8489		6.88E+06		1.51E+06		0.21966						8.63		1.84		0.224825				15.8489		2.02E+07		4.67E+06		0.23152				15.8489		1.73E+07		3.98E+06		0.22981						18.75		4.33		0.230665

		17.7828		25.9856666667		3.5212333333		0.13601				17.7828		1.16E+07		2.67E+06		0.23104				17.7828		8.93E+06		2.21E+06		0.24709						11.57		2.44		0.239065				17.7828		9.57E+06		2.22E+06		0.23193				17.7828		7.00E+06		1.55E+06		0.22168						8.75		1.89		0.226805				17.7828		2.05E+07		4.76E+06		0.23232				17.7828		1.76E+07		4.07E+06		0.23124						19.05		4.42		0.23178

		19.9526		26.2513333333		3.5876666667		0.1371266667				19.9526		1.18E+07		2.72E+06		0.23134				19.9526		9.09E+06		2.25E+06		0.2474						11.77		2.49		0.23937				19.9526		9.70E+06		2.24E+06		0.23092				19.9526		7.12E+06		1.57E+06		0.22101						8.87		1.91		0.225965				19.9526		2.08E+07		4.85E+06		0.2328				19.9526		1.79E+07		4.13E+06		0.23077						19.37		4.49		0.231785

		22.3872		26.484		3.6509		0.1382766667				22.3872		1.20E+07		2.78E+06		0.23239				22.3872		9.25E+06		2.29E+06		0.24757						11.97		2.54		0.23998				22.3872		9.80E+06		2.28E+06		0.23221				22.3872		7.23E+06		1.60E+06		0.22174						8.98		1.94		0.226975				22.3872		2.11E+07		4.93E+06		0.23313				22.3872		1.82E+07		4.21E+06		0.23161						19.66		4.57		0.23237

		25.1189		26.7506666667		3.7275		0.1397133333				25.1189		1.21E+07		2.82E+06		0.23207				25.1189		9.41E+06		2.34E+06		0.24864						12.15		2.58		0.240355				25.1189		9.90E+06		2.31E+06		0.23299				25.1189		7.34E+06		1.63E+06		0.22271						9.09		1.97		0.22785				25.1189		2.15E+07		5.02E+06		0.23359				25.1189		1.85E+07		4.27E+06		0.23149						19.97		4.65		0.23254

		28.1838		27.026		3.7883666667		0.1405233333				28.1838		1.23E+07		2.86E+06		0.23136				28.1838		9.59E+06		2.37E+06		0.24741						12.34		2.61		0.239385				28.1838		1.00E+07		2.34E+06		0.23261				28.1838		7.44E+06		1.66E+06		0.22245						9.22		2.00		0.22753				28.1838		2.18E+07		5.11E+06		0.23479				28.1838		1.88E+07		4.34E+06		0.23137						20.26		4.72		0.23308

		31.6228		27.309		3.8684666667		0.1419266667				31.6228		1.25E+07		2.89E+06		0.23127				31.6228		9.74E+06		2.41E+06		0.24714						12.52		2.65		0.239205				31.6228		1.02E+07		2.37E+06		0.23256				31.6228		7.57E+06		1.70E+06		0.2244						9.36		2.03		0.22848				31.6228		2.21E+07		5.20E+06		0.23542				31.6228		1.91E+07		4.38E+06		0.22952						20.60		4.79		0.23247

		35.4813		27.594		3.9412666667		0.14314				35.4813		1.27E+07		2.98E+06		0.23353				35.4813		9.92E+06		2.45E+06		0.24732						12.74		2.71		0.240425				35.4813		1.03E+07		2.41E+06		0.23315				35.4813		7.68E+06		1.72E+06		0.22358						9.49		2.06		0.228365				35.4813		2.24E+07		5.30E+06		0.23591				35.4813		1.94E+07		4.52E+06		0.23317						20.91		4.91		0.23454

		39.8107		27.887		4.0078666667		0.1439433333				39.8107		1.30E+07		3.04E+06		0.23463				39.8107		1.01E+07		2.51E+06		0.24848						12.97		2.78		0.241555				39.8107		1.05E+07		2.45E+06		0.23376				39.8107		7.82E+06		1.72E+06		0.22041						9.63		2.09		0.227085				39.8107		2.28E+07		5.39E+06		0.23625				39.8107		1.97E+07		4.59E+06		0.23315						21.26		4.99		0.2347

		44.6684		28.1876666667		4.0851333333		0.14507				44.6684		1.32E+07		3.07E+06		0.2333				44.6684		1.03E+07		2.56E+06		0.24872						13.17		2.81		0.24101				44.6684		1.06E+07		2.48E+06		0.23392				44.6684		7.92E+06		1.78E+06		0.22513						9.75		2.13		0.229525				44.6684		2.32E+07		5.49E+06		0.23667				44.6684		2.00E+07		4.67E+06		0.23366						21.60		5.08		0.235165

		50.1187		28.5083333333		4.1692666667		0.1463966667				50.1187		1.34E+07		3.16E+06		0.23597				50.1187		1.05E+07		2.60E+06		0.24864						13.38		2.88		0.242305				50.1187		1.07E+07		2.54E+06		0.23701				50.1187		8.03E+06		1.82E+06		0.22657						9.89		2.18		0.23179				50.1187		2.35E+07		5.57E+06		0.23659				50.1187		2.03E+07		4.75E+06		0.23387						21.94		5.16		0.23523

		56.2341		28.828		4.223		0.1465366667				56.2341		1.36E+07		3.21E+06		0.23596				56.2341		1.06E+07		2.64E+06		0.24815						13.60		2.92		0.242055				56.2341		1.09E+07		2.57E+06		0.23549				56.2341		8.17E+06		1.84E+06		0.22573						10.03		2.21		0.23061				56.2341		2.40E+07		5.68E+06		0.23713				56.2341		2.06E+07		4.85E+06		0.23505						22.30		5.27		0.23609

		63.0957		29.166		4.2997		0.1474633333				63.0957		1.38E+07		3.25E+06		0.23515				63.0957		1.08E+07		2.70E+06		0.24993						13.82		2.97		0.24254				63.0957		1.10E+07		2.61E+06		0.23639				63.0957		8.29E+06		1.91E+06		0.23077						10.17		2.26		0.23358				63.0957		2.43E+07		5.79E+06		0.2381				63.0957		2.10E+07		4.92E+06		0.23432						22.66		5.36		0.23621

		70.7946		29.4843333333		4.3583333333		0.14743				70.7946		1.40E+07		3.32E+06		0.23631				70.7946		1.10E+07		2.74E+06		0.24976						14.03		3.03		0.243035				70.7946		1.12E+07		2.64E+06		0.23616				70.7946		8.42E+06		1.90E+06		0.22578						10.33		2.27		0.23097				70.7946		2.47E+07		5.88E+06		0.23782				70.7946		2.14E+07		4.99E+06		0.23351						23.05		5.44		0.235665

		79.4328		29.8736666667		4.4559		0.1491033333				79.4328		1.42E+07		3.38E+06		0.23764				79.4328		1.12E+07		2.81E+06		0.25161						14.21		3.09		0.244625				79.4328		1.14E+07		2.67E+06		0.23474				79.4328		8.51E+06		1.93E+06		0.22651						10.46		2.30		0.230625				79.4328		2.52E+07		5.99E+06		0.23822				79.4328		2.17E+07		5.10E+06		0.23557						23.41		5.55		0.236895

		89.1251		30.259		4.501		0.14848				89.1251		1.45E+07		3.43E+06		0.23692				89.1251		1.14E+07		2.85E+06		0.25078						14.47		3.14		0.24385				89.1251		1.15E+07		2.69E+06		0.23444				89.1251		8.66E+06		1.96E+06		0.22628						10.61		2.33		0.23036				89.1251		2.56E+07		6.07E+06		0.2375				89.1251		2.20E+07		5.14E+06		0.23327						23.80		5.60		0.235385

		100		30.6376666667		4.5808		0.14917				100		1.47E+07		3.43E+06		0.23391				100		1.15E+07		2.84E+06		0.24694						14.68		3.14		0.240425				100		1.17E+07		2.78E+06		0.23815				100		8.74E+06		1.98E+06		0.22616						10.20		2.38		0.232155				100		2.59E+07		6.15E+06		0.23714				100		2.24E+07		5.21E+06		0.23263						24.18		5.68		0.234885
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		Spray coated Estane with Na+/Pentanol on 9/27/2011

				Pentanol

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3% (2)										3% Avg										5% (1)										5% (2)										5% Avg

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		5.47475		1.0861		0.19839				1		1.09E+07		2.06E+06		0.18839				1		2.60E+07		4.27E+06		0.16401						1.85E+01		3.16E+00		0.1762				1		4.12E+07		6.42E+06		0.15593				1		6.41E+07		8.41E+06		0.13118						5.26E+01		7.42E+00		0.143555				1		2.59E+07		3.47E+06		0.1338				1		2.68E+07		3.65E+06		0.13604						1.12E+01		3.56E+00		0.13492

		1.12202		5.567		1.0621		0.190795				1.12202		1.11E+07		1.97E+06		0.17789				1.12202		2.62E+07		4.21E+06		0.16035						1.87E+01		3.09E+00		0.16912				1.12202		4.20E+07		6.35E+06		0.15144				1.12202		6.49E+07		8.38E+06		0.12903						5.34E+01		7.37E+00		0.140235				1.12202		2.62E+07		3.45E+06		0.13138				1.12202		2.72E+07		3.64E+06		0.13395						1.14E+01		3.54E+00		0.132665

		1.25893		5.62345		1.05005		0.186735				1.25893		1.12E+07		1.95E+06		0.17326				1.25893		2.64E+07		4.19E+06		0.1586						1.88E+01		3.07E+00		0.16593				1.25893		4.26E+07		6.38E+06		0.14982				1.25893		6.58E+07		8.47E+06		0.12872						5.42E+01		7.43E+00		0.13927				1.25893		2.65E+07		3.48E+06		0.13113				1.25893		2.75E+07		3.67E+06		0.13334						1.15E+01		3.58E+00		0.132235

		1.41254		5.679		1.0418		0.18345				1.41254		1.13E+07		1.91E+06		0.16818				1.41254		2.67E+07		4.17E+06		0.15641						1.90E+01		3.04E+00		0.162295				1.41254		4.32E+07		6.46E+06		0.1495				1.41254		6.66E+07		8.55E+06		0.12831						5.49E+01		7.50E+00		0.138905				1.41254		2.68E+07		3.45E+06		0.12894				1.41254		2.78E+07		3.69E+06		0.13242						1.16E+01		3.57E+00		0.13068

		1.58489		5.7328		1.0393		0.181295				1.58489		1.14E+07		1.92E+06		0.16875				1.58489		2.69E+07		4.18E+06		0.15557						1.92E+01		3.05E+00		0.16216				1.58489		4.38E+07		6.45E+06		0.14736				1.58489		6.73E+07		8.62E+06		0.12806						5.55E+01		7.54E+00		0.13771				1.58489		2.71E+07		3.52E+06		0.13005				1.58489		2.81E+07		3.70E+06		0.1315						1.17E+01		3.61E+00		0.130775

		1.77828		5.79145		1.04985		0.18128				1.77828		1.15E+07		1.90E+06		0.16557				1.77828		2.71E+07		4.20E+06		0.155						1.93E+01		3.05E+00		0.160285				1.77828		4.43E+07		6.51E+06		0.14686				1.77828		6.80E+07		8.72E+06		0.12817						5.62E+01		7.61E+00		0.137515				1.77828		2.73E+07		3.57E+06		0.13047				1.77828		2.84E+07		3.74E+06		0.13173						1.19E+01		3.65E+00		0.1311

		1.99526		5.84595		1.05145		0.179855				1.99526		1.16E+07		1.92E+06		0.16526				1.99526		2.74E+07		4.21E+06		0.15377						1.95E+01		3.06E+00		0.159515				1.99526		4.48E+07		6.59E+06		0.14718				1.99526		6.87E+07		8.75E+06		0.12746						5.67E+01		7.67E+00		0.13732				1.99526		2.76E+07		3.61E+06		0.13098				1.99526		2.87E+07		3.82E+06		0.13298						1.20E+01		3.71E+00		0.13198

		2.23872		5.9055		1.0687		0.180975				2.23872		1.17E+07		1.96E+06		0.16802				2.23872		2.76E+07		4.28E+06		0.15513						1.96E+01		3.12E+00		0.161575				2.23872		4.53E+07		6.72E+06		0.14814				2.23872		6.94E+07		8.99E+06		0.12963						5.74E+01		7.86E+00		0.138885				2.23872		2.78E+07		3.65E+06		0.1313				2.23872		2.90E+07		3.89E+06		0.13419						1.21E+01		3.77E+00		0.132745

		2.51189		5.95365		1.0683		0.179445				2.51189		1.18E+07		1.98E+06		0.16843				2.51189		2.79E+07		4.34E+06		0.15577						1.98E+01		3.16E+00		0.1621				2.51189		4.59E+07		6.79E+06		0.14805				2.51189		7.01E+07		9.13E+06		0.13027						5.80E+01		7.96E+00		0.13916				2.51189		2.81E+07		3.72E+06		0.13271				2.51189		2.92E+07		3.93E+06		0.13455						1.22E+01		3.83E+00		0.13363

		2.81838		6.01325		1.07735		0.17917				2.81838		1.19E+07		1.98E+06		0.16641				2.81838		2.81E+07		4.39E+06		0.15639						2.00E+01		3.19E+00		0.1614				2.81838		4.63E+07		6.89E+06		0.14885				2.81838		7.07E+07		9.16E+06		0.12956						5.85E+01		8.03E+00		0.139205				2.81838		2.83E+07		3.78E+06		0.13346				2.81838		2.95E+07		3.97E+06		0.13437						1.23E+01		3.88E+00		0.133915

		3.16228		6.07575		1.0755		0.177005				3.16228		1.20E+07		2.01E+06		0.16769				3.16228		2.83E+07		4.47E+06		0.15784						2.02E+01		3.24E+00		0.162765				3.16228		4.68E+07		6.98E+06		0.14899				3.16228		7.14E+07		9.34E+06		0.13079						5.91E+01		8.16E+00		0.13989				3.16228		2.86E+07		3.80E+06		0.13296				3.16228		2.99E+07		4.02E+06		0.13476						1.25E+01		3.91E+00		0.13386

		3.54813		6.13995		1.0962		0.17856				3.54813		1.21E+07		2.02E+06		0.16698				3.54813		2.86E+07		4.48E+06		0.1565						2.04E+01		3.25E+00		0.16174				3.54813		4.74E+07		7.08E+06		0.14946				3.54813		7.21E+07		9.44E+06		0.13101						5.97E+01		8.26E+00		0.140235				3.54813		2.88E+07		3.85E+06		0.13335				3.54813		3.01E+07		4.11E+06		0.13664						1.25E+01		3.98E+00		0.134995

		3.98107		6.2035		1.1136		0.17954				3.98107		1.22E+07		2.05E+06		0.16768				3.98107		2.89E+07		4.54E+06		0.15709						2.06E+01		3.30E+00		0.162385				3.98107		4.78E+07		7.22E+06		0.15084				3.98107		7.27E+07		9.56E+06		0.13139						6.03E+01		8.39E+00		0.141115				3.98107		2.91E+07		3.95E+06		0.13543				3.98107		3.04E+07		4.15E+06		0.1365						1.27E+01		4.05E+00		0.135965

		4.46684		6.25795		1.12175		0.17928				4.46684		1.23E+07		2.08E+06		0.1686				4.46684		2.92E+07		4.62E+06		0.15846						2.07E+01		3.35E+00		0.16353				4.46684		4.84E+07		7.29E+06		0.1506				4.46684		7.35E+07		9.76E+06		0.13283						6.09E+01		8.52E+00		0.141715				4.46684		2.94E+07		3.99E+06		0.13594				4.46684		3.07E+07		4.22E+06		0.13761						1.28E+01		4.11E+00		0.136775

		5.01187		6.3275		1.1415		0.180395				5.01187		1.24E+07		2.12E+06		0.1702				5.01187		2.94E+07		4.68E+06		0.15902						2.09E+01		3.40E+00		0.16461				5.01187		4.89E+07		7.37E+06		0.15084				5.01187		7.42E+07		9.88E+06		0.13314						6.15E+01		8.63E+00		0.14199				5.01187		2.97E+07		4.06E+06		0.13677				5.01187		3.10E+07		4.30E+06		0.13851						1.30E+01		4.18E+00		0.13764

		5.62341		6.39265		1.1499		0.179895				5.62341		1.25E+07		2.14E+06		0.17113				5.62341		2.97E+07		4.75E+06		0.15991						2.11E+01		3.45E+00		0.16552				5.62341		4.94E+07		7.50E+06		0.15182				5.62341		7.50E+07		1.00E+07		0.13399						6.22E+01		8.77E+00		0.142905				5.62341		3.00E+07		4.12E+06		0.13755				5.62341		3.13E+07		4.35E+06		0.13876						1.31E+01		4.23E+00		0.138155

		6.30957		6.46365		1.1633		0.18				6.30957		1.26E+07		2.16E+06		0.17109				6.30957		3.00E+07		4.81E+06		0.16017						2.13E+01		3.48E+00		0.16563				6.30957		4.99E+07		7.61E+06		0.15246				6.30957		7.57E+07		1.02E+07		0.13501						6.28E+01		8.91E+00		0.143735				6.30957		3.02E+07		4.20E+06		0.13907				6.30957		3.16E+07		4.46E+06		0.14108						1.32E+01		4.33E+00		0.140075

		7.07946		6.53035		1.18165		0.18095				7.07946		1.27E+07		2.16E+06		0.17015				7.07946		3.03E+07		4.90E+06		0.16172						2.15E+01		3.53E+00		0.165935				7.07946		5.04E+07		7.73E+06		0.15331				7.07946		7.64E+07		1.03E+07		0.13546						6.34E+01		9.04E+00		0.144385				7.07946		3.05E+07		4.25E+06		0.13931				7.07946		3.19E+07		4.50E+06		0.141						1.33E+01		4.38E+00		0.140155

		7.94328		6.6021		1.20085		0.18191				7.94328		1.28E+07		2.22E+06		0.1729				7.94328		3.06E+07		4.96E+06		0.16213						2.17E+01		3.59E+00		0.167515				7.94328		5.10E+07		7.85E+06		0.15402				7.94328		7.71E+07		1.05E+07		0.13669						6.41E+01		9.20E+00		0.145355				7.94328		3.08E+07		4.33E+06		0.14036				7.94328		3.22E+07		4.56E+06		0.14152						1.35E+01		4.44E+00		0.14094

		8.91251		6.6848		1.22335		0.18301				8.91251		1.30E+07		2.23E+06		0.17201				8.91251		3.10E+07		5.03E+06		0.16239						2.20E+01		3.63E+00		0.1672				8.91251		5.15E+07		7.97E+06		0.15459				8.91251		7.79E+07		1.07E+07		0.13722						6.47E+01		9.33E+00		0.145905				8.91251		3.11E+07		4.39E+06		0.14097				8.91251		3.26E+07		4.66E+06		0.14308						1.36E+01		4.52E+00		0.142025

		10		6.7622		1.22935		0.18183				10		1.31E+07		2.25E+06		0.17219				10		3.13E+07		5.15E+06		0.16455						2.22E+01		3.70E+00		0.16837				10		5.21E+07		8.09E+06		0.15532				10		7.86E+07		1.09E+07		0.13815						6.54E+01		9.48E+00		0.146735				10		3.14E+07		4.46E+06		0.14201				10		3.29E+07		4.73E+06		0.14379						1.38E+01		4.60E+00		0.1429

		11.2202		6.8377		1.25225		0.183155				11.2202		1.32E+07		2.29E+06		0.17341				11.2202		3.16E+07		5.22E+06		0.16524						2.24E+01		3.76E+00		0.169325				11.2202		5.26E+07		8.21E+06		0.15602				11.2202		7.94E+07		1.10E+07		0.13912						6.60E+01		9.63E+00		0.14757				11.2202		3.17E+07		4.57E+06		0.14392				11.2202		3.32E+07		4.83E+06		0.14537						1.39E+01		4.70E+00		0.144645

		12.5893		6.91535		1.27015		0.18365				12.5893		1.33E+07		2.31E+06		0.17336				12.5893		3.19E+07		5.31E+06		0.16628						2.26E+01		3.81E+00		0.16982				12.5893		5.29E+07		8.34E+06		0.15766				12.5893		8.02E+07		1.12E+07		0.13989						6.65E+01		9.78E+00		0.148775				12.5893		3.21E+07		4.63E+06		0.14432				12.5893		3.36E+07		4.89E+06		0.14569						1.41E+01		4.76E+00		0.145005

		14.1254		6.9988		1.29275		0.18472				14.1254		1.35E+07		2.35E+06		0.17461				14.1254		3.23E+07		5.40E+06		0.16719						2.29E+01		3.87E+00		0.1709				14.1254		5.34E+07		8.49E+06		0.15885				14.1254		8.06E+07		1.14E+07		0.14131						6.70E+01		9.94E+00		0.15008				14.1254		3.24E+07		4.70E+06		0.14491				14.1254		3.39E+07		4.99E+06		0.14709						1.42E+01		4.84E+00		0.146

		15.8489		7.08205		1.31015		0.184965				15.8489		1.36E+07		2.39E+06		0.17552				15.8489		3.26E+07		5.48E+06		0.16783						2.31E+01		3.93E+00		0.171675				15.8489		5.40E+07		8.63E+06		0.15986				15.8489		8.14E+07		1.16E+07		0.14232						6.77E+01		1.01E+01		0.15109				15.8489		3.27E+07		4.80E+06		0.14658				15.8489		3.43E+07		5.08E+06		0.14823						1.44E+01		4.94E+00		0.147405

		17.7828		7.16445		1.34025		0.187095				17.7828		1.37E+07		2.44E+06		0.17746				17.7828		3.30E+07		5.59E+06		0.16949						2.34E+01		4.01E+00		0.173475				17.7828		5.45E+07		8.79E+06		0.16113				17.7828		8.22E+07		1.18E+07		0.1438						6.84E+01		1.03E+01		0.152465				17.7828		3.31E+07		4.90E+06		0.14819				17.7828		3.46E+07		5.19E+06		0.14982						1.45E+01		5.04E+00		0.149005

		19.9526		7.25125		1.36435		0.188145				19.9526		1.39E+07		2.46E+06		0.17762				19.9526		3.34E+07		5.68E+06		0.17034						2.36E+01		4.07E+00		0.17398				19.9526		5.51E+07		8.94E+06		0.16209				19.9526		8.30E+07		1.20E+07		0.14471						6.91E+01		1.05E+01		0.1534				19.9526		3.34E+07		4.97E+06		0.14875				19.9526		3.50E+07		5.28E+06		0.15098						1.47E+01		5.13E+00		0.149865

		22.3872		7.33975		1.3804		0.188075				22.3872		1.40E+07		2.50E+06		0.17831				22.3872		3.37E+07		5.78E+06		0.17128						2.39E+01		4.14E+00		0.174795				22.3872		5.58E+07		9.10E+06		0.16317				22.3872		8.39E+07		1.22E+07		0.14576						6.98E+01		1.07E+01		0.154465				22.3872		3.37E+07		5.06E+06		0.15012				22.3872		3.54E+07		5.36E+06		0.15145						1.48E+01		5.21E+00		0.150785

		25.1189		7.4319		1.41495		0.190385				25.1189		1.42E+07		2.54E+06		0.17914				25.1189		3.41E+07		5.89E+06		0.17272						2.41E+01		4.21E+00		0.17593				25.1189		5.64E+07		9.24E+06		0.16394				25.1189		8.47E+07		1.24E+07		0.14674						7.06E+01		1.08E+01		0.15534				25.1189		3.41E+07		5.14E+06		0.15069				25.1189		3.57E+07		5.46E+06		0.15279						1.50E+01		5.30E+00		0.15174

		28.1838		7.5207		1.43445		0.190715				28.1838		1.43E+07		2.57E+06		0.18012				28.1838		3.45E+07		5.97E+06		0.17324						2.44E+01		4.27E+00		0.17668				28.1838		5.70E+07		9.39E+06		0.16468				28.1838		8.56E+07		1.26E+07		0.14749						7.13E+01		1.10E+01		0.156085				28.1838		3.45E+07		5.23E+06		0.15181				28.1838		3.61E+07		5.55E+06		0.15362						1.52E+01		5.39E+00		0.152715

		31.6228		7.60995		1.45425		0.19109				31.6228		1.44E+07		2.61E+06		0.18072				31.6228		3.49E+07		6.09E+06		0.17474						2.46E+01		4.35E+00		0.17773				31.6228		5.76E+07		9.52E+06		0.16511				31.6228		8.65E+07		1.29E+07		0.1486						7.21E+01		1.12E+01		0.156855				31.6228		3.49E+07		5.36E+06		0.15379				31.6228		3.65E+07		5.65E+06		0.15489						1.53E+01		5.51E+00		0.15434

		35.4813		7.70855		1.4907		0.19338				35.4813		1.46E+07		2.65E+06		0.18177				35.4813		3.53E+07		6.19E+06		0.17544						2.49E+01		4.42E+00		0.178605				35.4813		5.83E+07		9.71E+06		0.16642				35.4813		8.74E+07		1.31E+07		0.14941						7.29E+01		1.14E+01		0.157915				35.4813		3.52E+07		5.42E+06		0.15385				35.4813		3.69E+07		5.74E+06		0.15553						1.55E+01		5.58E+00		0.15469

		39.8107		7.80965		1.5103		0.193345				39.8107		1.47E+07		2.69E+06		0.18259				39.8107		3.57E+07		6.32E+06		0.1769						2.52E+01		4.50E+00		0.179745				39.8107		5.90E+07		9.86E+06		0.16709				39.8107		8.84E+07		1.33E+07		0.15006						7.37E+01		1.16E+01		0.158575				39.8107		3.56E+07		5.52E+06		0.155				39.8107		3.73E+07		5.85E+06		0.15683						1.57E+01		5.69E+00		0.155915

		44.6684		7.9103		1.5392		0.19455				44.6684		1.49E+07		2.74E+06		0.18414				44.6684		3.62E+07		6.41E+06		0.17724						2.55E+01		4.57E+00		0.18069				44.6684		5.97E+07		1.00E+07		0.16777				44.6684		8.93E+07		1.35E+07		0.15091						7.45E+01		1.17E+01		0.15934				44.6684		3.60E+07		5.60E+06		0.15552				44.6684		3.77E+07		5.95E+06		0.15768						1.59E+01		5.77E+00		0.1566

		50.1187		8.02745		1.57715		0.196515				50.1187		1.51E+07		2.77E+06		0.1836				50.1187		3.66E+07		6.51E+06		0.17804						2.58E+01		4.64E+00		0.18082				50.1187		6.03E+07		1.02E+07		0.1682				50.1187		9.03E+07		1.37E+07		0.15141						7.53E+01		1.19E+01		0.159805				50.1187		3.64E+07		5.68E+06		0.15611				50.1187		3.81E+07		6.04E+06		0.15835						1.60E+01		5.86E+00		0.15723

		56.2341		8.11995		1.59695		0.196575				56.2341		1.52E+07		2.80E+06		0.18352				56.2341		3.70E+07		6.61E+06		0.1785						2.61E+01		4.70E+00		0.18101				56.2341		6.11E+07		1.03E+07		0.16891				56.2341		9.13E+07		1.39E+07		0.1524						7.62E+01		1.21E+01		0.160655				56.2341		3.68E+07		5.81E+06		0.15784				56.2341		3.86E+07		6.10E+06		0.15824						1.62E+01		5.96E+00		0.15804

		63.0957		8.2127		1.62485		0.197945				63.0957		1.54E+07		2.82E+06		0.18327				63.0957		3.75E+07		6.71E+06		0.17905						2.65E+01		4.77E+00		0.18116				63.0957		6.18E+07		1.05E+07		0.1692				63.0957		9.22E+07		1.41E+07		0.15268						7.70E+01		1.23E+01		0.16094				63.0957		3.72E+07		5.85E+06		0.15719				63.0957		3.90E+07		6.22E+06		0.15932						1.64E+01		6.03E+00		0.158255

		70.7946		8.2967		1.6532		0.199345				70.7946		1.56E+07		2.90E+06		0.18611				70.7946		3.79E+07		6.84E+06		0.18024						2.67E+01		4.87E+00		0.183175				70.7946		6.25E+07		1.06E+07		0.17003				70.7946		9.32E+07		1.43E+07		0.15319						7.79E+01		1.25E+01		0.16161				70.7946		3.76E+07		5.98E+06		0.15907				70.7946		3.94E+07		6.32E+06		0.16031						1.66E+01		6.15E+00		0.15969

		79.4328		8.4195		1.63725		0.19424				79.4328		1.57E+07		2.90E+06		0.18477				79.4328		3.84E+07		6.92E+06		0.18029						2.70E+01		4.91E+00		0.18253				79.4328		6.32E+07		1.07E+07		0.16982				79.4328		9.43E+07		1.45E+07		0.15368						7.88E+01		1.26E+01		0.16175				79.4328		3.80E+07		6.03E+06		0.15841				79.4328		3.98E+07		6.41E+06		0.16098						1.68E+01		6.22E+00		0.159695

		89.1251		8.50415		1.66435		0.195485				89.1251		1.59E+07		2.94E+06		0.18521				89.1251		3.89E+07		6.99E+06		0.17998						2.74E+01		4.97E+00		0.182595				89.1251		6.40E+07		1.09E+07		0.17064				89.1251		9.53E+07		1.47E+07		0.1543						7.97E+01		1.28E+01		0.16247				89.1251		3.84E+07		6.13E+06		0.15954				89.1251		4.03E+07		6.48E+06		0.16082						1.70E+01		6.30E+00		0.16018

		100		8.588		1.73075		0.20164				100		1.60E+07		2.96E+06		0.18521				100		3.93E+07		7.10E+06		0.18051						2.77E+01		5.03E+00		0.18286				100		6.48E+07		1.10E+07		0.16914				100		9.64E+07		1.48E+07		0.15356						8.06E+01		1.29E+01		0.16135				100		3.88E+07		6.21E+06		0.16004				100		4.07E+07		6.59E+06		0.16188						1.71E+01		6.40E+00		0.16096
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						Method 		Sample Avg. (std. dev)

						Basis Weight (gsm)		100

						Fiber Diameter (μm)		4.2 (1.4)

						Thickness (mm)		0.47

						Air Permeability (cfm)		 22

						Modulus (psi) Machine/Transverse		58/13.2

						Break Stress (psi)		790

						Break Elongation (%)		330
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Fullerene

		Spray Coated Estane with Fullerene/Toluene on 9/27/2011

				Toluene

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3% (2)										3% Avg										5% (1)										5% (2)										5% Avg

				E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

				MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		20.6156666667		2.3872666667		0.1174233333				1		6.88E+07		9.82E+06		0.14278				1		5.32E+07		9.82E+06		0.18445						61.00		9.82		0.163615				1		1.11E+07		2.69E+06		0.24142				1		4.13E+07		9.35E+06		0.22669						2.63E+01		6.02E+00		0.234055				1		8.13E+06		1.90E+06		0.23368				1		2.39E+07		4.78E+06		0.19957						1.60E+01		3.34E+00		0.216625

		1.12202		20.8316666667		2.39		0.1161866667				1.12202		6.93E+07		9.83E+06		0.14179				1.12202		5.31E+07		9.66E+06		0.18196						61.20		9.74		0.161875				1.12202		1.14E+07		2.66E+06		0.2324				1.12202		4.11E+07		9.11E+06		0.22145						2.64E+01		5.88E+00		0.226925				1.12202		8.41E+06		1.85E+06		0.21958				1.12202		2.44E+07		4.67E+06		0.19164						1.64E+01		3.26E+00		0.20561

		1.25893		21.0366666667		2.4207333333		0.1163333333				1.25893		6.99E+07		9.83E+06		0.14075				1.25893		5.30E+07		9.51E+06		0.17947						61.43		9.67		0.16011				1.25893		1.16E+07		2.71E+06		0.23302				1.25893		4.11E+07		8.94E+06		0.21771						2.65E+01		5.82E+00		0.225365				1.25893		8.63E+06		1.84E+06		0.21326				1.25893		2.47E+07		4.63E+06		0.1871						1.67E+01		3.23E+00		0.20018

		1.41254		21.249		2.4363333333		0.1157833333				1.41254		7.03E+07		9.92E+06		0.14108				1.41254		5.31E+07		9.52E+06		0.17931						61.71		9.72		0.160195				1.41254		1.19E+07		2.70E+06		0.2272				1.41254		4.13E+07		8.81E+06		0.21351						2.67E+01		5.76E+00		0.220355				1.41254		8.82E+06		1.82E+06		0.20586				1.41254		2.51E+07		4.64E+06		0.18504						1.69E+01		3.23E+00		0.19545

		1.58489		21.4313333333		2.4633666667		0.1160433333				1.58489		7.09E+07		1.00E+07		0.14092				1.58489		5.33E+07		9.48E+06		0.178						62.10		9.74		0.15946				1.58489		1.21E+07		2.76E+06		0.22781				1.58489		4.15E+07		8.78E+06		0.21123						2.69E+01		5.77E+00		0.21952				1.58489		8.99E+06		1.82E+06		0.20288				1.58489		2.54E+07		4.65E+06		0.18284						1.72E+01		3.24E+00		0.19286

		1.77828		21.618		2.5031666667		0.11681				1.77828		7.15E+07		1.01E+07		0.14094				1.77828		5.35E+07		9.50E+06		0.17767						62.51		9.79		0.159305				1.77828		1.23E+07		2.75E+06		0.22318				1.77828		4.20E+07		8.79E+06		0.20951						2.73E+01		5.77E+00		0.216345				1.77828		9.18E+06		1.82E+06		0.19843				1.77828		2.58E+07		4.70E+06		0.18206						1.75E+01		3.26E+00		0.190245

		1.99526		21.8076666667		2.5335333333		0.1171866667				1.99526		7.21E+07		1.02E+07		0.14107				1.99526		5.38E+07		9.53E+06		0.17713						62.98		9.85		0.1591				1.99526		1.25E+07		2.78E+06		0.22186				1.99526		4.23E+07		8.75E+06		0.20695						2.75E+01		5.77E+00		0.214405				1.99526		9.32E+06		1.84E+06		0.19744				1.99526		2.61E+07		4.71E+06		0.18007						1.77E+01		3.27E+00		0.188755

		2.23872		22.0053333333		2.5729666667		0.1179166667				2.23872		7.27E+07		1.03E+07		0.14218				2.23872		5.41E+07		9.58E+06		0.17687						63.44		9.96		0.159525				2.23872		1.28E+07		2.81E+06		0.21996				2.23872		4.27E+07		8.84E+06		0.20693						2.79E+01		5.83E+00		0.213445				2.23872		9.50E+06		1.89E+06		0.19893				2.23872		2.65E+07		4.80E+06		0.18125						1.80E+01		3.34E+00		0.19009

		2.51189		22.2083333333		2.6216		0.1189733333				2.51189		7.34E+07		1.05E+07		0.14247				2.51189		5.45E+07		9.60E+06		0.1761						63.94		10.03		0.159285				2.51189		1.30E+07		2.86E+06		0.2208				2.51189		4.32E+07		8.90E+06		0.20609						2.82E+01		5.88E+00		0.213445				2.51189		9.64E+06		1.89E+06		0.19623				2.51189		2.68E+07		4.81E+06		0.17966						1.82E+01		3.35E+00		0.187945

		2.81838		22.425		2.6495		0.1189866667				2.81838		7.41E+07		1.06E+07		0.14366				2.81838		5.49E+07		9.72E+06		0.1771						64.49		10.18		0.16038				2.81838		1.32E+07		2.92E+06		0.22118				2.81838		4.36E+07		8.94E+06		0.20499						2.85E+01		5.93E+00		0.213085				2.81838		9.80E+06		1.90E+06		0.19438				2.81838		2.71E+07		4.93E+06		0.18172						1.85E+01		3.42E+00		0.18805

		3.16228		22.6246666667		2.6971333333		0.1200166667				3.16228		7.47E+07		1.08E+07		0.14427				3.16228		5.54E+07		9.83E+06		0.17746						65.04		10.30		0.160865				3.16228		1.34E+07		2.94E+06		0.22001				3.16228		4.41E+07		9.00E+06		0.20401						2.89E+01		5.97E+00		0.21201				3.16228		9.97E+06		1.91E+06		0.19133				3.16228		2.75E+07		4.95E+06		0.18035						1.87E+01		3.43E+00		0.18584

		3.54813		22.7713333333		2.7265666667		0.12051				3.54813		7.54E+07		1.09E+07		0.14425				3.54813		5.59E+07		9.87E+06		0.17672						65.61		10.37		0.160485				3.54813		1.36E+07		3.01E+06		0.22095				3.54813		4.46E+07		9.11E+06		0.20415						2.92E+01		6.06E+00		0.21255				3.54813		1.01E+07		1.96E+06		0.19369				3.54813		2.78E+07		5.03E+06		0.18077						1.90E+01		3.50E+00		0.18723

		3.98107		23.0096666667		2.7642		0.1207133333				3.98107		7.61E+07		1.11E+07		0.14523				3.98107		5.63E+07		1.00E+07		0.17771						66.23		10.53		0.16147				3.98107		1.38E+07		3.04E+06		0.21961				3.98107		4.52E+07		9.21E+06		0.20377						2.96E+01		6.12E+00		0.21169				3.98107		1.03E+07		1.99E+06		0.1939				3.98107		2.82E+07		5.09E+06		0.18094						1.92E+01		3.54E+00		0.18742

		4.46684		23.2176666667		2.8274666667		0.12248				4.46684		7.69E+07		1.12E+07		0.14576				4.46684		5.68E+07		1.01E+07		0.17767						66.84		10.65		0.161715				4.46684		1.40E+07		3.05E+06		0.2173				4.46684		4.58E+07		9.30E+06		0.20332						3.00E+01		6.18E+00		0.21031				4.46684		1.04E+07		2.00E+06		0.19207				4.46684		2.85E+07		5.14E+06		0.18009						1.95E+01		3.57E+00		0.18608

		5.01187		23.396		2.8715666667		0.12342				5.01187		7.76E+07		1.14E+07		0.14706				5.01187		5.73E+07		1.02E+07		0.17781						67.42		10.79		0.162435				5.01187		1.43E+07		3.09E+06		0.21667				5.01187		4.63E+07		9.40E+06		0.20302						3.04E+01		6.25E+00		0.209845				5.01187		1.06E+07		2.03E+06		0.1924				5.01187		2.88E+07		5.19E+06		0.17996						1.97E+01		3.61E+00		0.18618

		5.62341		23.6103333333		2.9254666667		0.1245766667				5.62341		7.83E+07		1.16E+07		0.1477				5.62341		5.78E+07		1.03E+07		0.17803						68.03		10.92		0.162865				5.62341		1.45E+07		3.15E+06		0.21687				5.62341		4.68E+07		9.49E+06		0.20264						3.08E+01		6.32E+00		0.209755				5.62341		1.07E+07		2.08E+06		0.19353				5.62341		2.92E+07		5.27E+06		0.18016						2.00E+01		3.67E+00		0.186845

		6.30957		23.8573333333		2.9706		0.1251				6.30957		7.90E+07		1.17E+07		0.14843				6.30957		5.83E+07		1.04E+07		0.17834						68.68		11.07		0.163385				6.30957		1.47E+07		3.20E+06		0.21707				6.30957		4.74E+07		9.62E+06		0.20287						3.12E+01		6.41E+00		0.20997				6.30957		1.09E+07		2.10E+06		0.19248				6.30957		2.96E+07		5.35E+06		0.18076						2.03E+01		3.73E+00		0.18662

		7.07946		24.0656666667		3.0342		0.12679				7.07946		7.98E+07		1.19E+07		0.14941				7.07946		5.89E+07		1.05E+07		0.17889						69.37		11.23		0.16415				7.07946		1.50E+07		3.27E+06		0.21843				7.07946		4.80E+07		9.75E+06		0.203						3.16E+01		6.51E+00		0.210715				7.07946		1.11E+07		2.14E+06		0.19355				7.07946		3.00E+07		5.43E+06		0.18102						2.05E+01		3.78E+00		0.187285

		7.94328		24.294		3.0859		0.1276066667				7.94328		8.06E+07		1.21E+07		0.15021				7.94328		5.95E+07		1.07E+07		0.17935						70.06		11.39		0.16478				7.94328		1.52E+07		3.32E+06		0.21793				7.94328		4.86E+07		9.87E+06		0.203						3.20E+01		6.59E+00		0.210465				7.94328		1.12E+07		2.17E+06		0.1938				7.94328		3.04E+07		5.48E+06		0.18029						2.08E+01		3.82E+00		0.187045

		8.91251		24.4973333333		3.1446		0.12894				8.91251		8.14E+07		1.23E+07		0.15122				8.91251		6.01E+07		1.08E+07		0.17988						70.76		11.56		0.16555				8.91251		1.55E+07		3.36E+06		0.2172				8.91251		4.92E+07		1.00E+07		0.20318						3.25E+01		6.68E+00		0.21019				8.91251		1.14E+07		2.20E+06		0.19322				8.91251		3.08E+07		5.59E+06		0.18193						2.11E+01		3.90E+00		0.187575

		10		24.725		3.1936666667		0.1297633333				10		8.22E+07		1.25E+07		0.15218				10		6.07E+07		1.09E+07		0.18005						71.44		11.72		0.166115				10		1.57E+07		3.41E+06		0.21692				10		4.99E+07		1.02E+07		0.2038						3.29E+01		6.79E+00		0.21036				10		1.16E+07		2.22E+06		0.19252				10		3.11E+07		5.66E+06		0.18199						2.13E+01		3.94E+00		0.187255

		11.2202		24.988		3.2553333333		0.1307666667				11.2202		8.31E+07		1.27E+07		0.1531				11.2202		6.13E+07		1.11E+07		0.18084						72.16		11.90		0.16697				11.2202		1.60E+07		3.46E+06		0.21714				11.2202		5.05E+07		1.03E+07		0.2041						3.34E+01		6.89E+00		0.21062				11.2202		1.17E+07		2.27E+06		0.19368				11.2202		3.15E+07		5.75E+06		0.18228						2.16E+01		4.01E+00		0.18798

		12.5893		25.1993333333		3.3138		0.1320466667				12.5893		8.39E+07		1.29E+07		0.1542				12.5893		6.19E+07		1.12E+07		0.18122						72.89		12.08		0.16771				12.5893		1.62E+07		3.51E+06		0.21629				12.5893		5.12E+07		1.05E+07		0.20497						3.38E+01		7.00E+00		0.21063				12.5893		1.19E+07		2.30E+06		0.19347				12.5893		3.19E+07		5.83E+06		0.18261						2.19E+01		4.06E+00		0.18804

		14.1254		25.4416666667		3.3735333333		0.13309				14.1254		8.48E+07		1.31E+07		0.15488				14.1254		6.25E+07		1.14E+07		0.18203						73.67		12.26		0.168455				14.1254		1.65E+07		3.58E+06		0.21705				14.1254		5.18E+07		1.06E+07		0.2047						3.43E+01		7.10E+00		0.210875				14.1254		1.21E+07		2.35E+06		0.19522				14.1254		3.24E+07		5.93E+06		0.18333						2.22E+01		4.14E+00		0.189275

		15.8489		25.6903333333		3.4342666667		0.13419				15.8489		8.57E+07		1.34E+07		0.15608				15.8489		6.32E+07		1.15E+07		0.18245						74.47		12.46		0.169265				15.8489		1.67E+07		3.64E+06		0.21748				15.8489		5.26E+07		1.08E+07		0.20516						3.48E+01		7.21E+00		0.21132				15.8489		1.22E+07		2.36E+06		0.19323				15.8489		3.27E+07		6.03E+06		0.18408						2.25E+01		4.20E+00		0.188655

		17.7828		25.9856666667		3.5212333333		0.13601				17.7828		8.66E+07		1.36E+07		0.15732				17.7828		6.39E+07		1.17E+07		0.18348						75.28		12.68		0.1704				17.7828		1.70E+07		3.72E+06		0.21891				17.7828		5.33E+07		1.10E+07		0.2059						3.53E+01		7.35E+00		0.212405				17.7828		1.24E+07		2.43E+06		0.19523				17.7828		3.32E+07		6.14E+06		0.18518						2.28E+01		4.28E+00		0.190205

		19.9526		26.2513333333		3.5876666667		0.1371266667				19.9526		8.73E+07		1.39E+07		0.15882				19.9526		6.46E+07		1.19E+07		0.18423						75.92		12.88		0.171525				19.9526		1.73E+07		3.78E+06		0.21842				19.9526		5.40E+07		1.11E+07		0.20606						3.58E+01		7.45E+00		0.21224				19.9526		1.26E+07		2.47E+06		0.19655				19.9526		3.36E+07		6.24E+06		0.18564						2.31E+01		4.36E+00		0.191095

		22.3872		26.484		3.6509		0.1382766667				22.3872		8.82E+07		1.41E+07		0.15987				22.3872		6.53E+07		1.21E+07		0.18486						76.72		13.08		0.172365				22.3872		1.76E+07		3.84E+06		0.21856				22.3872		5.47E+07		1.13E+07		0.20663						3.63E+01		7.57E+00		0.212595				22.3872		1.28E+07		2.52E+06		0.19741				22.3872		3.40E+07		6.34E+06		0.18614						2.34E+01		4.43E+00		0.191775

		25.1189		26.7506666667		3.7275		0.1397133333				25.1189		8.91E+07		1.44E+07		0.16122				25.1189		6.60E+07		1.23E+07		0.18582						77.54		13.31		0.17352				25.1189		1.79E+07		3.89E+06		0.21817				25.1189		5.55E+07		1.15E+07		0.20702						3.68E+01		7.69E+00		0.212595				25.1189		1.30E+07		2.55E+06		0.19646				25.1189		3.44E+07		6.43E+06		0.18702						2.37E+01		4.49E+00		0.19174

		28.1838		27.026		3.7883666667		0.1405233333				28.1838		9.01E+07		1.46E+07		0.16191				28.1838		6.68E+07		1.24E+07		0.18601						78.43		13.50		0.17396				28.1838		1.81E+07		3.96E+06		0.21839				28.1838		5.62E+07		1.16E+07		0.207						3.73E+01		7.80E+00		0.212695				28.1838		1.32E+07		2.60E+06		0.19791				28.1838		3.48E+07		6.55E+06		0.18829						2.40E+01		4.58E+00		0.1931

		31.6228		27.309		3.8684666667		0.1419266667				31.6228		9.11E+07		1.48E+07		0.16285				31.6228		6.75E+07		1.26E+07		0.18671						79.31		13.72		0.17478				31.6228		1.84E+07		4.04E+06		0.21945				31.6228		5.68E+07		1.18E+07		0.20844						3.78E+01		7.94E+00		0.213945				31.6228		1.33E+07		2.63E+06		0.19755				31.6228		3.53E+07		6.69E+06		0.18934						2.43E+01		4.66E+00		0.193445

		35.4813		27.594		3.9412666667		0.14314				35.4813		9.21E+07		1.51E+07		0.1638				35.4813		6.83E+07		1.28E+07		0.18744						80.23		13.95		0.17562				35.4813		1.87E+07		4.12E+06		0.21975				35.4813		5.75E+07		1.20E+07		0.20889						3.83E+01		8.07E+00		0.21432				35.4813		1.35E+07		2.69E+06		0.19862				35.4813		3.57E+07		6.77E+06		0.18938						2.46E+01		4.73E+00		0.194

		39.8107		27.887		4.0078666667		0.1439433333				39.8107		9.32E+07		1.53E+07		0.16469				39.8107		6.92E+07		1.30E+07		0.18815						81.18		14.18		0.17642				39.8107		1.90E+07		4.17E+06		0.21942				39.8107		5.83E+07		1.22E+07		0.20903						3.88E+01		8.18E+00		0.214225				39.8107		1.37E+07		2.72E+06		0.19849				39.8107		3.62E+07		6.88E+06		0.19003						2.50E+01		4.80E+00		0.19426

		44.6684		28.1876666667		4.0851333333		0.14507				44.6684		9.43E+07		1.56E+07		0.16569				44.6684		7.00E+07		1.32E+07		0.18831						82.12		14.40		0.177				44.6684		1.93E+07		4.26E+06		0.2205				44.6684		5.92E+07		1.24E+07		0.20972						3.94E+01		8.33E+00		0.21511				44.6684		1.39E+07		2.77E+06		0.19871				44.6684		3.67E+07		6.99E+06		0.19048						2.53E+01		4.88E+00		0.194595

		50.1187		28.5083333333		4.1692666667		0.1463966667				50.1187		9.54E+07		1.58E+07		0.16606				50.1187		7.08E+07		1.34E+07		0.18902						83.12		14.62		0.17754				50.1187		1.97E+07		4.31E+06		0.21922				50.1187		6.00E+07		1.26E+07		0.20988						4.00E+01		8.45E+00		0.21455				50.1187		1.41E+07		2.82E+06		0.19999				50.1187		3.72E+07		7.07E+06		0.19015						2.57E+01		4.95E+00		0.19507

		56.2341		28.828		4.223		0.1465366667				56.2341		9.65E+07		1.61E+07		0.16675				56.2341		7.14E+07		1.35E+07		0.18923						83.95		14.80		0.17799				56.2341		2.00E+07		4.37E+06		0.2189				56.2341		6.09E+07		1.28E+07		0.20948						4.06E+01		8.57E+00		0.21419				56.2341		1.43E+07		2.85E+06		0.19923				56.2341		3.77E+07		7.22E+06		0.19165						2.60E+01		5.04E+00		0.19544

		63.0957		29.166		4.2997		0.1474633333				63.0957		9.77E+07		1.64E+07		0.16736				63.0957		7.23E+07		1.37E+07		0.18987						84.98		15.04		0.178615				63.0957		2.03E+07		4.46E+06		0.21978				63.0957		6.18E+07		1.30E+07		0.20972						4.12E+01		8.71E+00		0.21475				63.0957		1.45E+07		2.90E+06		0.19935				63.0957		3.82E+07		7.28E+06		0.19054						2.64E+01		5.09E+00		0.194945

		70.7946		29.4843333333		4.3583333333		0.14743				70.7946		9.88E+07		1.66E+07		0.16816				70.7946		7.32E+07		1.39E+07		0.19027						86.01		15.27		0.179215				70.7946		2.06E+07		4.52E+06		0.21986				70.7946		6.27E+07		1.32E+07		0.2099						4.18E+01		8.84E+00		0.21488				70.7946		1.47E+07		2.93E+06		0.199				70.7946		3.87E+07		7.42E+06		0.19152						2.67E+01		5.17E+00		0.19526

		79.4328		29.8736666667		4.4559		0.1491033333				79.4328		1.00E+08		1.68E+07		0.16839				79.4328		7.41E+07		1.41E+07		0.19031						87.09		15.48		0.17935				79.4328		2.10E+07		4.60E+06		0.2194				79.4328		6.36E+07		1.33E+07		0.20971						4.25E+01		8.97E+00		0.214555				79.4328		1.49E+07		2.98E+06		0.19972				79.4328		3.93E+07		7.53E+06		0.19186						2.71E+01		5.26E+00		0.19579

		89.1251		30.259		4.501		0.14848				89.1251		1.01E+08		1.71E+07		0.16862				89.1251		7.51E+07		1.43E+07		0.19056						88.22		15.70		0.17959				89.1251		2.13E+07		4.62E+06		0.21728				89.1251		6.46E+07		1.35E+07		0.20932						4.31E+01		9.07E+00		0.2133				89.1251		1.51E+07		3.04E+06		0.20099				89.1251		3.98E+07		7.60E+06		0.19118						2.74E+01		5.32E+00		0.196085

		100		30.6376666667		4.5808		0.14917				100		1.03E+08		1.73E+07		0.16901				100		7.61E+07		1.44E+07		0.18993						89.30		15.89		0.17947				100		2.16E+07		4.69E+06		0.21731				100		6.56E+07		1.37E+07		0.20874						6.56E+01		9.19E+00		0.213025				100		1.54E+07		3.04E+06		0.19738				100		4.03E+07		7.76E+06		0.19233						2.79E+01		5.40E+00		0.194855
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Sheet1

		

				Toluene

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3%(2)										3% Avg										5% (1)										5% (2)										5% Avg

				E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

				MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		20.6156666667		2.3872666667		0.1174233333				1		7.45E+06		1.96E+06		0.26245				1		5.42E+06		1.63E+06		0.29984						7.45		1.79		0.281145				1		6.65E+06		2.21E+06		0.33244				1		4.48E+06		1.20E+06		0.26734						6.00		1.70		0.29989				1		1.32E+07		3.83E+06		0.29122				1		1.12E+07		3.25E+06		0.29148						12.16		3.54		0.29135

		1.12202		20.8316666667		2.39		0.1161866667				1.12202		7.68E+06		1.95E+06		0.25425				1.12202		5.62E+06		1.61E+06		0.2869						7.68		1.78		0.270575				1.12202		6.87E+06		2.20E+06		0.32017				1.12202		4.63E+06		1.20E+06		0.2585						6.13		1.70		0.289335				1.12202		1.36E+07		3.73E+06		0.27465				1.12202		1.16E+07		3.19E+06		0.27535						12.60		3.46		0.275

		1.25893		21.0366666667		2.4207333333		0.1163333333				1.25893		7.87E+06		1.92E+06		0.24413				1.25893		5.75E+06		1.60E+06		0.27899						7.87		1.76		0.26156				1.25893		6.90E+06		2.10E+06		0.30437				1.25893		4.75E+06		1.16E+06		0.24529						6.26		1.63		0.27483				1.25893		1.39E+07		3.64E+06		0.26157				1.25893		1.18E+07		3.10E+06		0.26236						12.88		3.37		0.261965

		1.41254		21.249		2.4363333333		0.1157833333				1.41254		8.06E+06		1.94E+06		0.24077				1.41254		5.91E+06		1.59E+06		0.26882						8.06		1.76		0.254795				1.41254		7.12E+06		2.00E+06		0.28107				1.41254		4.86E+06		1.16E+06		0.23785						6.41		1.58		0.25946				1.41254		1.42E+07		3.66E+06		0.25734				1.41254		1.21E+07		3.09E+06		0.25545						13.16		3.38		0.256395

		1.58489		21.4313333333		2.4633666667		0.1160433333				1.58489		8.19E+06		1.96E+06		0.23907				1.58489		6.06E+06		1.57E+06		0.25944						8.19		1.76		0.249255				1.58489		7.24E+06		1.94E+06		0.26726				1.58489		4.96E+06		1.16E+06		0.23439						6.50		1.55		0.250825				1.58489		1.45E+07		3.63E+06		0.25026				1.58489		1.24E+07		3.09E+06		0.24982						13.43		3.36		0.25004

		1.77828		21.618		2.5031666667		0.11681				1.77828		8.34E+06		1.96E+06		0.23462				1.77828		6.16E+06		1.61E+06		0.26125						8.34		1.78		0.247935				1.77828		7.29E+06		1.89E+06		0.25909				1.77828		5.11E+06		1.14E+06		0.22309						6.61		1.51		0.24109				1.77828		1.48E+07		3.63E+06		0.2452				1.77828		1.26E+07		3.10E+06		0.24557						13.71		3.36		0.245385

		1.99526		21.8076666667		2.5335333333		0.1171866667				1.99526		8.50E+06		1.98E+06		0.23292				1.99526		6.33E+06		1.60E+06		0.25358						8.50		1.79		0.24325				1.99526		7.44E+06		1.90E+06		0.25564				1.99526		5.23E+06		1.15E+06		0.21986						6.74		1.53		0.23775				1.99526		1.51E+07		3.65E+06		0.24253				1.99526		1.29E+07		3.13E+06		0.24296						13.97		3.39		0.242745

		2.23872		22.0053333333		2.5729666667		0.1179166667				2.23872		8.64E+06		2.03E+06		0.23439				2.23872		6.42E+06		1.65E+06		0.25716						8.64		1.84		0.245775				2.23872		7.55E+06		1.91E+06		0.25257				2.23872		5.29E+06		1.19E+06		0.22424						6.84		1.55		0.238405				2.23872		1.53E+07		3.73E+06		0.24299				2.23872		1.31E+07		3.15E+06		0.23943						14.24		3.44		0.24121

		2.51189		22.2083333333		2.6216		0.1189733333				2.51189		8.78E+06		2.02E+06		0.23012				2.51189		6.56E+06		1.68E+06		0.25632						8.78		1.85		0.24322				2.51189		7.68E+06		1.86E+06		0.24237				2.51189		5.37E+06		1.19E+06		0.22197						6.96		1.53		0.23217				2.51189		1.56E+07		3.74E+06		0.23909				2.51189		1.34E+07		3.15E+06		0.2355						14.52		3.45		0.237295

		2.81838		22.425		2.6495		0.1189866667				2.81838		8.93E+06		2.09E+06		0.2342				2.81838		6.67E+06		1.70E+06		0.25425						8.93		1.89		0.244225				2.81838		7.82E+06		1.89E+06		0.24114				2.81838		5.47E+06		1.19E+06		0.21818						7.06		1.54		0.22966				2.81838		1.59E+07		3.75E+06		0.23643				2.81838		1.36E+07		3.19E+06		0.23445						14.74		3.47		0.23544

		3.16228		22.6246666667		2.6971333333		0.1200166667				3.16228		9.08E+06		2.10E+06		0.23169				3.16228		6.81E+06		1.71E+06		0.2505						9.08		1.91		0.241095				3.16228		7.90E+06		1.88E+06		0.23843				3.16228		5.57E+06		1.18E+06		0.21214						7.16		1.53		0.225285				3.16228		1.62E+07		3.81E+06		0.23581				3.16228		1.38E+07		3.22E+06		0.23277						14.99		3.51		0.23429

		3.54813		22.7713333333		2.7265666667		0.12051				3.54813		9.25E+06		2.11E+06		0.22756				3.54813		6.93E+06		1.77E+06		0.25533						9.25		1.94		0.241445				3.54813		8.02E+06		1.90E+06		0.2363				3.54813		5.65E+06		1.27E+06		0.22449						7.26		1.58		0.230395				3.54813		1.64E+07		3.87E+06		0.23591				3.54813		1.41E+07		3.28E+06		0.23267						15.25		3.58		0.23429

		3.98107		23.0096666667		2.7642		0.1207133333				3.98107		9.39E+06		2.12E+06		0.22598				3.98107		7.06E+06		1.77E+06		0.25073						9.39		1.95		0.238355				3.98107		8.11E+06		1.91E+06		0.2353				3.98107		5.71E+06		1.27E+06		0.22205						7.36		1.59		0.228675				3.98107		1.67E+07		3.90E+06		0.23409				3.98107		1.43E+07		3.33E+06		0.23309						15.48		3.62		0.23359

		4.46684		23.2176666667		2.8274666667		0.12248				4.46684		9.55E+06		2.17E+06		0.22762				4.46684		7.20E+06		1.80E+06		0.24963						9.55		1.99		0.238625				4.46684		8.24E+06		1.91E+06		0.23166				4.46684		5.80E+06		1.26E+06		0.21768						7.46		1.59		0.22467				4.46684		1.70E+07		3.97E+06		0.23387				4.46684		1.46E+07		3.39E+06		0.23269						15.76		3.68		0.23328

		5.01187		23.396		2.8715666667		0.12342				5.01187		9.70E+06		2.23E+06		0.22971				5.01187		7.37E+06		1.81E+06		0.24618						9.70		2.02		0.237945				5.01187		8.35E+06		1.93E+06		0.2315				5.01187		5.92E+06		1.28E+06		0.21602						7.58		1.61		0.22376				5.01187		1.72E+07		4.00E+06		0.23232				5.01187		1.48E+07		3.41E+06		0.23059						15.99		3.70		0.231455

		5.62341		23.6103333333		2.9254666667		0.1245766667				5.62341		9.87E+06		2.25E+06		0.22812				5.62341		7.48E+06		1.84E+06		0.24639						9.87		2.05		0.237255				5.62341		8.48E+06		1.96E+06		0.23064				5.62341		5.99E+06		1.29E+06		0.21527						7.68		1.62		0.222955				5.62341		1.75E+07		4.04E+06		0.23118				5.62341		1.50E+07		3.46E+06		0.23004						16.26		3.75		0.23061

		6.30957		23.8573333333		2.9706		0.1251				6.30957		1.00E+07		2.27E+06		0.2258				6.30957		7.63E+06		1.88E+06		0.24635						10.04		2.07		0.236075				6.30957		8.57E+06		1.97E+06		0.23027				6.30957		6.09E+06		1.31E+06		0.21453						7.79		1.64		0.2224				6.30957		1.78E+07		4.12E+06		0.23214				6.30957		1.52E+07		3.50E+06		0.22981						16.50		3.81		0.230975

		7.07946		24.0656666667		3.0342		0.12679				7.07946		1.02E+07		2.30E+06		0.22622				7.07946		7.75E+06		1.92E+06		0.24745						10.17		2.11		0.236835				7.07946		8.70E+06		1.97E+06		0.22642				7.07946		6.19E+06		1.35E+06		0.21799						7.90		1.66		0.222205				7.07946		1.81E+07		4.18E+06		0.23167				7.07946		1.55E+07		3.53E+06		0.22808						16.78		3.86		0.229875

		7.94328		24.294		3.0859		0.1276066667				7.94328		1.03E+07		2.37E+06		0.22884				7.94328		7.92E+06		1.93E+06		0.24425						10.35		2.15		0.236545				7.94328		8.82E+06		2.00E+06		0.22668				7.94328		6.27E+06		1.36E+06		0.21778						8.00		1.68		0.22223				7.94328		1.83E+07		4.25E+06		0.23165				7.94328		1.57E+07		3.62E+06		0.22981						17.04		3.93		0.23073

		8.91251		24.4973333333		3.1446		0.12894				8.91251		1.05E+07		2.39E+06		0.22744				8.91251		8.05E+06		1.99E+06		0.24688						10.51		2.19		0.23716				8.91251		8.91E+06		2.04E+06		0.22859				8.91251		6.37E+06		1.41E+06		0.22111						8.11		1.72		0.22485				8.91251		1.86E+07		4.30E+06		0.23104				8.91251		1.60E+07		3.67E+06		0.22947						17.31		3.99		0.230255

		10		24.725		3.1936666667		0.1297633333				10		1.07E+07		2.42E+06		0.22687				10		8.19E+06		2.01E+06		0.2453						10.69		2.22		0.236085				10		9.04E+06		2.06E+06		0.22822				10		6.48E+06		1.41E+06		0.21774						8.22		1.74		0.22298				10		1.89E+07		4.38E+06		0.23105				10		1.63E+07		3.73E+06		0.2294						17.60		4.05		0.230225

		11.2202		24.988		3.2553333333		0.1307666667				11.2202		1.09E+07		2.48E+06		0.22841				11.2202		8.33E+06		2.05E+06		0.24673						10.86		2.27		0.23757				11.2202		9.15E+06		2.08E+06		0.22732				11.2202		6.57E+06		1.43E+06		0.2182						8.33		1.76		0.22276				11.2202		1.92E+07		4.44E+06		0.23083				11.2202		1.65E+07		3.79E+06		0.22924						17.87		4.11		0.230035

		12.5893		25.1993333333		3.3138		0.1320466667				12.5893		1.10E+07		2.50E+06		0.22688				12.5893		8.47E+06		2.09E+06		0.24663						11.03		2.30		0.236755				12.5893		9.25E+06		2.10E+06		0.22698				12.5893		6.67E+06		1.45E+06		0.21684						8.42		1.77		0.22191				12.5893		1.95E+07		4.53E+06		0.23196				12.5893		1.68E+07		3.85E+06		0.22968						18.15		4.19		0.23082

		14.1254		25.4416666667		3.3735333333		0.13309				14.1254		1.12E+07		2.57E+06		0.22924				14.1254		8.63E+06		2.12E+06		0.24521						11.21		2.34		0.237225				14.1254		9.33E+06		2.16E+06		0.23093				14.1254		6.78E+06		1.48E+06		0.21816						8.52		1.82		0.224545				14.1254		1.98E+07		4.58E+06		0.23098				14.1254		1.71E+07		3.90E+06		0.22891						18.45		4.24		0.229945

		15.8489		25.6903333333		3.4342666667		0.13419				15.8489		1.14E+07		2.61E+06		0.22968				15.8489		8.78E+06		2.16E+06		0.24623						11.38		2.39		0.237955				15.8489		9.44E+06		2.17E+06		0.22999				15.8489		6.88E+06		1.51E+06		0.21966						8.63		1.84		0.224825				15.8489		2.02E+07		4.67E+06		0.23152				15.8489		1.73E+07		3.98E+06		0.22981						18.75		4.33		0.230665

		17.7828		25.9856666667		3.5212333333		0.13601				17.7828		1.16E+07		2.67E+06		0.23104				17.7828		8.93E+06		2.21E+06		0.24709						11.57		2.44		0.239065				17.7828		9.57E+06		2.22E+06		0.23193				17.7828		7.00E+06		1.55E+06		0.22168						8.75		1.89		0.226805				17.7828		2.05E+07		4.76E+06		0.23232				17.7828		1.76E+07		4.07E+06		0.23124						19.05		4.42		0.23178

		19.9526		26.2513333333		3.5876666667		0.1371266667				19.9526		1.18E+07		2.72E+06		0.23134				19.9526		9.09E+06		2.25E+06		0.2474						11.77		2.49		0.23937				19.9526		9.70E+06		2.24E+06		0.23092				19.9526		7.12E+06		1.57E+06		0.22101						8.87		1.91		0.225965				19.9526		2.08E+07		4.85E+06		0.2328				19.9526		1.79E+07		4.13E+06		0.23077						19.37		4.49		0.231785

		22.3872		26.484		3.6509		0.1382766667				22.3872		1.20E+07		2.78E+06		0.23239				22.3872		9.25E+06		2.29E+06		0.24757						11.97		2.54		0.23998				22.3872		9.80E+06		2.28E+06		0.23221				22.3872		7.23E+06		1.60E+06		0.22174						8.98		1.94		0.226975				22.3872		2.11E+07		4.93E+06		0.23313				22.3872		1.82E+07		4.21E+06		0.23161						19.66		4.57		0.23237

		25.1189		26.7506666667		3.7275		0.1397133333				25.1189		1.21E+07		2.82E+06		0.23207				25.1189		9.41E+06		2.34E+06		0.24864						12.15		2.58		0.240355				25.1189		9.90E+06		2.31E+06		0.23299				25.1189		7.34E+06		1.63E+06		0.22271						9.09		1.97		0.22785				25.1189		2.15E+07		5.02E+06		0.23359				25.1189		1.85E+07		4.27E+06		0.23149						19.97		4.65		0.23254

		28.1838		27.026		3.7883666667		0.1405233333				28.1838		1.23E+07		2.86E+06		0.23136				28.1838		9.59E+06		2.37E+06		0.24741						12.34		2.61		0.239385				28.1838		1.00E+07		2.34E+06		0.23261				28.1838		7.44E+06		1.66E+06		0.22245						9.22		2.00		0.22753				28.1838		2.18E+07		5.11E+06		0.23479				28.1838		1.88E+07		4.34E+06		0.23137						20.26		4.72		0.23308

		31.6228		27.309		3.8684666667		0.1419266667				31.6228		1.25E+07		2.89E+06		0.23127				31.6228		9.74E+06		2.41E+06		0.24714						12.52		2.65		0.239205				31.6228		1.02E+07		2.37E+06		0.23256				31.6228		7.57E+06		1.70E+06		0.2244						9.36		2.03		0.22848				31.6228		2.21E+07		5.20E+06		0.23542				31.6228		1.91E+07		4.38E+06		0.22952						20.60		4.79		0.23247

		35.4813		27.594		3.9412666667		0.14314				35.4813		1.27E+07		2.98E+06		0.23353				35.4813		9.92E+06		2.45E+06		0.24732						12.74		2.71		0.240425				35.4813		1.03E+07		2.41E+06		0.23315				35.4813		7.68E+06		1.72E+06		0.22358						9.49		2.06		0.228365				35.4813		2.24E+07		5.30E+06		0.23591				35.4813		1.94E+07		4.52E+06		0.23317						20.91		4.91		0.23454

		39.8107		27.887		4.0078666667		0.1439433333				39.8107		1.30E+07		3.04E+06		0.23463				39.8107		1.01E+07		2.51E+06		0.24848						12.97		2.78		0.241555				39.8107		1.05E+07		2.45E+06		0.23376				39.8107		7.82E+06		1.72E+06		0.22041						9.63		2.09		0.227085				39.8107		2.28E+07		5.39E+06		0.23625				39.8107		1.97E+07		4.59E+06		0.23315						21.26		4.99		0.2347

		44.6684		28.1876666667		4.0851333333		0.14507				44.6684		1.32E+07		3.07E+06		0.2333				44.6684		1.03E+07		2.56E+06		0.24872						13.17		2.81		0.24101				44.6684		1.06E+07		2.48E+06		0.23392				44.6684		7.92E+06		1.78E+06		0.22513						9.75		2.13		0.229525				44.6684		2.32E+07		5.49E+06		0.23667				44.6684		2.00E+07		4.67E+06		0.23366						21.60		5.08		0.235165

		50.1187		28.5083333333		4.1692666667		0.1463966667				50.1187		1.34E+07		3.16E+06		0.23597				50.1187		1.05E+07		2.60E+06		0.24864						13.38		2.88		0.242305				50.1187		1.07E+07		2.54E+06		0.23701				50.1187		8.03E+06		1.82E+06		0.22657						9.89		2.18		0.23179				50.1187		2.35E+07		5.57E+06		0.23659				50.1187		2.03E+07		4.75E+06		0.23387						21.94		5.16		0.23523

		56.2341		28.828		4.223		0.1465366667				56.2341		1.36E+07		3.21E+06		0.23596				56.2341		1.06E+07		2.64E+06		0.24815						13.60		2.92		0.242055				56.2341		1.09E+07		2.57E+06		0.23549				56.2341		8.17E+06		1.84E+06		0.22573						10.03		2.21		0.23061				56.2341		2.40E+07		5.68E+06		0.23713				56.2341		2.06E+07		4.85E+06		0.23505						22.30		5.27		0.23609

		63.0957		29.166		4.2997		0.1474633333				63.0957		1.38E+07		3.25E+06		0.23515				63.0957		1.08E+07		2.70E+06		0.24993						13.82		2.97		0.24254				63.0957		1.10E+07		2.61E+06		0.23639				63.0957		8.29E+06		1.91E+06		0.23077						10.17		2.26		0.23358				63.0957		2.43E+07		5.79E+06		0.2381				63.0957		2.10E+07		4.92E+06		0.23432						22.66		5.36		0.23621

		70.7946		29.4843333333		4.3583333333		0.14743				70.7946		1.40E+07		3.32E+06		0.23631				70.7946		1.10E+07		2.74E+06		0.24976						14.03		3.03		0.243035				70.7946		1.12E+07		2.64E+06		0.23616				70.7946		8.42E+06		1.90E+06		0.22578						10.33		2.27		0.23097				70.7946		2.47E+07		5.88E+06		0.23782				70.7946		2.14E+07		4.99E+06		0.23351						23.05		5.44		0.235665

		79.4328		29.8736666667		4.4559		0.1491033333				79.4328		1.42E+07		3.38E+06		0.23764				79.4328		1.12E+07		2.81E+06		0.25161						14.21		3.09		0.244625				79.4328		1.14E+07		2.67E+06		0.23474				79.4328		8.51E+06		1.93E+06		0.22651						10.46		2.30		0.230625				79.4328		2.52E+07		5.99E+06		0.23822				79.4328		2.17E+07		5.10E+06		0.23557						23.41		5.55		0.236895

		89.1251		30.259		4.501		0.14848				89.1251		1.45E+07		3.43E+06		0.23692				89.1251		1.14E+07		2.85E+06		0.25078						14.47		3.14		0.24385				89.1251		1.15E+07		2.69E+06		0.23444				89.1251		8.66E+06		1.96E+06		0.22628						10.61		2.33		0.23036				89.1251		2.56E+07		6.07E+06		0.2375				89.1251		2.20E+07		5.14E+06		0.23327						23.80		5.60		0.235385

		100		30.6376666667		4.5808		0.14917				100		1.47E+07		3.43E+06		0.23391				100		1.15E+07		2.84E+06		0.24694						14.68		3.14		0.240425				100		1.17E+07		2.78E+06		0.23815				100		8.74E+06		1.98E+06		0.22616						10.20		2.38		0.232155				100		2.59E+07		6.15E+06		0.23714				100		2.24E+07		5.21E+06		0.23263						24.18		5.68		0.234885
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		Spray coated Estane with Na+/Pentanol on 9/27/2011

				Pentanol

		Control		Averages								1% (1)										1% (2)										1% Avg										3% (1)										3% (2)										3% Avg										5% (1)										5% (2)										5% Avg

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		5.47475		1.0861		0.19839				1		1.09E+07		2.06E+06		0.18839				1		2.60E+07		4.27E+06		0.16401						1.85E+01		3.16E+00		0.1762				1		4.12E+07		6.42E+06		0.15593				1		6.41E+07		8.41E+06		0.13118						5.26E+01		7.42E+00		0.143555				1		2.59E+07		3.47E+06		0.1338				1		2.68E+07		3.65E+06		0.13604						1.12E+01		3.56E+00		0.13492

		1.12202		5.567		1.0621		0.190795				1.12202		1.11E+07		1.97E+06		0.17789				1.12202		2.62E+07		4.21E+06		0.16035						1.87E+01		3.09E+00		0.16912				1.12202		4.20E+07		6.35E+06		0.15144				1.12202		6.49E+07		8.38E+06		0.12903						5.34E+01		7.37E+00		0.140235				1.12202		2.62E+07		3.45E+06		0.13138				1.12202		2.72E+07		3.64E+06		0.13395						1.14E+01		3.54E+00		0.132665

		1.25893		5.62345		1.05005		0.186735				1.25893		1.12E+07		1.95E+06		0.17326				1.25893		2.64E+07		4.19E+06		0.1586						1.88E+01		3.07E+00		0.16593				1.25893		4.26E+07		6.38E+06		0.14982				1.25893		6.58E+07		8.47E+06		0.12872						5.42E+01		7.43E+00		0.13927				1.25893		2.65E+07		3.48E+06		0.13113				1.25893		2.75E+07		3.67E+06		0.13334						1.15E+01		3.58E+00		0.132235

		1.41254		5.679		1.0418		0.18345				1.41254		1.13E+07		1.91E+06		0.16818				1.41254		2.67E+07		4.17E+06		0.15641						1.90E+01		3.04E+00		0.162295				1.41254		4.32E+07		6.46E+06		0.1495				1.41254		6.66E+07		8.55E+06		0.12831						5.49E+01		7.50E+00		0.138905				1.41254		2.68E+07		3.45E+06		0.12894				1.41254		2.78E+07		3.69E+06		0.13242						1.16E+01		3.57E+00		0.13068

		1.58489		5.7328		1.0393		0.181295				1.58489		1.14E+07		1.92E+06		0.16875				1.58489		2.69E+07		4.18E+06		0.15557						1.92E+01		3.05E+00		0.16216				1.58489		4.38E+07		6.45E+06		0.14736				1.58489		6.73E+07		8.62E+06		0.12806						5.55E+01		7.54E+00		0.13771				1.58489		2.71E+07		3.52E+06		0.13005				1.58489		2.81E+07		3.70E+06		0.1315						1.17E+01		3.61E+00		0.130775

		1.77828		5.79145		1.04985		0.18128				1.77828		1.15E+07		1.90E+06		0.16557				1.77828		2.71E+07		4.20E+06		0.155						1.93E+01		3.05E+00		0.160285				1.77828		4.43E+07		6.51E+06		0.14686				1.77828		6.80E+07		8.72E+06		0.12817						5.62E+01		7.61E+00		0.137515				1.77828		2.73E+07		3.57E+06		0.13047				1.77828		2.84E+07		3.74E+06		0.13173						1.19E+01		3.65E+00		0.1311

		1.99526		5.84595		1.05145		0.179855				1.99526		1.16E+07		1.92E+06		0.16526				1.99526		2.74E+07		4.21E+06		0.15377						1.95E+01		3.06E+00		0.159515				1.99526		4.48E+07		6.59E+06		0.14718				1.99526		6.87E+07		8.75E+06		0.12746						5.67E+01		7.67E+00		0.13732				1.99526		2.76E+07		3.61E+06		0.13098				1.99526		2.87E+07		3.82E+06		0.13298						1.20E+01		3.71E+00		0.13198

		2.23872		5.9055		1.0687		0.180975				2.23872		1.17E+07		1.96E+06		0.16802				2.23872		2.76E+07		4.28E+06		0.15513						1.96E+01		3.12E+00		0.161575				2.23872		4.53E+07		6.72E+06		0.14814				2.23872		6.94E+07		8.99E+06		0.12963						5.74E+01		7.86E+00		0.138885				2.23872		2.78E+07		3.65E+06		0.1313				2.23872		2.90E+07		3.89E+06		0.13419						1.21E+01		3.77E+00		0.132745

		2.51189		5.95365		1.0683		0.179445				2.51189		1.18E+07		1.98E+06		0.16843				2.51189		2.79E+07		4.34E+06		0.15577						1.98E+01		3.16E+00		0.1621				2.51189		4.59E+07		6.79E+06		0.14805				2.51189		7.01E+07		9.13E+06		0.13027						5.80E+01		7.96E+00		0.13916				2.51189		2.81E+07		3.72E+06		0.13271				2.51189		2.92E+07		3.93E+06		0.13455						1.22E+01		3.83E+00		0.13363

		2.81838		6.01325		1.07735		0.17917				2.81838		1.19E+07		1.98E+06		0.16641				2.81838		2.81E+07		4.39E+06		0.15639						2.00E+01		3.19E+00		0.1614				2.81838		4.63E+07		6.89E+06		0.14885				2.81838		7.07E+07		9.16E+06		0.12956						5.85E+01		8.03E+00		0.139205				2.81838		2.83E+07		3.78E+06		0.13346				2.81838		2.95E+07		3.97E+06		0.13437						1.23E+01		3.88E+00		0.133915

		3.16228		6.07575		1.0755		0.177005				3.16228		1.20E+07		2.01E+06		0.16769				3.16228		2.83E+07		4.47E+06		0.15784						2.02E+01		3.24E+00		0.162765				3.16228		4.68E+07		6.98E+06		0.14899				3.16228		7.14E+07		9.34E+06		0.13079						5.91E+01		8.16E+00		0.13989				3.16228		2.86E+07		3.80E+06		0.13296				3.16228		2.99E+07		4.02E+06		0.13476						1.25E+01		3.91E+00		0.13386

		3.54813		6.13995		1.0962		0.17856				3.54813		1.21E+07		2.02E+06		0.16698				3.54813		2.86E+07		4.48E+06		0.1565						2.04E+01		3.25E+00		0.16174				3.54813		4.74E+07		7.08E+06		0.14946				3.54813		7.21E+07		9.44E+06		0.13101						5.97E+01		8.26E+00		0.140235				3.54813		2.88E+07		3.85E+06		0.13335				3.54813		3.01E+07		4.11E+06		0.13664						1.25E+01		3.98E+00		0.134995

		3.98107		6.2035		1.1136		0.17954				3.98107		1.22E+07		2.05E+06		0.16768				3.98107		2.89E+07		4.54E+06		0.15709						2.06E+01		3.30E+00		0.162385				3.98107		4.78E+07		7.22E+06		0.15084				3.98107		7.27E+07		9.56E+06		0.13139						6.03E+01		8.39E+00		0.141115				3.98107		2.91E+07		3.95E+06		0.13543				3.98107		3.04E+07		4.15E+06		0.1365						1.27E+01		4.05E+00		0.135965

		4.46684		6.25795		1.12175		0.17928				4.46684		1.23E+07		2.08E+06		0.1686				4.46684		2.92E+07		4.62E+06		0.15846						2.07E+01		3.35E+00		0.16353				4.46684		4.84E+07		7.29E+06		0.1506				4.46684		7.35E+07		9.76E+06		0.13283						6.09E+01		8.52E+00		0.141715				4.46684		2.94E+07		3.99E+06		0.13594				4.46684		3.07E+07		4.22E+06		0.13761						1.28E+01		4.11E+00		0.136775

		5.01187		6.3275		1.1415		0.180395				5.01187		1.24E+07		2.12E+06		0.1702				5.01187		2.94E+07		4.68E+06		0.15902						2.09E+01		3.40E+00		0.16461				5.01187		4.89E+07		7.37E+06		0.15084				5.01187		7.42E+07		9.88E+06		0.13314						6.15E+01		8.63E+00		0.14199				5.01187		2.97E+07		4.06E+06		0.13677				5.01187		3.10E+07		4.30E+06		0.13851						1.30E+01		4.18E+00		0.13764

		5.62341		6.39265		1.1499		0.179895				5.62341		1.25E+07		2.14E+06		0.17113				5.62341		2.97E+07		4.75E+06		0.15991						2.11E+01		3.45E+00		0.16552				5.62341		4.94E+07		7.50E+06		0.15182				5.62341		7.50E+07		1.00E+07		0.13399						6.22E+01		8.77E+00		0.142905				5.62341		3.00E+07		4.12E+06		0.13755				5.62341		3.13E+07		4.35E+06		0.13876						1.31E+01		4.23E+00		0.138155

		6.30957		6.46365		1.1633		0.18				6.30957		1.26E+07		2.16E+06		0.17109				6.30957		3.00E+07		4.81E+06		0.16017						2.13E+01		3.48E+00		0.16563				6.30957		4.99E+07		7.61E+06		0.15246				6.30957		7.57E+07		1.02E+07		0.13501						6.28E+01		8.91E+00		0.143735				6.30957		3.02E+07		4.20E+06		0.13907				6.30957		3.16E+07		4.46E+06		0.14108						1.32E+01		4.33E+00		0.140075

		7.07946		6.53035		1.18165		0.18095				7.07946		1.27E+07		2.16E+06		0.17015				7.07946		3.03E+07		4.90E+06		0.16172						2.15E+01		3.53E+00		0.165935				7.07946		5.04E+07		7.73E+06		0.15331				7.07946		7.64E+07		1.03E+07		0.13546						6.34E+01		9.04E+00		0.144385				7.07946		3.05E+07		4.25E+06		0.13931				7.07946		3.19E+07		4.50E+06		0.141						1.33E+01		4.38E+00		0.140155

		7.94328		6.6021		1.20085		0.18191				7.94328		1.28E+07		2.22E+06		0.1729				7.94328		3.06E+07		4.96E+06		0.16213						2.17E+01		3.59E+00		0.167515				7.94328		5.10E+07		7.85E+06		0.15402				7.94328		7.71E+07		1.05E+07		0.13669						6.41E+01		9.20E+00		0.145355				7.94328		3.08E+07		4.33E+06		0.14036				7.94328		3.22E+07		4.56E+06		0.14152						1.35E+01		4.44E+00		0.14094

		8.91251		6.6848		1.22335		0.18301				8.91251		1.30E+07		2.23E+06		0.17201				8.91251		3.10E+07		5.03E+06		0.16239						2.20E+01		3.63E+00		0.1672				8.91251		5.15E+07		7.97E+06		0.15459				8.91251		7.79E+07		1.07E+07		0.13722						6.47E+01		9.33E+00		0.145905				8.91251		3.11E+07		4.39E+06		0.14097				8.91251		3.26E+07		4.66E+06		0.14308						1.36E+01		4.52E+00		0.142025

		10		6.7622		1.22935		0.18183				10		1.31E+07		2.25E+06		0.17219				10		3.13E+07		5.15E+06		0.16455						2.22E+01		3.70E+00		0.16837				10		5.21E+07		8.09E+06		0.15532				10		7.86E+07		1.09E+07		0.13815						6.54E+01		9.48E+00		0.146735				10		3.14E+07		4.46E+06		0.14201				10		3.29E+07		4.73E+06		0.14379						1.38E+01		4.60E+00		0.1429

		11.2202		6.8377		1.25225		0.183155				11.2202		1.32E+07		2.29E+06		0.17341				11.2202		3.16E+07		5.22E+06		0.16524						2.24E+01		3.76E+00		0.169325				11.2202		5.26E+07		8.21E+06		0.15602				11.2202		7.94E+07		1.10E+07		0.13912						6.60E+01		9.63E+00		0.14757				11.2202		3.17E+07		4.57E+06		0.14392				11.2202		3.32E+07		4.83E+06		0.14537						1.39E+01		4.70E+00		0.144645

		12.5893		6.91535		1.27015		0.18365				12.5893		1.33E+07		2.31E+06		0.17336				12.5893		3.19E+07		5.31E+06		0.16628						2.26E+01		3.81E+00		0.16982				12.5893		5.29E+07		8.34E+06		0.15766				12.5893		8.02E+07		1.12E+07		0.13989						6.65E+01		9.78E+00		0.148775				12.5893		3.21E+07		4.63E+06		0.14432				12.5893		3.36E+07		4.89E+06		0.14569						1.41E+01		4.76E+00		0.145005

		14.1254		6.9988		1.29275		0.18472				14.1254		1.35E+07		2.35E+06		0.17461				14.1254		3.23E+07		5.40E+06		0.16719						2.29E+01		3.87E+00		0.1709				14.1254		5.34E+07		8.49E+06		0.15885				14.1254		8.06E+07		1.14E+07		0.14131						6.70E+01		9.94E+00		0.15008				14.1254		3.24E+07		4.70E+06		0.14491				14.1254		3.39E+07		4.99E+06		0.14709						1.42E+01		4.84E+00		0.146

		15.8489		7.08205		1.31015		0.184965				15.8489		1.36E+07		2.39E+06		0.17552				15.8489		3.26E+07		5.48E+06		0.16783						2.31E+01		3.93E+00		0.171675				15.8489		5.40E+07		8.63E+06		0.15986				15.8489		8.14E+07		1.16E+07		0.14232						6.77E+01		1.01E+01		0.15109				15.8489		3.27E+07		4.80E+06		0.14658				15.8489		3.43E+07		5.08E+06		0.14823						1.44E+01		4.94E+00		0.147405

		17.7828		7.16445		1.34025		0.187095				17.7828		1.37E+07		2.44E+06		0.17746				17.7828		3.30E+07		5.59E+06		0.16949						2.34E+01		4.01E+00		0.173475				17.7828		5.45E+07		8.79E+06		0.16113				17.7828		8.22E+07		1.18E+07		0.1438						6.84E+01		1.03E+01		0.152465				17.7828		3.31E+07		4.90E+06		0.14819				17.7828		3.46E+07		5.19E+06		0.14982						1.45E+01		5.04E+00		0.149005

		19.9526		7.25125		1.36435		0.188145				19.9526		1.39E+07		2.46E+06		0.17762				19.9526		3.34E+07		5.68E+06		0.17034						2.36E+01		4.07E+00		0.17398				19.9526		5.51E+07		8.94E+06		0.16209				19.9526		8.30E+07		1.20E+07		0.14471						6.91E+01		1.05E+01		0.1534				19.9526		3.34E+07		4.97E+06		0.14875				19.9526		3.50E+07		5.28E+06		0.15098						1.47E+01		5.13E+00		0.149865

		22.3872		7.33975		1.3804		0.188075				22.3872		1.40E+07		2.50E+06		0.17831				22.3872		3.37E+07		5.78E+06		0.17128						2.39E+01		4.14E+00		0.174795				22.3872		5.58E+07		9.10E+06		0.16317				22.3872		8.39E+07		1.22E+07		0.14576						6.98E+01		1.07E+01		0.154465				22.3872		3.37E+07		5.06E+06		0.15012				22.3872		3.54E+07		5.36E+06		0.15145						1.48E+01		5.21E+00		0.150785

		25.1189		7.4319		1.41495		0.190385				25.1189		1.42E+07		2.54E+06		0.17914				25.1189		3.41E+07		5.89E+06		0.17272						2.41E+01		4.21E+00		0.17593				25.1189		5.64E+07		9.24E+06		0.16394				25.1189		8.47E+07		1.24E+07		0.14674						7.06E+01		1.08E+01		0.15534				25.1189		3.41E+07		5.14E+06		0.15069				25.1189		3.57E+07		5.46E+06		0.15279						1.50E+01		5.30E+00		0.15174

		28.1838		7.5207		1.43445		0.190715				28.1838		1.43E+07		2.57E+06		0.18012				28.1838		3.45E+07		5.97E+06		0.17324						2.44E+01		4.27E+00		0.17668				28.1838		5.70E+07		9.39E+06		0.16468				28.1838		8.56E+07		1.26E+07		0.14749						7.13E+01		1.10E+01		0.156085				28.1838		3.45E+07		5.23E+06		0.15181				28.1838		3.61E+07		5.55E+06		0.15362						1.52E+01		5.39E+00		0.152715

		31.6228		7.60995		1.45425		0.19109				31.6228		1.44E+07		2.61E+06		0.18072				31.6228		3.49E+07		6.09E+06		0.17474						2.46E+01		4.35E+00		0.17773				31.6228		5.76E+07		9.52E+06		0.16511				31.6228		8.65E+07		1.29E+07		0.1486						7.21E+01		1.12E+01		0.156855				31.6228		3.49E+07		5.36E+06		0.15379				31.6228		3.65E+07		5.65E+06		0.15489						1.53E+01		5.51E+00		0.15434

		35.4813		7.70855		1.4907		0.19338				35.4813		1.46E+07		2.65E+06		0.18177				35.4813		3.53E+07		6.19E+06		0.17544						2.49E+01		4.42E+00		0.178605				35.4813		5.83E+07		9.71E+06		0.16642				35.4813		8.74E+07		1.31E+07		0.14941						7.29E+01		1.14E+01		0.157915				35.4813		3.52E+07		5.42E+06		0.15385				35.4813		3.69E+07		5.74E+06		0.15553						1.55E+01		5.58E+00		0.15469

		39.8107		7.80965		1.5103		0.193345				39.8107		1.47E+07		2.69E+06		0.18259				39.8107		3.57E+07		6.32E+06		0.1769						2.52E+01		4.50E+00		0.179745				39.8107		5.90E+07		9.86E+06		0.16709				39.8107		8.84E+07		1.33E+07		0.15006						7.37E+01		1.16E+01		0.158575				39.8107		3.56E+07		5.52E+06		0.155				39.8107		3.73E+07		5.85E+06		0.15683						1.57E+01		5.69E+00		0.155915

		44.6684		7.9103		1.5392		0.19455				44.6684		1.49E+07		2.74E+06		0.18414				44.6684		3.62E+07		6.41E+06		0.17724						2.55E+01		4.57E+00		0.18069				44.6684		5.97E+07		1.00E+07		0.16777				44.6684		8.93E+07		1.35E+07		0.15091						7.45E+01		1.17E+01		0.15934				44.6684		3.60E+07		5.60E+06		0.15552				44.6684		3.77E+07		5.95E+06		0.15768						1.59E+01		5.77E+00		0.1566

		50.1187		8.02745		1.57715		0.196515				50.1187		1.51E+07		2.77E+06		0.1836				50.1187		3.66E+07		6.51E+06		0.17804						2.58E+01		4.64E+00		0.18082				50.1187		6.03E+07		1.02E+07		0.1682				50.1187		9.03E+07		1.37E+07		0.15141						7.53E+01		1.19E+01		0.159805				50.1187		3.64E+07		5.68E+06		0.15611				50.1187		3.81E+07		6.04E+06		0.15835						1.60E+01		5.86E+00		0.15723

		56.2341		8.11995		1.59695		0.196575				56.2341		1.52E+07		2.80E+06		0.18352				56.2341		3.70E+07		6.61E+06		0.1785						2.61E+01		4.70E+00		0.18101				56.2341		6.11E+07		1.03E+07		0.16891				56.2341		9.13E+07		1.39E+07		0.1524						7.62E+01		1.21E+01		0.160655				56.2341		3.68E+07		5.81E+06		0.15784				56.2341		3.86E+07		6.10E+06		0.15824						1.62E+01		5.96E+00		0.15804

		63.0957		8.2127		1.62485		0.197945				63.0957		1.54E+07		2.82E+06		0.18327				63.0957		3.75E+07		6.71E+06		0.17905						2.65E+01		4.77E+00		0.18116				63.0957		6.18E+07		1.05E+07		0.1692				63.0957		9.22E+07		1.41E+07		0.15268						7.70E+01		1.23E+01		0.16094				63.0957		3.72E+07		5.85E+06		0.15719				63.0957		3.90E+07		6.22E+06		0.15932						1.64E+01		6.03E+00		0.158255

		70.7946		8.2967		1.6532		0.199345				70.7946		1.56E+07		2.90E+06		0.18611				70.7946		3.79E+07		6.84E+06		0.18024						2.67E+01		4.87E+00		0.183175				70.7946		6.25E+07		1.06E+07		0.17003				70.7946		9.32E+07		1.43E+07		0.15319						7.79E+01		1.25E+01		0.16161				70.7946		3.76E+07		5.98E+06		0.15907				70.7946		3.94E+07		6.32E+06		0.16031						1.66E+01		6.15E+00		0.15969

		79.4328		8.4195		1.63725		0.19424				79.4328		1.57E+07		2.90E+06		0.18477				79.4328		3.84E+07		6.92E+06		0.18029						2.70E+01		4.91E+00		0.18253				79.4328		6.32E+07		1.07E+07		0.16982				79.4328		9.43E+07		1.45E+07		0.15368						7.88E+01		1.26E+01		0.16175				79.4328		3.80E+07		6.03E+06		0.15841				79.4328		3.98E+07		6.41E+06		0.16098						1.68E+01		6.22E+00		0.159695

		89.1251		8.50415		1.66435		0.195485				89.1251		1.59E+07		2.94E+06		0.18521				89.1251		3.89E+07		6.99E+06		0.17998						2.74E+01		4.97E+00		0.182595				89.1251		6.40E+07		1.09E+07		0.17064				89.1251		9.53E+07		1.47E+07		0.1543						7.97E+01		1.28E+01		0.16247				89.1251		3.84E+07		6.13E+06		0.15954				89.1251		4.03E+07		6.48E+06		0.16082						1.70E+01		6.30E+00		0.16018

		100		8.588		1.73075		0.20164				100		1.60E+07		2.96E+06		0.18521				100		3.93E+07		7.10E+06		0.18051						2.77E+01		5.03E+00		0.18286				100		6.48E+07		1.10E+07		0.16914				100		9.64E+07		1.48E+07		0.15356						8.06E+01		1.29E+01		0.16135				100		3.88E+07		6.21E+06		0.16004				100		4.07E+07		6.59E+06		0.16188						1.71E+01		6.40E+00		0.16096
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						Method 		Sample Avg. (std. dev)

						Basis Weight (gsm)		100

						Fiber Diameter (μm)		4.2 (1.4)

						Thickness (mm)		0.47

						Air Permeability (cfm)		 22

						Modulus (psi) Machine/Transverse		58/13.2

						Break Stress (psi)		790

						Break Elongation (%)		330
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		1		1								2										3												Average										STDEV

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta				E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		MPa		MPa						Pa		Pa								Freq		E'				E"

		1		2.29E+07		2.46E+06		0.10729				1		2.38E+07		2.74E+06		0.115				1		1.51E+07		1.96E+06		0.12998								20.62		2.39		0.1174233333				4797716.78335991		393419.170012511								rad/s		Pa		stdev		Pa		stdev

		1.12202		2.31E+07		2.48E+06		0.10715				1.12202		2.41E+07		2.74E+06		0.11387				1.12202		1.53E+07		1.95E+06		0.12754								20.83		2.39		0.1161866667				4828684.84510362		404316.658078789								1		2.06E+07		4797716.78335991

		1.25893		2.33E+07		2.51E+06		0.10794				1.25893		2.43E+07		2.79E+06		0.11474				1.25893		1.55E+07		1.96E+06		0.12632								21.04		2.42		0.1163333333				4839591.02955336		426387.151932763								10		2.47E+07		5540437.52784922

		1.41254		2.35E+07		2.55E+06		0.10844				1.41254		2.46E+07		2.81E+06		0.1142				1.41254		1.57E+07		1.95E+06		0.12471								21.25		2.44		0.1157833333				4872331.37214619		438816.525820683								100		3.06E+07		6182148.8443205

		1.58489		2.36E+07		2.58E+06		0.1093				1.58489		2.48E+07		2.83E+06		0.11404				1.58489		1.58E+07		1.97E+06		0.12479								21.43		2.46		0.1160433333				4904992.592587		442726.917335431

		1.77828		2.38E+07		2.62E+06		0.11023				1.77828		2.51E+07		2.89E+06		0.11524				1.77828		1.60E+07		2.00E+06		0.12496								21.62		2.50		0.11681				4936202.89291273		459584.620427331

		1.99526		2.40E+07		2.67E+06		0.1113				1.99526		2.53E+07		2.91E+06		0.11503				1.99526		1.61E+07		2.02E+06		0.12523								21.81		2.53		0.1171866667				4969883.93559984		461920.537899468

		2.23872		2.42E+07		2.70E+06		0.11158				2.23872		2.56E+07		2.97E+06		0.11626				2.23872		1.63E+07		2.05E+06		0.12591								22.01		2.57		0.1179166667				4999991.23332565		472600.003526591

		2.51189		2.43E+07		2.76E+06		0.11328				2.51189		2.58E+07		3.02E+06		0.11711				2.51189		1.65E+07		2.09E+06		0.12653								22.21		2.62		0.1189733333				4984500.20898117		479005.730654655

		2.81838		2.46E+07		2.82E+06		0.11476				2.81838		2.60E+07		3.03E+06		0.11648				2.81838		1.67E+07		2.10E+06		0.12572								22.43		2.65		0.1189866667				5006214.83757939		487199.45607523

		3.16228		2.48E+07		2.86E+06		0.11573				3.16228		2.62E+07		3.09E+06		0.1178				3.16228		1.69E+07		2.13E+06		0.12652								22.62		2.70		0.1200166667				5036568.50775738		500046.331186755

		3.54813		2.49E+07		2.88E+06		0.11553				3.54813		2.65E+07		3.16E+06		0.11916				3.54813		1.69E+07		2.14E+06		0.12684								22.77		2.73		0.12051				5148764.15592454		523777.570475611

		3.98107		2.52E+07		2.95E+06		0.11721				3.98107		2.67E+07		3.19E+06		0.11947				3.98107		1.71E+07		2.15E+06		0.12546								23.01		2.76		0.1207133333				5147081.1469544		545766.241169239

		4.46684		2.54E+07		3.01E+06		0.11862				4.46684		2.70E+07		3.26E+06		0.12067				4.46684		1.73E+07		2.22E+06		0.12815								23.22		2.83		0.12248				5181545.16851232		542019.48611958

		5.01187		2.56E+07		3.07E+06		0.12023				5.01187		2.72E+07		3.30E+06		0.12122				5.01187		1.74E+07		2.24E+06		0.12881								23.40		2.87		0.12342				5279299.48004468		560188.935389958

		5.62341		2.58E+07		3.14E+06		0.12173				5.62341		2.75E+07		3.36E+06		0.12215				5.62341		1.75E+07		2.28E+06		0.12985								23.61		2.93		0.1245766667				5318443.97670347		570730.526021987

		6.30957		2.60E+07		3.18E+06		0.12232				6.30957		2.78E+07		3.42E+06		0.12322				6.30957		1.78E+07		2.31E+06		0.12976								23.86		2.97		0.1251				5321475.01481811		585178.126727239

		7.07946		2.62E+07		3.25E+06		0.12378				7.07946		2.80E+07		3.48E+06		0.12418				7.07946		1.80E+07		2.38E+06		0.13241								24.07		3.03		0.12679				5357272.56477896		579395.176024102

		7.94328		2.65E+07		3.30E+06		0.12477				7.94328		2.83E+07		3.55E+06		0.12573				7.94328		1.82E+07		2.40E+06		0.13232								24.29		3.09		0.1276066667				5394797.5865643		605643.715397097

		8.91251		2.67E+07		3.38E+06		0.12658				8.91251		2.85E+07		3.62E+06		0.12678				8.91251		1.82E+07		2.44E+06		0.13346								24.50		3.14		0.12894				5492030.25604679		626004.480814634

		10		2.69E+07		3.43E+06		0.12736				10		2.88E+07		3.67E+06		0.12749				10		1.84E+07		2.48E+06		0.13444								24.73		3.19		0.1297633333				5540437.52784922		632982.340459301

		11.2202		2.72E+07		3.50E+06		0.12889				11.2202		2.91E+07		3.75E+06		0.12874				11.2202		1.87E+07		2.52E+06		0.13467								24.99		3.26		0.1307666667				5544891.97369976		651726.087657487

		12.5893		2.74E+07		3.57E+06		0.13034				12.5893		2.94E+07		3.81E+06		0.12954				12.5893		1.88E+07		2.56E+06		0.13626								25.20		3.31		0.1320466667				5636668.01695234		662712.5168578

		14.1254		2.77E+07		3.63E+06		0.13132				14.1254		2.97E+07		3.89E+06		0.131				14.1254		1.90E+07		2.60E+06		0.13695								25.44		3.37		0.13309				5682710.29820572		682025.485838567

		15.8489		2.79E+07		3.70E+06		0.13235				15.8489		3.00E+07		3.95E+06		0.13202				15.8489		1.92E+07		2.65E+06		0.1382								25.69		3.43		0.13419				5733303.96310307		691471.158714036

		17.7828		2.82E+07		3.80E+06		0.13469				17.7828		3.04E+07		4.05E+06		0.1335				17.7828		1.94E+07		2.71E+06		0.13984								25.99		3.52		0.13601				5822208.97369146		714038.334638507

		19.9526		2.85E+07		3.87E+06		0.13586				19.9526		3.07E+07		4.14E+06		0.13488				19.9526		1.96E+07		2.75E+06		0.14064								26.25		3.59		0.1371266667				5872830.18086964		733476.354992669

		22.3872		2.88E+07		3.95E+06		0.13724				22.3872		3.09E+07		4.20E+06		0.1361				22.3872		1.98E+07		2.80E+06		0.14149								26.48		3.65		0.1382766667				5889477.65086175		747278.348408409

		25.1189		2.90E+07		4.03E+06		0.13865				25.1189		3.12E+07		4.30E+06		0.13789				25.1189		2.00E+07		2.86E+06		0.1426								26.75		3.73		0.1397133333				5925020.36564714		767775.36428307

		28.1838		2.93E+07		4.10E+06		0.13965				28.1838		3.15E+07		4.37E+06		0.13871				28.1838		2.02E+07		2.90E+06		0.14321								27.03		3.79		0.1405233333				5977109.41843965		782771.399153886

		31.6228		2.96E+07		4.19E+06		0.14156				31.6228		3.18E+07		4.46E+06		0.14026				31.6228		2.05E+07		2.95E+06		0.14396								27.31		3.87		0.1419266667				6020350.57118769		809070.790063102

		35.4813		2.99E+07		4.26E+06		0.14215				35.4813		3.22E+07		4.56E+06		0.1417				35.4813		2.07E+07		3.01E+06		0.14557								27.59		3.94		0.14314				6077066.39753097		818287.824260713

		39.8107		3.02E+07		4.34E+06		0.14382				39.8107		3.25E+07		4.63E+06		0.1424				39.8107		2.10E+07		3.06E+06		0.14561								27.89		4.01		0.1439433333				6085985.21194391		836728.811105087

		44.6684		3.05E+07		4.43E+06		0.14531				44.6684		3.28E+07		4.72E+06		0.14384				44.6684		2.12E+07		3.10E+06		0.14606								28.19		4.09		0.14507				6133624.89343237		864160.959158265

		50.1187		3.08E+07		4.51E+06		0.14645				50.1187		3.32E+07		4.82E+06		0.14525				50.1187		2.15E+07		3.18E+06		0.14749								28.51		4.17		0.1463966667				6159556.99164585		874546.798824015

		56.2341		3.11E+07		4.59E+06		0.14756				56.2341		3.35E+07		4.88E+06		0.14539				56.2341		2.18E+07		3.20E+06		0.14666								28.83		4.22		0.1465366667				6186822.04366668		896985.975364164

		63.0957		3.15E+07		4.66E+06		0.14826				63.0957		3.39E+07		4.97E+06		0.14654				63.0957		2.21E+07		3.27E+06		0.14759								29.17		4.30		0.1474633333				6202240.15981323		906186.652958429

		70.7946		3.18E+07		4.75E+06		0.14961				70.7946		3.42E+07		5.09E+06		0.14864				70.7946		2.25E+07		3.23E+06		0.14404								29.48		4.36		0.14743				6208945.99214176		987516.239528916

		79.4328		3.21E+07		4.83E+06		0.15025				79.4328		3.46E+07		5.15E+06		0.14859				79.4328		2.29E+07		3.39E+06		0.14847								29.87		4.46		0.1491033333				6203159.38319605		933438.648224938

		89.1251		3.25E+07		4.89E+06		0.15061				89.1251		3.51E+07		5.22E+06		0.14885				89.1251		2.32E+07		3.39E+06		0.14598								30.26		4.50		0.14848				6219697.82224185		974484.946009942

		100		3.28E+07		5.01E+06		0.15299				100		3.55E+07		5.28E+06		0.14892				100		2.37E+07		3.45E+06		0.1456								30.64		4.58		0.14917				6182148.8443205		991513.94846467





0.05%

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		5.79E+07		6.83E+06		0.11803				1		5.81E+07		6.92E+06		0.11918				1		4.98E+07		6.11E+06		0.12273						55.25		6.62		0.11998

		1.12202		5.85E+07		6.89E+06		0.11771				1.12202		5.87E+07		6.92E+06		0.1179				1.12202		5.04E+07		6.10E+06		0.12106						55.89		6.64		0.11889

		1.25893		5.91E+07		6.95E+06		0.11764				1.25893		5.93E+07		7.00E+06		0.11793				1.25893		5.09E+07		6.10E+06		0.11984						56.45		6.68		0.11847

		1.41254		5.96E+07		7.10E+06		0.11904				1.41254		5.99E+07		7.09E+06		0.11838				1.41254		5.14E+07		6.19E+06		0.12037						56.97		6.79		0.1192633333

		1.58489		6.02E+07		7.15E+06		0.1187				1.58489		6.04E+07		7.15E+06		0.11826				1.58489		5.18E+07		6.23E+06		0.12012						57.50		6.84		0.1190266667

		1.77828		6.07E+07		7.27E+06		0.11974				1.77828		6.09E+07		7.26E+06		0.11916				1.77828		5.23E+07		6.31E+06		0.12057						58.01		6.95		0.1198233333

		1.99526		6.13E+07		7.40E+06		0.12065				1.99526		6.15E+07		7.35E+06		0.11955				1.99526		5.28E+07		6.38E+06		0.12075						58.54		7.04		0.1203166667

		2.23872		6.19E+07		7.53E+06		0.12159				2.23872		6.20E+07		7.49E+06		0.12084				2.23872		5.33E+07		6.56E+06		0.12307						59.08		7.19		0.1218333333

		2.51189		6.24E+07		7.62E+06		0.1221				2.51189		6.25E+07		7.57E+06		0.12107				2.51189		5.38E+07		6.62E+06		0.12317						59.58		7.27		0.1221133333

		2.81838		6.30E+07		7.78E+06		0.12353				2.81838		6.31E+07		7.78E+06		0.12318				2.81838		5.42E+07		6.73E+06		0.12418						60.12		7.43		0.12363

		3.16228		6.36E+07		7.92E+06		0.12459				3.16228		6.37E+07		7.92E+06		0.12431				3.16228		5.47E+07		6.84E+06		0.12504						60.66		7.56		0.1246466667

		3.54813		6.42E+07		8.07E+06		0.12568				3.54813		6.42E+07		7.95E+06		0.12375				3.54813		5.51E+07		6.95E+06		0.12599						61.20		7.66		0.12514

		3.98107		6.47E+07		8.19E+06		0.12647				3.98107		6.49E+07		8.13E+06		0.12533				3.98107		5.56E+07		7.04E+06		0.12671						61.73		7.79		0.12617

		4.46684		6.54E+07		8.35E+06		0.12771				4.46684		6.55E+07		8.30E+06		0.12674				4.46684		5.62E+07		7.20E+06		0.12806						62.34		7.95		0.1275033333

		5.01187		6.60E+07		8.48E+06		0.12855				5.01187		6.60E+07		8.43E+06		0.12775				5.01187		5.68E+07		7.32E+06		0.12906						62.91		8.08		0.1284533333

		5.62341		6.66E+07		8.61E+06		0.12931				5.62341		6.66E+07		8.59E+06		0.12901				5.62341		5.73E+07		7.43E+06		0.12978						63.49		8.21		0.1293666667

		6.30957		6.72E+07		8.79E+06		0.1308				6.30957		6.72E+07		8.76E+06		0.1303				6.30957		5.78E+07		7.59E+06		0.13125						64.10		8.38		0.1307833333

		7.07946		6.79E+07		8.99E+06		0.13243				7.07946		6.79E+07		8.91E+06		0.13128				7.07946		5.84E+07		7.75E+06		0.13269						64.72		8.55		0.1321333333

		7.94328		6.86E+07		9.16E+06		0.1335				7.94328		6.85E+07		9.07E+06		0.13246				7.94328		5.90E+07		7.89E+06		0.13374						65.36		8.71		0.1332333333

		8.91251		6.93E+07		9.34E+06		0.1349				8.91251		6.91E+07		9.25E+06		0.13385				8.91251		5.95E+07		8.04E+06		0.13503						65.98		8.88		0.1345933333

		10		6.99E+07		9.51E+06		0.13593				10		6.98E+07		9.40E+06		0.1347				10		6.01E+07		8.18E+06		0.13614						66.60		9.03		0.13559

		11.2202		7.07E+07		9.67E+06		0.13692				11.2202		7.04E+07		9.59E+06		0.13627				11.2202		6.07E+07		8.34E+06		0.13745						67.24		9.20		0.13688

		12.5893		7.13E+07		9.88E+06		0.13863				12.5893		7.10E+07		9.78E+06		0.1377				12.5893		6.13E+07		8.52E+06		0.13888						67.87		9.39		0.1384033333

		14.1254		7.20E+07		1.01E+07		0.13975				14.1254		7.17E+07		9.97E+06		0.139				14.1254		6.19E+07		8.67E+06		0.13991						68.54		9.56		0.1395533333

		15.8489		7.27E+07		1.03E+07		0.14137				15.8489		7.24E+07		1.02E+07		0.14038				15.8489		6.26E+07		8.80E+06		0.14064						69.23		9.75		0.1407966667

		17.7828		7.35E+07		1.05E+07		0.14292				17.7828		7.32E+07		1.04E+07		0.14186				17.7828		6.32E+07		9.02E+06		0.14278						69.95		9.97		0.14252

		19.9526		7.42E+07		1.07E+07		0.14426				19.9526		7.39E+07		1.06E+07		0.14331				19.9526		6.39E+07		9.20E+06		0.14402						70.68		10.17		0.1438633333

		22.3872		7.49E+07		1.09E+07		0.14533				22.3872		7.48E+07		1.08E+07		0.14473				22.3872		6.45E+07		9.35E+06		0.14502						71.40		10.35		0.1450266667

		25.1189		7.57E+07		1.11E+07		0.14659				25.1189		7.55E+07		1.10E+07		0.14605				25.1189		6.52E+07		9.54E+06		0.14647						72.13		10.56		0.14637

		28.1838		7.66E+07		1.13E+07		0.14801				28.1838		7.64E+07		1.13E+07		0.14732				28.1838		6.58E+07		9.72E+06		0.14761						72.92		10.77		0.1476466667

		31.6228		7.74E+07		1.16E+07		0.14939				31.6228		7.72E+07		1.15E+07		0.14833				31.6228		6.65E+07		9.88E+06		0.14855						73.70		10.96		0.1487566667

		35.4813		7.82E+07		1.18E+07		0.15026				35.4813		7.80E+07		1.17E+07		0.14949				35.4813		6.73E+07		1.01E+07		0.1498						74.49		11.16		0.14985

		39.8107		7.90E+07		1.20E+07		0.15138				39.8107		7.89E+07		1.19E+07		0.15065				39.8107		6.80E+07		1.03E+07		0.1508						75.32		11.37		0.1509433333

		44.6684		7.99E+07		1.22E+07		0.15234				44.6684		7.97E+07		1.21E+07		0.15207				44.6684		6.88E+07		1.05E+07		0.1522						76.14		11.59		0.1522033333

		50.1187		8.08E+07		1.24E+07		0.15342				50.1187		8.06E+07		1.23E+07		0.15306				50.1187		6.95E+07		1.07E+07		0.15346						76.99		11.80		0.1533133333

		56.2341		8.18E+07		1.27E+07		0.15474				56.2341		8.16E+07		1.25E+07		0.15373				56.2341		7.03E+07		1.08E+07		0.15422						77.90		12.01		0.15423

		63.0957		8.28E+07		1.29E+07		0.15538				63.0957		8.26E+07		1.28E+07		0.15501				63.0957		7.11E+07		1.10E+07		0.15481						78.81		12.22		0.1550666667

		70.7946		8.37E+07		1.32E+07		0.15726				70.7946		8.36E+07		1.30E+07		0.15563				70.7946		7.20E+07		1.12E+07		0.15578						79.77		12.46		0.1562233333

		79.4328		8.47E+07		1.33E+07		0.15696				79.4328		8.46E+07		1.32E+07		0.15631				79.4328		7.29E+07		1.14E+07		0.15653						80.70		12.64		0.1566

		89.1251		8.57E+07		1.35E+07		0.15745				89.1251		8.55E+07		1.35E+07		0.15737				89.1251		7.38E+07		1.16E+07		0.15692						81.65		12.84		0.1572466667

		100		8.67E+07		1.37E+07		0.15791				100		8.65E+07		1.36E+07		0.1574				100		7.46E+07		1.18E+07		0.15764						82.60		13.02		0.15765





0.2%

		

		0.20%

																																		Average										STDEV

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta				E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		Mpa		MPa						Pa		Pa

		1		3.72E+08		3.98E+07		0.10674				1		3.40E+08		3.75E+07		0.1104				1		3.10E+08		3.49E+07		0.11283								340.65		37.40		0.10999				31392456.1001525

		1.12202		3.76E+08		4.00E+07		0.1063				1.12202		3.44E+08		3.79E+07		0.11033				1.12202		3.13E+08		3.46E+07		0.11071								344.11		37.50		0.1091133333				31479241.3080959

		1.25893		3.79E+08		4.03E+07		0.10623				1.25893		3.47E+08		3.79E+07		0.1091				1.25893		3.15E+08		3.52E+07		0.11152								347.15		37.77		0.10895				31935095.1149359

		1.41254		3.82E+08		4.09E+07		0.10705				1.41254		3.50E+08		3.82E+07		0.10929				1.41254		3.18E+08		3.56E+07		0.11204								349.97		38.25		0.10946				32370823.7975701

		1.58489		3.86E+08		4.15E+07		0.10762				1.58489		3.53E+08		3.86E+07		0.10939				1.58489		3.21E+08		3.59E+07		0.11185								353.12		38.66		0.10962				32365046.4750683

		1.77828		3.89E+08		4.22E+07		0.10845				1.77828		3.56E+08		3.93E+07		0.11038				1.77828		3.23E+08		3.62E+07		0.1121								355.96		39.23		0.11031				32760554.0246193

		1.99526		3.92E+08		4.26E+07		0.10869				1.99526		3.59E+08		4.00E+07		0.11161				1.99526		3.26E+08		3.67E+07		0.11259								358.95		39.79		0.1109633333				33245300.9210826

		2.23872		3.95E+08		4.35E+07		0.11007				2.23872		3.62E+08		4.04E+07		0.11165				2.23872		3.29E+08		3.73E+07		0.11352								362.03		40.42		0.1117466667				33280312.9993294

		2.51189		3.99E+08		4.43E+07		0.11106				2.51189		3.65E+08		4.14E+07		0.11334				2.51189		3.31E+08		3.79E+07		0.11426								365.03		41.17		0.1128866667				33610833.5709386

		2.81838		4.02E+08		4.46E+07		0.11097				2.81838		3.68E+08		4.25E+07		0.11546				2.81838		3.34E+08		3.90E+07		0.11687								367.98		42.04		0.1144333333				34070862.9183354

		3.16228		4.05E+08		4.57E+07		0.11272				3.16228		3.71E+08		4.25E+07		0.11446				3.16228		3.37E+08		3.97E+07		0.11779								371.22		42.63		0.11499				34255020.5566036

		3.54813		4.08E+08		4.64E+07		0.1137				3.54813		3.75E+08		4.36E+07		0.11626				3.54813		3.40E+08		3.99E+07		0.11732								374.27		43.29		0.11576				34381630.7544208

		3.98107		4.12E+08		4.73E+07		0.11477				3.98107		3.78E+08		4.45E+07		0.1176				3.98107		3.43E+08		4.10E+07		0.11962								377.62		44.25		0.11733				34702489.8242187

		4.46684		4.15E+08		4.82E+07		0.11592				4.46684		3.81E+08		4.54E+07		0.11913				4.46684		3.45E+08		4.15E+07		0.12007								380.73		45.02		0.1183733333				35044851.7379277

		5.01187		4.19E+08		4.93E+07		0.1176				5.01187		3.85E+08		4.60E+07		0.11963				5.01187		3.48E+08		4.22E+07		0.12114								383.96		45.83		0.1194566667				35404521.3685107

		5.62341		4.23E+08		5.00E+07		0.1183				5.62341		3.88E+08		4.68E+07		0.12069				5.62341		3.51E+08		4.31E+07		0.12254								387.44		46.64		0.12051				35675249.5903439

		6.30957		4.26E+08		5.10E+07		0.1197				6.30957		3.92E+08		4.79E+07		0.12226				6.30957		3.54E+08		4.38E+07		0.12359								390.80		47.57		0.12185				35936241.2243314

		7.07946		4.30E+08		5.19E+07		0.12079				7.07946		3.95E+08		4.89E+07		0.12369				7.07946		3.58E+08		4.45E+07		0.12449								394.23		48.44		0.12299				36172847.5517203

		7.94328		4.34E+08		5.30E+07		0.12226				7.94328		3.99E+08		4.95E+07		0.12416				7.94328		3.61E+08		4.55E+07		0.12613								397.76		49.35		0.1241833333				36513756.768283

		8.91251		4.38E+08		5.39E+07		0.1232				8.91251		4.02E+08		5.06E+07		0.12588				8.91251		3.64E+08		4.63E+07		0.12705								401.41		50.28		0.1253766667				36772838.2550672

		10		4.42E+08		5.52E+07		0.12486				10		4.06E+08		5.15E+07		0.12685				10		3.67E+08		4.72E+07		0.12853								405.07		51.30		0.1267466667				37260886.9996408

		11.2202		4.46E+08		5.61E+07		0.12594				11.2202		4.10E+08		5.27E+07		0.12873				11.2202		3.71E+08		4.81E+07		0.12966								408.85		52.33		0.12811				37422938.1529564

		12.5893		4.50E+08		5.72E+07		0.12709				12.5893		4.14E+08		5.37E+07		0.12974				12.5893		3.74E+08		4.91E+07		0.13108								412.62		53.30		0.1293033333				37796502.9246534

		14.1254		4.54E+08		5.83E+07		0.12847				14.1254		4.18E+08		5.49E+07		0.13153				14.1254		3.78E+08		5.00E+07		0.13227								416.49		54.41		0.1307566667				38218281.4021423

		15.8489		4.58E+08		5.94E+07		0.12956				15.8489		4.22E+08		5.60E+07		0.13283				15.8489		3.82E+08		5.11E+07		0.134								420.58		55.52		0.13213				38362557.7006191

		17.7828		4.63E+08		6.09E+07		0.13156				17.7828		4.26E+08		5.72E+07		0.13428				17.7828		3.85E+08		5.21E+07		0.13536								424.53		56.72		0.1337333333				38819146.0493401

		19.9526		4.67E+08		6.21E+07		0.13288				19.9526		4.30E+08		5.83E+07		0.13565				19.9526		3.89E+08		5.31E+07		0.13656								428.67		57.84		0.13503				39060469.7872414

		22.3872		4.72E+08		6.33E+07		0.13422				22.3872		4.34E+08		5.96E+07		0.1372				22.3872		3.93E+08		5.43E+07		0.13814								432.97		59.06		0.13652				39457410.3728734

		25.1189		4.76E+08		6.44E+07		0.13522				25.1189		4.39E+08		6.05E+07		0.13784				25.1189		3.97E+08		5.53E+07		0.1393								437.29		60.05		0.1374533333				39836280.3651813

		28.1838		4.81E+08		6.57E+07		0.13651				28.1838		4.43E+08		6.17E+07		0.13921				28.1838		4.01E+08		5.64E+07		0.14081								441.70		61.27		0.1388433333				40207601.2714014

		31.6228		4.86E+08		6.70E+07		0.13791				31.6228		4.48E+08		6.32E+07		0.14122				31.6228		4.05E+08		5.74E+07		0.14194								446.11		62.56		0.1403566667				40714369.6991615

		35.4813		4.91E+08		6.83E+07		0.13915				35.4813		4.52E+08		6.44E+07		0.14231				35.4813		4.09E+08		5.87E+07		0.14339								450.67		63.76		0.1416166667				40831224.5713988

		39.8107		4.96E+08		6.97E+07		0.14051				39.8107		4.57E+08		6.56E+07		0.14367				39.8107		4.13E+08		5.95E+07		0.14401								455.32		64.94		0.14273				41261403.6762364

		44.6684		5.01E+08		7.11E+07		0.14187				44.6684		4.61E+08		6.66E+07		0.14446				44.6684		4.17E+08		6.05E+07		0.14499								459.80		66.06		0.1437733333				41819823.4493324

		50.1187		5.06E+08		7.23E+07		0.14291				50.1187		4.67E+08		6.82E+07		0.14622				50.1187		4.21E+08		6.19E+07		0.14705								464.48		67.47		0.1453933333				42517202.7929088

		56.2341		5.11E+08		7.36E+07		0.14393				56.2341		4.71E+08		6.95E+07		0.14737				56.2341		4.25E+08		6.29E+07		0.14795								469.26		68.65		0.1464166667				42871335.8006644

		63.0957		5.17E+08		7.50E+07		0.14507				63.0957		4.76E+08		7.03E+07		0.14752				63.0957		4.30E+08		6.38E+07		0.14831								474.44		69.68		0.1469666667				43315573.7966535

		70.7946		5.22E+08		7.55E+07		0.14465				70.7946		4.82E+08		7.22E+07		0.14973				70.7946		4.34E+08		6.51E+07		0.15								479.28		70.92		0.1481266667				44067540.208185

		79.4328		5.28E+08		7.72E+07		0.14618				79.4328		4.87E+08		7.28E+07		0.1495				79.4328		4.39E+08		6.65E+07		0.15155								484.77		72.19		0.1490766667				44563093.474309

		89.1251		5.33E+08		7.86E+07		0.14749				89.1251		4.92E+08		7.39E+07		0.15012				89.1251		4.44E+08		6.69E+07		0.15063								489.76		73.13		0.1494133333				44620887.4855711

		100		5.40E+08		7.91E+07		0.14652				100		4.98E+08		7.50E+07		0.15062				100		4.48E+08		6.79E+07		0.15132								495.30		73.97		0.1494866667				45616545.6093875





0.6%

		

		0.60%

																																		Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		MPa		MPa

		1		1.75E+08		2.04E+07		0.11676				1		1.48E+08		1.74E+07		0.11742				1		1.88E+08		2.10E+07		0.11135								170.22		19.57		0.1151766667

		1.12202		1.76E+08		2.04E+07		0.11555				1.12202		1.49E+08		1.73E+07		0.11572				1.12202		1.90E+08		2.12E+07		0.11155								171.79		19.61		0.1142733333

		1.25893		1.78E+08		2.08E+07		0.11666				1.25893		1.51E+08		1.75E+07		0.11633				1.25893		1.91E+08		2.13E+07		0.11169								173.21		19.87		0.1148933333

		1.41254		1.79E+08		2.09E+07		0.11623				1.41254		1.52E+08		1.77E+07		0.1163				1.41254		1.93E+08		2.17E+07		0.11272								174.66		20.08		0.1150833333

		1.58489		1.81E+08		2.11E+07		0.11682				1.58489		1.53E+08		1.79E+07		0.11666				1.58489		1.94E+08		2.19E+07		0.11264								176.11		20.30		0.1153733333

		1.77828		1.83E+08		2.14E+07		0.11719				1.77828		1.54E+08		1.81E+07		0.11711				1.77828		1.96E+08		2.22E+07		0.11366								177.52		20.57		0.1159866667

		1.99526		1.84E+08		2.18E+07		0.11826				1.99526		1.56E+08		1.82E+07		0.11696				1.99526		1.97E+08		2.25E+07		0.11402								179.07		20.83		0.1164133333

		2.23872		1.86E+08		2.21E+07		0.11885				2.23872		1.57E+08		1.88E+07		0.11938				2.23872		1.99E+08		2.29E+07		0.11537								180.55		21.25		0.1178666667

		2.51189		1.87E+08		2.24E+07		0.11945				2.51189		1.58E+08		1.90E+07		0.12				2.51189		2.00E+08		2.33E+07		0.11645								182.00		21.57		0.1186333333

		2.81838		1.89E+08		2.29E+07		0.1214				2.81838		1.60E+08		1.92E+07		0.12037				2.81838		2.02E+08		2.37E+07		0.11744								183.66		21.97		0.1197366667

		3.16228		1.91E+08		2.33E+07		0.12208				3.16228		1.61E+08		1.95E+07		0.12092				3.16228		2.04E+08		2.41E+07		0.1183								185.21		22.29		0.1204333333

		3.54813		1.93E+08		2.36E+07		0.12275				3.54813		1.62E+08		1.99E+07		0.12219				3.54813		2.05E+08		2.44E+07		0.11898								186.72		22.63		0.1213066667

		3.98107		1.94E+08		2.40E+07		0.12357				3.98107		1.64E+08		2.01E+07		0.1224				3.98107		2.07E+08		2.48E+07		0.11996								188.40		22.97		0.1219766667

		4.46684		1.96E+08		2.44E+07		0.12444				4.46684		1.65E+08		2.05E+07		0.12406				4.46684		2.09E+08		2.53E+07		0.12132								190.04		23.41		0.1232733333

		5.01187		1.98E+08		2.48E+07		0.12555				5.01187		1.67E+08		2.09E+07		0.12498				5.01187		2.11E+08		2.59E+07		0.12281								191.75		23.85		0.1244466667

		5.62341		1.99E+08		2.53E+07		0.12681				5.62341		1.69E+08		2.12E+07		0.126				5.62341		2.12E+08		2.62E+07		0.12328								193.44		24.24		0.1253633333

		6.30957		2.01E+08		2.57E+07		0.12768				6.30957		1.70E+08		2.16E+07		0.12729				6.30957		2.14E+08		2.66E+07		0.12415								195.19		24.65		0.1263733333

		7.07946		2.03E+08		2.62E+07		0.12881				7.07946		1.72E+08		2.19E+07		0.12773				7.07946		2.16E+08		2.71E+07		0.12544								196.94		25.06		0.1273266667

		7.94328		2.05E+08		2.66E+07		0.12958				7.94328		1.73E+08		2.23E+07		0.12875				7.94328		2.18E+08		2.75E+07		0.12587								198.75		25.44		0.1280666667

		8.91251		2.07E+08		2.70E+07		0.13047				8.91251		1.75E+08		2.27E+07		0.12974				8.91251		2.20E+08		2.81E+07		0.12749								200.61		25.91		0.1292333333

		10		2.09E+08		2.75E+07		0.13177				10		1.76E+08		2.31E+07		0.13079				10		2.22E+08		2.86E+07		0.12853								202.49		26.38		0.1303633333

		11.2202		2.11E+08		2.80E+07		0.13268				11.2202		1.78E+08		2.35E+07		0.13197				11.2202		2.24E+08		2.90E+07		0.1295								204.42		26.84		0.1313833333

		12.5893		2.13E+08		2.84E+07		0.13346				12.5893		1.80E+08		2.39E+07		0.13275				12.5893		2.26E+08		2.95E+07		0.13047								206.32		27.27		0.1322266667

		14.1254		2.15E+08		2.89E+07		0.13467				14.1254		1.82E+08		2.44E+07		0.13415				14.1254		2.28E+08		3.00E+07		0.1315								208.33		27.78		0.13344

		15.8489		2.17E+08		2.94E+07		0.13554				15.8489		1.83E+08		2.48E+07		0.13525				15.8489		2.31E+08		3.06E+07		0.13248								210.41		28.27		0.1344233333

		17.7828		2.19E+08		3.01E+07		0.13703				17.7828		1.85E+08		2.52E+07		0.13619				17.7828		2.33E+08		3.13E+07		0.13455								212.46		28.87		0.1359233333

		19.9526		2.22E+08		3.07E+07		0.13868				19.9526		1.87E+08		2.57E+07		0.13741				19.9526		2.35E+08		3.18E+07		0.13531								214.60		29.42		0.1371333333

		22.3872		2.24E+08		3.12E+07		0.13923				22.3872		1.89E+08		2.62E+07		0.13866				22.3872		2.37E+08		3.24E+07		0.13641								216.77		29.92		0.1381

		25.1189		2.26E+08		3.18E+07		0.14087				25.1189		1.91E+08		2.67E+07		0.13969				25.1189		2.40E+08		3.30E+07		0.13747								218.85		30.48		0.1393433333

		28.1838		2.28E+08		3.23E+07		0.14167				28.1838		1.93E+08		2.71E+07		0.14042				28.1838		2.42E+08		3.36E+07		0.1388								220.94		30.99		0.1402966667

		31.6228		2.30E+08		3.29E+07		0.14279				31.6228		1.95E+08		2.76E+07		0.14167				31.6228		2.45E+08		3.42E+07		0.13979								223.17		31.55		0.1414166667

		35.4813		2.33E+08		3.34E+07		0.14369				35.4813		1.97E+08		2.81E+07		0.14314				35.4813		2.47E+08		3.48E+07		0.14092								225.47		32.13		0.1425833333

		39.8107		2.35E+08		3.40E+07		0.14469				39.8107		1.99E+08		2.85E+07		0.14372				39.8107		2.50E+08		3.54E+07		0.14177								227.76		32.65		0.1433933333

		44.6684		2.38E+08		3.45E+07		0.14512				44.6684		2.01E+08		2.89E+07		0.1441				44.6684		2.52E+08		3.60E+07		0.14293								230.19		33.15		0.14405

		50.1187		2.40E+08		3.51E+07		0.14599				50.1187		2.03E+08		2.95E+07		0.14536				50.1187		2.55E+08		3.67E+07		0.14388								232.62		33.74		0.1450766667

		56.2341		2.43E+08		3.57E+07		0.14703				56.2341		2.05E+08		2.99E+07		0.14596				56.2341		2.57E+08		3.71E+07		0.14422								235.14		34.26		0.1457366667

		63.0957		2.46E+08		3.62E+07		0.14749				63.0957		2.07E+08		3.03E+07		0.14619				63.0957		2.60E+08		3.76E+07		0.14442								237.67		34.70		0.1460333333

		70.7946		2.48E+08		3.68E+07		0.14816				70.7946		2.09E+08		3.09E+07		0.14759				70.7946		2.63E+08		3.84E+07		0.14593								240.27		35.36		0.1472266667

		79.4328		2.51E+08		3.71E+07		0.14788				79.4328		2.12E+08		3.12E+07		0.14727				79.4328		2.66E+08		3.88E+07		0.14573								242.89		35.68		0.14696

		89.1251		2.54E+08		3.75E+07		0.14795				89.1251		2.14E+08		3.14E+07		0.14672				89.1251		2.69E+08		3.90E+07		0.1452								245.57		36.00		0.1466233333

		100		2.57E+08		3.81E+07		0.14836				100		2.17E+08		3.21E+07		0.14798				100		2.72E+08		4.00E+07		0.14704								248.49		36.72		0.1477933333





1%

		

		1%

																																		Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		MPa		MPa

		1		1.03E+08		1.25E+07		0.12194				1		1.52E+08		1.83E+07		0.12016				1		1.25E+08		1.56E+07		0.12417								126.70		15.45		0.12209

		1.12202		1.04E+08		1.26E+07		0.12151				1.12202		1.54E+08		1.84E+07		0.11959				1.12202		1.27E+08		1.55E+07		0.12261								127.99		15.50		0.1212366667

		1.25893		1.05E+08		1.27E+07		0.12105				1.25893		1.55E+08		1.84E+07		0.11861				1.25893		1.28E+08		1.55E+07		0.12157								129.22		15.54		0.12041

		1.41254		1.06E+08		1.29E+07		0.12195				1.41254		1.56E+08		1.86E+07		0.1193				1.41254		1.29E+08		1.57E+07		0.12159								130.32		15.74		0.1209466667

		1.58489		1.07E+08		1.30E+07		0.12156				1.58489		1.58E+08		1.88E+07		0.1195				1.58489		1.30E+08		1.58E+07		0.12167								131.56		15.89		0.12091

		1.77828		1.08E+08		1.32E+07		0.12227				1.77828		1.59E+08		1.90E+07		0.11932				1.77828		1.31E+08		1.59E+07		0.12147								132.68		16.03		0.12102

		1.99526		1.09E+08		1.33E+07		0.12209				1.99526		1.60E+08		1.92E+07		0.11992				1.99526		1.33E+08		1.62E+07		0.12213								133.81		16.22		0.12138

		2.23872		1.10E+08		1.36E+07		0.12371				2.23872		1.61E+08		1.96E+07		0.12115				2.23872		1.34E+08		1.66E+07		0.1236								135.18		16.58		0.12282

		2.51189		1.11E+08		1.38E+07		0.12452				2.51189		1.63E+08		1.98E+07		0.12188				2.51189		1.35E+08		1.69E+07		0.12467								136.33		16.84		0.12369

		2.81838		1.12E+08		1.40E+07		0.12519				2.81838		1.64E+08		2.02E+07		0.12281				2.81838		1.37E+08		1.69E+07		0.1235								137.70		17.03		0.1238333333

		3.16228		1.13E+08		1.44E+07		0.12681				3.16228		1.66E+08		2.05E+07		0.12404				3.16228		1.38E+08		1.71E+07		0.12421								138.95		17.35		0.12502

		3.54813		1.14E+08		1.44E+07		0.12581				3.54813		1.67E+08		2.08E+07		0.12452				3.54813		1.39E+08		1.75E+07		0.12575								140.08		17.55		0.12536

		3.98107		1.15E+08		1.46E+07		0.12725				3.98107		1.69E+08		2.11E+07		0.12517				3.98107		1.40E+08		1.78E+07		0.12656								141.36		17.84		0.1263266667

		4.46684		1.16E+08		1.50E+07		0.12893				4.46684		1.70E+08		2.14E+07		0.12603				4.46684		1.42E+08		1.80E+07		0.12703								142.60		18.13		0.12733

		5.01187		1.17E+08		1.52E+07		0.12963				5.01187		1.72E+08		2.18E+07		0.12681				5.01187		1.43E+08		1.82E+07		0.12752								143.93		18.40		0.1279866667

		5.62341		1.19E+08		1.55E+07		0.13077				5.62341		1.73E+08		2.22E+07		0.12821				5.62341		1.44E+08		1.88E+07		0.13001								145.40		18.83		0.1296633333

		6.30957		1.20E+08		1.57E+07		0.13133				6.30957		1.75E+08		2.25E+07		0.12873				6.30957		1.46E+08		1.90E+07		0.13033								146.59		19.05		0.13013

		7.07946		1.21E+08		1.60E+07		0.13247				7.07946		1.76E+08		2.29E+07		0.12963				7.07946		1.47E+08		1.92E+07		0.13047								148.01		19.34		0.1308566667

		7.94328		1.22E+08		1.63E+07		0.13343				7.94328		1.78E+08		2.33E+07		0.13086				7.94328		1.48E+08		1.96E+07		0.13199								149.39		19.71		0.1320933333

		8.91251		1.23E+08		1.66E+07		0.1346				8.91251		1.80E+08		2.35E+07		0.13108				8.91251		1.50E+08		1.99E+07		0.13295								150.79		20.00		0.1328766667

		10		1.24E+08		1.69E+07		0.13603				10		1.81E+08		2.41E+07		0.13283				10		1.51E+08		2.02E+07		0.13342								152.22		20.38		0.1340933333

		11.2202		1.26E+08		1.72E+07		0.13711				11.2202		1.83E+08		2.44E+07		0.13342				11.2202		1.53E+08		2.06E+07		0.13498								153.72		20.74		0.13517

		12.5893		1.27E+08		1.75E+07		0.13778				12.5893		1.85E+08		2.49E+07		0.13479				12.5893		1.54E+08		2.09E+07		0.13568								155.20		21.09		0.1360833333

		14.1254		1.28E+08		1.78E+07		0.13901				14.1254		1.87E+08		2.53E+07		0.13541				14.1254		1.56E+08		2.13E+07		0.1367								156.75		21.45		0.13704

		15.8489		1.29E+08		1.81E+07		0.14017				15.8489		1.88E+08		2.57E+07		0.13656				15.8489		1.57E+08		2.16E+07		0.13764								158.33		21.83		0.1381233333

		17.7828		1.31E+08		1.85E+07		0.14174				17.7828		1.90E+08		2.63E+07		0.13823				17.7828		1.59E+08		2.20E+07		0.13877								159.90		22.28		0.13958

		19.9526		1.32E+08		1.88E+07		0.14259				19.9526		1.92E+08		2.67E+07		0.13891				19.9526		1.60E+08		2.25E+07		0.14025								161.48		22.67		0.1405833333

		22.3872		1.33E+08		1.92E+07		0.14383				22.3872		1.94E+08		2.72E+07		0.14024				22.3872		1.62E+08		2.28E+07		0.14076								163.14		23.07		0.14161

		25.1189		1.35E+08		1.95E+07		0.14478				25.1189		1.96E+08		2.77E+07		0.14138				25.1189		1.64E+08		2.33E+07		0.14227								164.88		23.51		0.14281

		28.1838		1.36E+08		1.99E+07		0.14582				28.1838		1.98E+08		2.81E+07		0.14203				28.1838		1.65E+08		2.37E+07		0.14315								166.54		23.89		0.1436666667

		31.6228		1.38E+08		2.03E+07		0.1471				31.6228		2.00E+08		2.87E+07		0.14323				31.6228		1.67E+08		2.40E+07		0.14371								168.36		24.32		0.14468

		35.4813		1.39E+08		2.06E+07		0.14818				35.4813		2.02E+08		2.91E+07		0.14401				35.4813		1.69E+08		2.44E+07		0.14478								170.08		24.73		0.1456566667

		39.8107		1.41E+08		2.10E+07		0.14923				39.8107		2.04E+08		2.96E+07		0.1448				39.8107		1.71E+08		2.47E+07		0.14475								171.94		25.10		0.14626

		44.6684		1.43E+08		2.13E+07		0.14929				44.6684		2.07E+08		3.00E+07		0.14546				44.6684		1.72E+08		2.52E+07		0.14638								173.82		25.52		0.1470433333

		50.1187		1.44E+08		2.17E+07		0.15087				50.1187		2.09E+08		3.04E+07		0.14582				50.1187		1.74E+08		2.55E+07		0.14685								175.45		25.89		0.1478466667

		56.2341		1.46E+08		2.20E+07		0.15088				56.2341		2.11E+08		3.11E+07		0.14743				56.2341		1.76E+08		2.59E+07		0.14719								177.39		26.31		0.1485

		63.0957		1.47E+08		2.24E+07		0.15195				63.0957		2.13E+08		3.16E+07		0.14823				63.0957		1.78E+08		2.63E+07		0.148								179.34		26.75		0.1493933333

		70.7946		1.49E+08		2.27E+07		0.15201				70.7946		2.15E+08		3.18E+07		0.14752				70.7946		1.79E+08		2.64E+07		0.14716								181.30		26.95		0.1488966667

		79.4328		1.51E+08		2.29E+07		0.15222				79.4328		2.18E+08		3.24E+07		0.1488				79.4328		1.81E+08		2.71E+07		0.14946								183.27		27.48		0.15016

		89.1251		1.52E+08		2.31E+07		0.15144				89.1251		2.20E+08		3.28E+07		0.14915				89.1251		1.84E+08		2.75E+07		0.14964								185.31		27.79		0.1500766667

		100		1.54E+08		2.35E+07		0.15289				100		2.23E+08		3.31E+07		0.14866				100		1.85E+08		2.76E+07		0.1488								187.41		28.09		0.1501166667





2%

		

		2%

																																		Average

												Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta

												rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		Pa		Pa

												1		2.24E+08		2.71E+07		0.12112				1		2.14E+08		2.51E+07		0.11728								2.19E+08		2.61E+07		0.1192

												1.12202		2.26E+08		2.71E+07		0.11969				1.12202		2.16E+08		2.53E+07		0.11677								2.21E+08		2.62E+07		0.11823

												1.25893		2.29E+08		2.72E+07		0.11878				1.25893		2.18E+08		2.56E+07		0.1173								2.23E+08		2.64E+07		0.11804

												1.41254		2.32E+08		2.74E+07		0.11844				1.41254		2.20E+08		2.58E+07		0.11737								2.26E+08		2.66E+07		0.117905

												1.58489		2.34E+08		2.78E+07		0.11892				1.58489		2.21E+08		2.61E+07		0.11787								2.27E+08		2.69E+07		0.118395

												1.77828		2.36E+08		2.80E+07		0.11881				1.77828		2.23E+08		2.64E+07		0.11834								2.30E+08		2.72E+07		0.118575

												1.99526		2.38E+08		2.84E+07		0.11933				1.99526		2.25E+08		2.67E+07		0.1189								2.32E+08		2.76E+07		0.119115

												2.23872		2.40E+08		2.90E+07		0.12058				2.23872		2.27E+08		2.72E+07		0.11981								2.34E+08		2.81E+07		0.120195

												2.51189		2.43E+08		2.96E+07		0.12192				2.51189		2.29E+08		2.77E+07		0.12119								2.36E+08		2.87E+07		0.121555

												2.81838		2.45E+08		3.01E+07		0.12284				2.81838		2.31E+08		2.81E+07		0.12157								2.38E+08		2.91E+07		0.122205

												3.16228		2.47E+08		3.03E+07		0.12284				3.16228		2.33E+08		2.85E+07		0.12243								2.40E+08		2.94E+07		0.122635

												3.54813		2.49E+08		3.10E+07		0.12445				3.54813		2.35E+08		2.91E+07		0.12409								2.42E+08		3.01E+07		0.12427

												3.98107		2.51E+08		3.15E+07		0.12535				3.98107		2.37E+08		2.95E+07		0.12451								2.44E+08		3.05E+07		0.12493

												4.46684		2.54E+08		3.21E+07		0.1262				4.46684		2.39E+08		2.99E+07		0.12518								2.46E+08		3.10E+07		0.12569

												5.01187		2.56E+08		3.23E+07		0.12609				5.01187		2.41E+08		3.03E+07		0.12585								2.49E+08		3.13E+07		0.12597

												5.62341		2.58E+08		3.31E+07		0.12797				5.62341		2.43E+08		3.09E+07		0.12703								2.51E+08		3.20E+07		0.1275

												6.30957		2.61E+08		3.38E+07		0.12941				6.30957		2.45E+08		3.16E+07		0.12885								2.53E+08		3.27E+07		0.12913

												7.07946		2.64E+08		3.45E+07		0.13067				7.07946		2.48E+08		3.19E+07		0.12899								2.56E+08		3.32E+07		0.12983

												7.94328		2.66E+08		3.51E+07		0.13182				7.94328		2.50E+08		3.25E+07		0.13021								2.58E+08		3.38E+07		0.131015

												8.91251		2.69E+08		3.57E+07		0.13286				8.91251		2.52E+08		3.31E+07		0.13134								2.60E+08		3.44E+07		0.1321

												10		2.71E+08		3.66E+07		0.13488				10		2.55E+08		3.37E+07		0.13233								2.63E+08		3.51E+07		0.133605

												11.2202		2.74E+08		3.70E+07		0.13519				11.2202		2.57E+08		3.42E+07		0.13321								2.65E+08		3.56E+07		0.1342

												12.5893		2.77E+08		3.75E+07		0.13553				12.5893		2.59E+08		3.48E+07		0.13424								2.68E+08		3.62E+07		0.134885

												14.1254		2.79E+08		3.84E+07		0.13747				14.1254		2.62E+08		3.55E+07		0.13537								2.71E+08		3.69E+07		0.13642

												15.8489		2.82E+08		3.91E+07		0.13869				15.8489		2.65E+08		3.60E+07		0.13617								2.73E+08		3.76E+07		0.13743

												17.7828		2.85E+08		4.01E+07		0.14068				17.7828		2.68E+08		3.69E+07		0.13763								2.76E+08		3.85E+07		0.139155

												19.9526		2.88E+08		4.08E+07		0.14157				19.9526		2.71E+08		3.75E+07		0.13871								2.79E+08		3.91E+07		0.14014

												22.3872		2.91E+08		4.16E+07		0.14284				22.3872		2.73E+08		3.82E+07		0.13986								2.82E+08		3.99E+07		0.14135

												25.1189		2.94E+08		4.23E+07		0.1439				25.1189		2.76E+08		3.89E+07		0.141								2.85E+08		4.06E+07		0.14245

												28.1838		2.97E+08		4.33E+07		0.14572				28.1838		2.78E+08		3.95E+07		0.14189								2.88E+08		4.14E+07		0.143805

												31.6228		3.00E+08		4.42E+07		0.14717				31.6228		2.81E+08		4.02E+07		0.14278								2.91E+08		4.22E+07		0.144975

												35.4813		3.03E+08		4.50E+07		0.14819				35.4813		2.84E+08		4.09E+07		0.1441								2.94E+08		4.30E+07		0.146145

												39.8107		3.07E+08		4.59E+07		0.14959				39.8107		2.87E+08		4.16E+07		0.14484								2.97E+08		4.37E+07		0.147215

												44.6684		3.10E+08		4.65E+07		0.15025				44.6684		2.90E+08		4.22E+07		0.14549								3.00E+08		4.44E+07		0.14787

												50.1187		3.13E+08		4.73E+07		0.15102				50.1187		2.93E+08		4.29E+07		0.14629								3.03E+08		4.51E+07		0.148655

												56.2341		3.17E+08		4.83E+07		0.1524				56.2341		2.97E+08		4.36E+07		0.14697								3.07E+08		4.60E+07		0.149685

												63.0957		3.21E+08		4.88E+07		0.15218				63.0957		3.00E+08		4.43E+07		0.1478								3.10E+08		4.66E+07		0.14999

												70.7946		3.23E+08		4.93E+07		0.15268				70.7946		3.03E+08		4.50E+07		0.14853								3.13E+08		4.72E+07		0.150605

												79.4328		3.28E+08		5.07E+07		0.15485				79.4328		3.06E+08		4.53E+07		0.14777								3.17E+08		4.80E+07		0.15131

												89.1251		3.31E+08		5.18E+07		0.15636				89.1251		3.10E+08		4.60E+07		0.14859								3.20E+08		4.89E+07		0.152475

												100		3.35E+08		5.22E+07		0.15593				100		3.14E+08		4.66E+07		0.14855								3.24E+08		4.94E+07		0.15224





4%

		

		4%

		1										2										3												Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		Pa		Pa

		1		8.42E+07		1.14E+07		0.13495				1		9.97E+07		1.27E+07		0.12726				1		9.10E+07		1.13E+07		0.124								9.16E+07		1.18E+07		0.1287366667

		1.12202		8.50E+07		1.13E+07		0.13351				1.12202		1.01E+08		1.29E+07		0.12763				1.12202		9.23E+07		1.13E+07		0.12283								9.27E+07		1.18E+07		0.12799

		1.25893		8.59E+07		1.14E+07		0.13272				1.25893		1.02E+08		1.29E+07		0.12656				1.25893		9.35E+07		1.14E+07		0.12242								9.37E+07		1.19E+07		0.1272333333

		1.41254		8.66E+07		1.14E+07		0.13197				1.41254		1.03E+08		1.30E+07		0.12679				1.41254		9.47E+07		1.16E+07		0.12235								9.47E+07		1.20E+07		0.1270366667

		1.58489		8.75E+07		1.15E+07		0.13202				1.58489		1.04E+08		1.32E+07		0.12726				1.58489		9.57E+07		1.17E+07		0.12246								9.57E+07		1.22E+07		0.1272466667

		1.77828		8.83E+07		1.17E+07		0.13258				1.77828		1.05E+08		1.34E+07		0.12755				1.77828		9.67E+07		1.19E+07		0.12339								9.66E+07		1.23E+07		0.12784

		1.99526		8.91E+07		1.18E+07		0.13266				1.99526		1.06E+08		1.35E+07		0.12809				1.99526		9.77E+07		1.21E+07		0.12408								9.75E+07		1.25E+07		0.1282766667

		2.23872		8.98E+07		1.20E+07		0.13389				2.23872		1.07E+08		1.38E+07		0.12907				2.23872		9.87E+07		1.24E+07		0.12551								9.84E+07		1.27E+07		0.12949

		2.51189		9.06E+07		1.22E+07		0.13459				2.51189		1.08E+08		1.40E+07		0.12977				2.51189		9.97E+07		1.25E+07		0.12581								9.93E+07		1.29E+07		0.1300566667

		2.81838		9.15E+07		1.23E+07		0.13482				2.81838		1.09E+08		1.42E+07		0.13071				2.81838		1.01E+08		1.27E+07		0.12591								1.00E+08		1.31E+07		0.13048

		3.16228		9.23E+07		1.26E+07		0.13635				3.16228		1.10E+08		1.45E+07		0.13171				3.16228		1.02E+08		1.29E+07		0.12712								1.01E+08		1.33E+07		0.1317266667

		3.54813		9.31E+07		1.27E+07		0.13592				3.54813		1.11E+08		1.47E+07		0.13222				3.54813		1.03E+08		1.32E+07		0.12844								1.02E+08		1.35E+07		0.1321933333

		3.98107		9.40E+07		1.29E+07		0.13732				3.98107		1.12E+08		1.49E+07		0.13293				3.98107		1.04E+08		1.34E+07		0.12931								1.03E+08		1.37E+07		0.1331866667

		4.46684		9.48E+07		1.31E+07		0.13847				4.46684		1.13E+08		1.51E+07		0.13392				4.46684		1.05E+08		1.36E+07		0.13011								1.04E+08		1.40E+07		0.1341666667

		5.01187		9.57E+07		1.33E+07		0.13923				5.01187		1.14E+08		1.54E+07		0.13529				5.01187		1.06E+08		1.39E+07		0.13154								1.05E+08		1.42E+07		0.1353533333

		5.62341		9.66E+07		1.35E+07		0.14019				5.62341		1.15E+08		1.57E+07		0.13599				5.62341		1.07E+08		1.41E+07		0.13199								1.06E+08		1.44E+07		0.1360566667

		6.30957		9.75E+07		1.37E+07		0.1405				6.30957		1.16E+08		1.59E+07		0.13708				6.30957		1.08E+08		1.44E+07		0.13342								1.07E+08		1.47E+07		0.137

		7.07946		9.86E+07		1.40E+07		0.14199				7.07946		1.17E+08		1.62E+07		0.13772				7.07946		1.09E+08		1.47E+07		0.13471								1.08E+08		1.49E+07		0.13814

		7.94328		9.95E+07		1.42E+07		0.14285				7.94328		1.19E+08		1.65E+07		0.13882				7.94328		1.10E+08		1.50E+07		0.1361								1.09E+08		1.52E+07		0.1392566667

		8.91251		1.00E+08		1.44E+07		0.14356				8.91251		1.20E+08		1.68E+07		0.14014				8.91251		1.11E+08		1.52E+07		0.13707								1.10E+08		1.55E+07		0.1402566667

		10		1.01E+08		1.47E+07		0.14465				10		1.21E+08		1.71E+07		0.14112				10		1.12E+08		1.55E+07		0.13793								1.12E+08		1.57E+07		0.1412333333

		11.2202		1.02E+08		1.49E+07		0.14564				11.2202		1.22E+08		1.74E+07		0.14221				11.2202		1.13E+08		1.58E+07		0.13921								1.13E+08		1.60E+07		0.1423533333

		12.5893		1.04E+08		1.52E+07		0.14638				12.5893		1.23E+08		1.77E+07		0.14324				12.5893		1.15E+08		1.61E+07		0.14046								1.14E+08		1.63E+07		0.14336

		14.1254		1.05E+08		1.54E+07		0.14718				14.1254		1.25E+08		1.79E+07		0.14379				14.1254		1.16E+08		1.64E+07		0.14178								1.15E+08		1.66E+07		0.14425

		15.8489		1.06E+08		1.57E+07		0.14871				15.8489		1.26E+08		1.82E+07		0.14471				15.8489		1.17E+08		1.67E+07		0.14272								1.16E+08		1.69E+07		0.14538

		17.7828		1.07E+08		1.60E+07		0.14999				17.7828		1.27E+08		1.87E+07		0.14661				17.7828		1.18E+08		1.71E+07		0.14447								1.17E+08		1.73E+07		0.1470233333

		19.9526		1.08E+08		1.63E+07		0.15072				19.9526		1.29E+08		1.89E+07		0.14717				19.9526		1.19E+08		1.74E+07		0.14553								1.19E+08		1.75E+07		0.1478066667

		22.3872		1.09E+08		1.66E+07		0.15173				22.3872		1.30E+08		1.93E+07		0.14851				22.3872		1.21E+08		1.77E+07		0.14685								1.20E+08		1.79E+07		0.14903

		25.1189		1.10E+08		1.68E+07		0.15276				25.1189		1.31E+08		1.97E+07		0.14963				25.1189		1.22E+08		1.80E+07		0.14797								1.21E+08		1.82E+07		0.15012

		28.1838		1.11E+08		1.70E+07		0.15295				28.1838		1.33E+08		2.00E+07		0.15035				28.1838		1.23E+08		1.84E+07		0.14951								1.22E+08		1.85E+07		0.1509366667

		31.6228		1.13E+08		1.74E+07		0.15423				31.6228		1.34E+08		2.03E+07		0.1514				31.6228		1.25E+08		1.88E+07		0.15063								1.24E+08		1.88E+07		0.1520866667
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69.681

34.6963333333

26.7526666667

4.3583333333

70.9186666667

35.3623333333

26.9476666667
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72.1886666667

35.6846666667

27.4813333333

4.501
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35.999

27.7856666667

4.5808

73.9676666667

36.7193333333
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neat

		

		neat

		1		1								2										3												Average										STDEV

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta				E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		MPa		MPa						Pa		Pa								Freq		E'				E"

		1		2.29E+07		2.46E+06		0.10729				1		2.38E+07		2.74E+06		0.115				1		1.51E+07		1.96E+06		0.12998								20.62		2.39		0.1174233333				4797716.78335991		393419.170012511								rad/s		Pa		stdev		Pa		stdev

		1.12202		2.31E+07		2.48E+06		0.10715				1.12202		2.41E+07		2.74E+06		0.11387				1.12202		1.53E+07		1.95E+06		0.12754								20.83		2.39		0.1161866667				4828684.84510362		404316.658078789								1		2.06E+07		4797716.78335991

		1.25893		2.33E+07		2.51E+06		0.10794				1.25893		2.43E+07		2.79E+06		0.11474				1.25893		1.55E+07		1.96E+06		0.12632								21.04		2.42		0.1163333333				4839591.02955336		426387.151932763								10		2.47E+07		5540437.52784922

		1.41254		2.35E+07		2.55E+06		0.10844				1.41254		2.46E+07		2.81E+06		0.1142				1.41254		1.57E+07		1.95E+06		0.12471								21.25		2.44		0.1157833333				4872331.37214619		438816.525820683								100		3.06E+07		6182148.8443205

		1.58489		2.36E+07		2.58E+06		0.1093				1.58489		2.48E+07		2.83E+06		0.11404				1.58489		1.58E+07		1.97E+06		0.12479								21.43		2.46		0.1160433333				4904992.592587		442726.917335431

		1.77828		2.38E+07		2.62E+06		0.11023				1.77828		2.51E+07		2.89E+06		0.11524				1.77828		1.60E+07		2.00E+06		0.12496								21.62		2.50		0.11681				4936202.89291273		459584.620427331

		1.99526		2.40E+07		2.67E+06		0.1113				1.99526		2.53E+07		2.91E+06		0.11503				1.99526		1.61E+07		2.02E+06		0.12523								21.81		2.53		0.1171866667				4969883.93559984		461920.537899468

		2.23872		2.42E+07		2.70E+06		0.11158				2.23872		2.56E+07		2.97E+06		0.11626				2.23872		1.63E+07		2.05E+06		0.12591								22.01		2.57		0.1179166667				4999991.23332565		472600.003526591

		2.51189		2.43E+07		2.76E+06		0.11328				2.51189		2.58E+07		3.02E+06		0.11711				2.51189		1.65E+07		2.09E+06		0.12653								22.21		2.62		0.1189733333				4984500.20898117		479005.730654655

		2.81838		2.46E+07		2.82E+06		0.11476				2.81838		2.60E+07		3.03E+06		0.11648				2.81838		1.67E+07		2.10E+06		0.12572								22.43		2.65		0.1189866667				5006214.83757939		487199.45607523

		3.16228		2.48E+07		2.86E+06		0.11573				3.16228		2.62E+07		3.09E+06		0.1178				3.16228		1.69E+07		2.13E+06		0.12652								22.62		2.70		0.1200166667				5036568.50775738		500046.331186755

		3.54813		2.49E+07		2.88E+06		0.11553				3.54813		2.65E+07		3.16E+06		0.11916				3.54813		1.69E+07		2.14E+06		0.12684								22.77		2.73		0.12051				5148764.15592454		523777.570475611

		3.98107		2.52E+07		2.95E+06		0.11721				3.98107		2.67E+07		3.19E+06		0.11947				3.98107		1.71E+07		2.15E+06		0.12546								23.01		2.76		0.1207133333				5147081.1469544		545766.241169239

		4.46684		2.54E+07		3.01E+06		0.11862				4.46684		2.70E+07		3.26E+06		0.12067				4.46684		1.73E+07		2.22E+06		0.12815								23.22		2.83		0.12248				5181545.16851232		542019.48611958

		5.01187		2.56E+07		3.07E+06		0.12023				5.01187		2.72E+07		3.30E+06		0.12122				5.01187		1.74E+07		2.24E+06		0.12881								23.40		2.87		0.12342				5279299.48004468		560188.935389958

		5.62341		2.58E+07		3.14E+06		0.12173				5.62341		2.75E+07		3.36E+06		0.12215				5.62341		1.75E+07		2.28E+06		0.12985								23.61		2.93		0.1245766667				5318443.97670347		570730.526021987

		6.30957		2.60E+07		3.18E+06		0.12232				6.30957		2.78E+07		3.42E+06		0.12322				6.30957		1.78E+07		2.31E+06		0.12976								23.86		2.97		0.1251				5321475.01481811		585178.126727239

		7.07946		2.62E+07		3.25E+06		0.12378				7.07946		2.80E+07		3.48E+06		0.12418				7.07946		1.80E+07		2.38E+06		0.13241								24.07		3.03		0.12679				5357272.56477896		579395.176024102

		7.94328		2.65E+07		3.30E+06		0.12477				7.94328		2.83E+07		3.55E+06		0.12573				7.94328		1.82E+07		2.40E+06		0.13232								24.29		3.09		0.1276066667				5394797.5865643		605643.715397097

		8.91251		2.67E+07		3.38E+06		0.12658				8.91251		2.85E+07		3.62E+06		0.12678				8.91251		1.82E+07		2.44E+06		0.13346								24.50		3.14		0.12894				5492030.25604679		626004.480814634

		10		2.69E+07		3.43E+06		0.12736				10		2.88E+07		3.67E+06		0.12749				10		1.84E+07		2.48E+06		0.13444								24.73		3.19		0.1297633333				5540437.52784922		632982.340459301

		11.2202		2.72E+07		3.50E+06		0.12889				11.2202		2.91E+07		3.75E+06		0.12874				11.2202		1.87E+07		2.52E+06		0.13467								24.99		3.26		0.1307666667				5544891.97369976		651726.087657487

		12.5893		2.74E+07		3.57E+06		0.13034				12.5893		2.94E+07		3.81E+06		0.12954				12.5893		1.88E+07		2.56E+06		0.13626								25.20		3.31		0.1320466667				5636668.01695234		662712.5168578

		14.1254		2.77E+07		3.63E+06		0.13132				14.1254		2.97E+07		3.89E+06		0.131				14.1254		1.90E+07		2.60E+06		0.13695								25.44		3.37		0.13309				5682710.29820572		682025.485838567

		15.8489		2.79E+07		3.70E+06		0.13235				15.8489		3.00E+07		3.95E+06		0.13202				15.8489		1.92E+07		2.65E+06		0.1382								25.69		3.43		0.13419				5733303.96310307		691471.158714036

		17.7828		2.82E+07		3.80E+06		0.13469				17.7828		3.04E+07		4.05E+06		0.1335				17.7828		1.94E+07		2.71E+06		0.13984								25.99		3.52		0.13601				5822208.97369146		714038.334638507

		19.9526		2.85E+07		3.87E+06		0.13586				19.9526		3.07E+07		4.14E+06		0.13488				19.9526		1.96E+07		2.75E+06		0.14064								26.25		3.59		0.1371266667				5872830.18086964		733476.354992669

		22.3872		2.88E+07		3.95E+06		0.13724				22.3872		3.09E+07		4.20E+06		0.1361				22.3872		1.98E+07		2.80E+06		0.14149								26.48		3.65		0.1382766667				5889477.65086175		747278.348408409

		25.1189		2.90E+07		4.03E+06		0.13865				25.1189		3.12E+07		4.30E+06		0.13789				25.1189		2.00E+07		2.86E+06		0.1426								26.75		3.73		0.1397133333				5925020.36564714		767775.36428307

		28.1838		2.93E+07		4.10E+06		0.13965				28.1838		3.15E+07		4.37E+06		0.13871				28.1838		2.02E+07		2.90E+06		0.14321								27.03		3.79		0.1405233333				5977109.41843965		782771.399153886

		31.6228		2.96E+07		4.19E+06		0.14156				31.6228		3.18E+07		4.46E+06		0.14026				31.6228		2.05E+07		2.95E+06		0.14396								27.31		3.87		0.1419266667				6020350.57118769		809070.790063102

		35.4813		2.99E+07		4.26E+06		0.14215				35.4813		3.22E+07		4.56E+06		0.1417				35.4813		2.07E+07		3.01E+06		0.14557								27.59		3.94		0.14314				6077066.39753097		818287.824260713

		39.8107		3.02E+07		4.34E+06		0.14382				39.8107		3.25E+07		4.63E+06		0.1424				39.8107		2.10E+07		3.06E+06		0.14561								27.89		4.01		0.1439433333				6085985.21194391		836728.811105087

		44.6684		3.05E+07		4.43E+06		0.14531				44.6684		3.28E+07		4.72E+06		0.14384				44.6684		2.12E+07		3.10E+06		0.14606								28.19		4.09		0.14507				6133624.89343237		864160.959158265

		50.1187		3.08E+07		4.51E+06		0.14645				50.1187		3.32E+07		4.82E+06		0.14525				50.1187		2.15E+07		3.18E+06		0.14749								28.51		4.17		0.1463966667				6159556.99164585		874546.798824015

		56.2341		3.11E+07		4.59E+06		0.14756				56.2341		3.35E+07		4.88E+06		0.14539				56.2341		2.18E+07		3.20E+06		0.14666								28.83		4.22		0.1465366667				6186822.04366668		896985.975364164

		63.0957		3.15E+07		4.66E+06		0.14826				63.0957		3.39E+07		4.97E+06		0.14654				63.0957		2.21E+07		3.27E+06		0.14759								29.17		4.30		0.1474633333				6202240.15981323		906186.652958429

		70.7946		3.18E+07		4.75E+06		0.14961				70.7946		3.42E+07		5.09E+06		0.14864				70.7946		2.25E+07		3.23E+06		0.14404								29.48		4.36		0.14743				6208945.99214176		987516.239528916

		79.4328		3.21E+07		4.83E+06		0.15025				79.4328		3.46E+07		5.15E+06		0.14859				79.4328		2.29E+07		3.39E+06		0.14847								29.87		4.46		0.1491033333				6203159.38319605		933438.648224938

		89.1251		3.25E+07		4.89E+06		0.15061				89.1251		3.51E+07		5.22E+06		0.14885				89.1251		2.32E+07		3.39E+06		0.14598								30.26		4.50		0.14848				6219697.82224185		974484.946009942

		100		3.28E+07		5.01E+06		0.15299				100		3.55E+07		5.28E+06		0.14892				100		2.37E+07		3.45E+06		0.1456								30.64		4.58		0.14917				6182148.8443205		991513.94846467





0.05%

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		5.79E+07		6.83E+06		0.11803				1		5.81E+07		6.92E+06		0.11918				1		4.98E+07		6.11E+06		0.12273						55.25		6.62		0.11998

		1.12202		5.85E+07		6.89E+06		0.11771				1.12202		5.87E+07		6.92E+06		0.1179				1.12202		5.04E+07		6.10E+06		0.12106						55.89		6.64		0.11889

		1.25893		5.91E+07		6.95E+06		0.11764				1.25893		5.93E+07		7.00E+06		0.11793				1.25893		5.09E+07		6.10E+06		0.11984						56.45		6.68		0.11847

		1.41254		5.96E+07		7.10E+06		0.11904				1.41254		5.99E+07		7.09E+06		0.11838				1.41254		5.14E+07		6.19E+06		0.12037						56.97		6.79		0.1192633333

		1.58489		6.02E+07		7.15E+06		0.1187				1.58489		6.04E+07		7.15E+06		0.11826				1.58489		5.18E+07		6.23E+06		0.12012						57.50		6.84		0.1190266667

		1.77828		6.07E+07		7.27E+06		0.11974				1.77828		6.09E+07		7.26E+06		0.11916				1.77828		5.23E+07		6.31E+06		0.12057						58.01		6.95		0.1198233333

		1.99526		6.13E+07		7.40E+06		0.12065				1.99526		6.15E+07		7.35E+06		0.11955				1.99526		5.28E+07		6.38E+06		0.12075						58.54		7.04		0.1203166667

		2.23872		6.19E+07		7.53E+06		0.12159				2.23872		6.20E+07		7.49E+06		0.12084				2.23872		5.33E+07		6.56E+06		0.12307						59.08		7.19		0.1218333333

		2.51189		6.24E+07		7.62E+06		0.1221				2.51189		6.25E+07		7.57E+06		0.12107				2.51189		5.38E+07		6.62E+06		0.12317						59.58		7.27		0.1221133333

		2.81838		6.30E+07		7.78E+06		0.12353				2.81838		6.31E+07		7.78E+06		0.12318				2.81838		5.42E+07		6.73E+06		0.12418						60.12		7.43		0.12363

		3.16228		6.36E+07		7.92E+06		0.12459				3.16228		6.37E+07		7.92E+06		0.12431				3.16228		5.47E+07		6.84E+06		0.12504						60.66		7.56		0.1246466667

		3.54813		6.42E+07		8.07E+06		0.12568				3.54813		6.42E+07		7.95E+06		0.12375				3.54813		5.51E+07		6.95E+06		0.12599						61.20		7.66		0.12514

		3.98107		6.47E+07		8.19E+06		0.12647				3.98107		6.49E+07		8.13E+06		0.12533				3.98107		5.56E+07		7.04E+06		0.12671						61.73		7.79		0.12617

		4.46684		6.54E+07		8.35E+06		0.12771				4.46684		6.55E+07		8.30E+06		0.12674				4.46684		5.62E+07		7.20E+06		0.12806						62.34		7.95		0.1275033333

		5.01187		6.60E+07		8.48E+06		0.12855				5.01187		6.60E+07		8.43E+06		0.12775				5.01187		5.68E+07		7.32E+06		0.12906						62.91		8.08		0.1284533333

		5.62341		6.66E+07		8.61E+06		0.12931				5.62341		6.66E+07		8.59E+06		0.12901				5.62341		5.73E+07		7.43E+06		0.12978						63.49		8.21		0.1293666667

		6.30957		6.72E+07		8.79E+06		0.1308				6.30957		6.72E+07		8.76E+06		0.1303				6.30957		5.78E+07		7.59E+06		0.13125						64.10		8.38		0.1307833333

		7.07946		6.79E+07		8.99E+06		0.13243				7.07946		6.79E+07		8.91E+06		0.13128				7.07946		5.84E+07		7.75E+06		0.13269						64.72		8.55		0.1321333333

		7.94328		6.86E+07		9.16E+06		0.1335				7.94328		6.85E+07		9.07E+06		0.13246				7.94328		5.90E+07		7.89E+06		0.13374						65.36		8.71		0.1332333333

		8.91251		6.93E+07		9.34E+06		0.1349				8.91251		6.91E+07		9.25E+06		0.13385				8.91251		5.95E+07		8.04E+06		0.13503						65.98		8.88		0.1345933333

		10		6.99E+07		9.51E+06		0.13593				10		6.98E+07		9.40E+06		0.1347				10		6.01E+07		8.18E+06		0.13614						66.60		9.03		0.13559

		11.2202		7.07E+07		9.67E+06		0.13692				11.2202		7.04E+07		9.59E+06		0.13627				11.2202		6.07E+07		8.34E+06		0.13745						67.24		9.20		0.13688

		12.5893		7.13E+07		9.88E+06		0.13863				12.5893		7.10E+07		9.78E+06		0.1377				12.5893		6.13E+07		8.52E+06		0.13888						67.87		9.39		0.1384033333

		14.1254		7.20E+07		1.01E+07		0.13975				14.1254		7.17E+07		9.97E+06		0.139				14.1254		6.19E+07		8.67E+06		0.13991						68.54		9.56		0.1395533333

		15.8489		7.27E+07		1.03E+07		0.14137				15.8489		7.24E+07		1.02E+07		0.14038				15.8489		6.26E+07		8.80E+06		0.14064						69.23		9.75		0.1407966667

		17.7828		7.35E+07		1.05E+07		0.14292				17.7828		7.32E+07		1.04E+07		0.14186				17.7828		6.32E+07		9.02E+06		0.14278						69.95		9.97		0.14252

		19.9526		7.42E+07		1.07E+07		0.14426				19.9526		7.39E+07		1.06E+07		0.14331				19.9526		6.39E+07		9.20E+06		0.14402						70.68		10.17		0.1438633333

		22.3872		7.49E+07		1.09E+07		0.14533				22.3872		7.48E+07		1.08E+07		0.14473				22.3872		6.45E+07		9.35E+06		0.14502						71.40		10.35		0.1450266667

		25.1189		7.57E+07		1.11E+07		0.14659				25.1189		7.55E+07		1.10E+07		0.14605				25.1189		6.52E+07		9.54E+06		0.14647						72.13		10.56		0.14637

		28.1838		7.66E+07		1.13E+07		0.14801				28.1838		7.64E+07		1.13E+07		0.14732				28.1838		6.58E+07		9.72E+06		0.14761						72.92		10.77		0.1476466667

		31.6228		7.74E+07		1.16E+07		0.14939				31.6228		7.72E+07		1.15E+07		0.14833				31.6228		6.65E+07		9.88E+06		0.14855						73.70		10.96		0.1487566667

		35.4813		7.82E+07		1.18E+07		0.15026				35.4813		7.80E+07		1.17E+07		0.14949				35.4813		6.73E+07		1.01E+07		0.1498						74.49		11.16		0.14985

		39.8107		7.90E+07		1.20E+07		0.15138				39.8107		7.89E+07		1.19E+07		0.15065				39.8107		6.80E+07		1.03E+07		0.1508						75.32		11.37		0.1509433333

		44.6684		7.99E+07		1.22E+07		0.15234				44.6684		7.97E+07		1.21E+07		0.15207				44.6684		6.88E+07		1.05E+07		0.1522						76.14		11.59		0.1522033333

		50.1187		8.08E+07		1.24E+07		0.15342				50.1187		8.06E+07		1.23E+07		0.15306				50.1187		6.95E+07		1.07E+07		0.15346						76.99		11.80		0.1533133333

		56.2341		8.18E+07		1.27E+07		0.15474				56.2341		8.16E+07		1.25E+07		0.15373				56.2341		7.03E+07		1.08E+07		0.15422						77.90		12.01		0.15423

		63.0957		8.28E+07		1.29E+07		0.15538				63.0957		8.26E+07		1.28E+07		0.15501				63.0957		7.11E+07		1.10E+07		0.15481						78.81		12.22		0.1550666667

		70.7946		8.37E+07		1.32E+07		0.15726				70.7946		8.36E+07		1.30E+07		0.15563				70.7946		7.20E+07		1.12E+07		0.15578						79.77		12.46		0.1562233333

		79.4328		8.47E+07		1.33E+07		0.15696				79.4328		8.46E+07		1.32E+07		0.15631				79.4328		7.29E+07		1.14E+07		0.15653						80.70		12.64		0.1566

		89.1251		8.57E+07		1.35E+07		0.15745				89.1251		8.55E+07		1.35E+07		0.15737				89.1251		7.38E+07		1.16E+07		0.15692						81.65		12.84		0.1572466667

		100		8.67E+07		1.37E+07		0.15791				100		8.65E+07		1.36E+07		0.1574				100		7.46E+07		1.18E+07		0.15764						82.60		13.02		0.15765





0.2%

		

		0.20%

																																		Average										STDEV

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta				E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		Mpa		MPa						Pa		Pa

		1		3.72E+08		3.98E+07		0.10674				1		3.40E+08		3.75E+07		0.1104				1		3.10E+08		3.49E+07		0.11283								340.65		37.40		0.10999				31392456.1001525

		1.12202		3.76E+08		4.00E+07		0.1063				1.12202		3.44E+08		3.79E+07		0.11033				1.12202		3.13E+08		3.46E+07		0.11071								344.11		37.50		0.1091133333				31479241.3080959

		1.25893		3.79E+08		4.03E+07		0.10623				1.25893		3.47E+08		3.79E+07		0.1091				1.25893		3.15E+08		3.52E+07		0.11152								347.15		37.77		0.10895				31935095.1149359

		1.41254		3.82E+08		4.09E+07		0.10705				1.41254		3.50E+08		3.82E+07		0.10929				1.41254		3.18E+08		3.56E+07		0.11204								349.97		38.25		0.10946				32370823.7975701

		1.58489		3.86E+08		4.15E+07		0.10762				1.58489		3.53E+08		3.86E+07		0.10939				1.58489		3.21E+08		3.59E+07		0.11185								353.12		38.66		0.10962				32365046.4750683

		1.77828		3.89E+08		4.22E+07		0.10845				1.77828		3.56E+08		3.93E+07		0.11038				1.77828		3.23E+08		3.62E+07		0.1121								355.96		39.23		0.11031				32760554.0246193

		1.99526		3.92E+08		4.26E+07		0.10869				1.99526		3.59E+08		4.00E+07		0.11161				1.99526		3.26E+08		3.67E+07		0.11259								358.95		39.79		0.1109633333				33245300.9210826

		2.23872		3.95E+08		4.35E+07		0.11007				2.23872		3.62E+08		4.04E+07		0.11165				2.23872		3.29E+08		3.73E+07		0.11352								362.03		40.42		0.1117466667				33280312.9993294

		2.51189		3.99E+08		4.43E+07		0.11106				2.51189		3.65E+08		4.14E+07		0.11334				2.51189		3.31E+08		3.79E+07		0.11426								365.03		41.17		0.1128866667				33610833.5709386

		2.81838		4.02E+08		4.46E+07		0.11097				2.81838		3.68E+08		4.25E+07		0.11546				2.81838		3.34E+08		3.90E+07		0.11687								367.98		42.04		0.1144333333				34070862.9183354

		3.16228		4.05E+08		4.57E+07		0.11272				3.16228		3.71E+08		4.25E+07		0.11446				3.16228		3.37E+08		3.97E+07		0.11779								371.22		42.63		0.11499				34255020.5566036

		3.54813		4.08E+08		4.64E+07		0.1137				3.54813		3.75E+08		4.36E+07		0.11626				3.54813		3.40E+08		3.99E+07		0.11732								374.27		43.29		0.11576				34381630.7544208

		3.98107		4.12E+08		4.73E+07		0.11477				3.98107		3.78E+08		4.45E+07		0.1176				3.98107		3.43E+08		4.10E+07		0.11962								377.62		44.25		0.11733				34702489.8242187

		4.46684		4.15E+08		4.82E+07		0.11592				4.46684		3.81E+08		4.54E+07		0.11913				4.46684		3.45E+08		4.15E+07		0.12007								380.73		45.02		0.1183733333				35044851.7379277

		5.01187		4.19E+08		4.93E+07		0.1176				5.01187		3.85E+08		4.60E+07		0.11963				5.01187		3.48E+08		4.22E+07		0.12114								383.96		45.83		0.1194566667				35404521.3685107

		5.62341		4.23E+08		5.00E+07		0.1183				5.62341		3.88E+08		4.68E+07		0.12069				5.62341		3.51E+08		4.31E+07		0.12254								387.44		46.64		0.12051				35675249.5903439

		6.30957		4.26E+08		5.10E+07		0.1197				6.30957		3.92E+08		4.79E+07		0.12226				6.30957		3.54E+08		4.38E+07		0.12359								390.80		47.57		0.12185				35936241.2243314

		7.07946		4.30E+08		5.19E+07		0.12079				7.07946		3.95E+08		4.89E+07		0.12369				7.07946		3.58E+08		4.45E+07		0.12449								394.23		48.44		0.12299				36172847.5517203

		7.94328		4.34E+08		5.30E+07		0.12226				7.94328		3.99E+08		4.95E+07		0.12416				7.94328		3.61E+08		4.55E+07		0.12613								397.76		49.35		0.1241833333				36513756.768283

		8.91251		4.38E+08		5.39E+07		0.1232				8.91251		4.02E+08		5.06E+07		0.12588				8.91251		3.64E+08		4.63E+07		0.12705								401.41		50.28		0.1253766667				36772838.2550672

		10		4.42E+08		5.52E+07		0.12486				10		4.06E+08		5.15E+07		0.12685				10		3.67E+08		4.72E+07		0.12853								405.07		51.30		0.1267466667				37260886.9996408

		11.2202		4.46E+08		5.61E+07		0.12594				11.2202		4.10E+08		5.27E+07		0.12873				11.2202		3.71E+08		4.81E+07		0.12966								408.85		52.33		0.12811				37422938.1529564

		12.5893		4.50E+08		5.72E+07		0.12709				12.5893		4.14E+08		5.37E+07		0.12974				12.5893		3.74E+08		4.91E+07		0.13108								412.62		53.30		0.1293033333				37796502.9246534

		14.1254		4.54E+08		5.83E+07		0.12847				14.1254		4.18E+08		5.49E+07		0.13153				14.1254		3.78E+08		5.00E+07		0.13227								416.49		54.41		0.1307566667				38218281.4021423

		15.8489		4.58E+08		5.94E+07		0.12956				15.8489		4.22E+08		5.60E+07		0.13283				15.8489		3.82E+08		5.11E+07		0.134								420.58		55.52		0.13213				38362557.7006191

		17.7828		4.63E+08		6.09E+07		0.13156				17.7828		4.26E+08		5.72E+07		0.13428				17.7828		3.85E+08		5.21E+07		0.13536								424.53		56.72		0.1337333333				38819146.0493401

		19.9526		4.67E+08		6.21E+07		0.13288				19.9526		4.30E+08		5.83E+07		0.13565				19.9526		3.89E+08		5.31E+07		0.13656								428.67		57.84		0.13503				39060469.7872414

		22.3872		4.72E+08		6.33E+07		0.13422				22.3872		4.34E+08		5.96E+07		0.1372				22.3872		3.93E+08		5.43E+07		0.13814								432.97		59.06		0.13652				39457410.3728734

		25.1189		4.76E+08		6.44E+07		0.13522				25.1189		4.39E+08		6.05E+07		0.13784				25.1189		3.97E+08		5.53E+07		0.1393								437.29		60.05		0.1374533333				39836280.3651813

		28.1838		4.81E+08		6.57E+07		0.13651				28.1838		4.43E+08		6.17E+07		0.13921				28.1838		4.01E+08		5.64E+07		0.14081								441.70		61.27		0.1388433333				40207601.2714014

		31.6228		4.86E+08		6.70E+07		0.13791				31.6228		4.48E+08		6.32E+07		0.14122				31.6228		4.05E+08		5.74E+07		0.14194								446.11		62.56		0.1403566667				40714369.6991615

		35.4813		4.91E+08		6.83E+07		0.13915				35.4813		4.52E+08		6.44E+07		0.14231				35.4813		4.09E+08		5.87E+07		0.14339								450.67		63.76		0.1416166667				40831224.5713988

		39.8107		4.96E+08		6.97E+07		0.14051				39.8107		4.57E+08		6.56E+07		0.14367				39.8107		4.13E+08		5.95E+07		0.14401								455.32		64.94		0.14273				41261403.6762364

		44.6684		5.01E+08		7.11E+07		0.14187				44.6684		4.61E+08		6.66E+07		0.14446				44.6684		4.17E+08		6.05E+07		0.14499								459.80		66.06		0.1437733333				41819823.4493324

		50.1187		5.06E+08		7.23E+07		0.14291				50.1187		4.67E+08		6.82E+07		0.14622				50.1187		4.21E+08		6.19E+07		0.14705								464.48		67.47		0.1453933333				42517202.7929088

		56.2341		5.11E+08		7.36E+07		0.14393				56.2341		4.71E+08		6.95E+07		0.14737				56.2341		4.25E+08		6.29E+07		0.14795								469.26		68.65		0.1464166667				42871335.8006644

		63.0957		5.17E+08		7.50E+07		0.14507				63.0957		4.76E+08		7.03E+07		0.14752				63.0957		4.30E+08		6.38E+07		0.14831								474.44		69.68		0.1469666667				43315573.7966535

		70.7946		5.22E+08		7.55E+07		0.14465				70.7946		4.82E+08		7.22E+07		0.14973				70.7946		4.34E+08		6.51E+07		0.15								479.28		70.92		0.1481266667				44067540.208185

		79.4328		5.28E+08		7.72E+07		0.14618				79.4328		4.87E+08		7.28E+07		0.1495				79.4328		4.39E+08		6.65E+07		0.15155								484.77		72.19		0.1490766667				44563093.474309

		89.1251		5.33E+08		7.86E+07		0.14749				89.1251		4.92E+08		7.39E+07		0.15012				89.1251		4.44E+08		6.69E+07		0.15063								489.76		73.13		0.1494133333				44620887.4855711

		100		5.40E+08		7.91E+07		0.14652				100		4.98E+08		7.50E+07		0.15062				100		4.48E+08		6.79E+07		0.15132								495.30		73.97		0.1494866667				45616545.6093875





0.6%

		

		0.60%

																																		Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		MPa		MPa

		1		1.75E+08		2.04E+07		0.11676				1		1.48E+08		1.74E+07		0.11742				1		1.88E+08		2.10E+07		0.11135								170.22		19.57		0.1151766667

		1.12202		1.76E+08		2.04E+07		0.11555				1.12202		1.49E+08		1.73E+07		0.11572				1.12202		1.90E+08		2.12E+07		0.11155								171.79		19.61		0.1142733333

		1.25893		1.78E+08		2.08E+07		0.11666				1.25893		1.51E+08		1.75E+07		0.11633				1.25893		1.91E+08		2.13E+07		0.11169								173.21		19.87		0.1148933333

		1.41254		1.79E+08		2.09E+07		0.11623				1.41254		1.52E+08		1.77E+07		0.1163				1.41254		1.93E+08		2.17E+07		0.11272								174.66		20.08		0.1150833333

		1.58489		1.81E+08		2.11E+07		0.11682				1.58489		1.53E+08		1.79E+07		0.11666				1.58489		1.94E+08		2.19E+07		0.11264								176.11		20.30		0.1153733333

		1.77828		1.83E+08		2.14E+07		0.11719				1.77828		1.54E+08		1.81E+07		0.11711				1.77828		1.96E+08		2.22E+07		0.11366								177.52		20.57		0.1159866667

		1.99526		1.84E+08		2.18E+07		0.11826				1.99526		1.56E+08		1.82E+07		0.11696				1.99526		1.97E+08		2.25E+07		0.11402								179.07		20.83		0.1164133333

		2.23872		1.86E+08		2.21E+07		0.11885				2.23872		1.57E+08		1.88E+07		0.11938				2.23872		1.99E+08		2.29E+07		0.11537								180.55		21.25		0.1178666667

		2.51189		1.87E+08		2.24E+07		0.11945				2.51189		1.58E+08		1.90E+07		0.12				2.51189		2.00E+08		2.33E+07		0.11645								182.00		21.57		0.1186333333

		2.81838		1.89E+08		2.29E+07		0.1214				2.81838		1.60E+08		1.92E+07		0.12037				2.81838		2.02E+08		2.37E+07		0.11744								183.66		21.97		0.1197366667

		3.16228		1.91E+08		2.33E+07		0.12208				3.16228		1.61E+08		1.95E+07		0.12092				3.16228		2.04E+08		2.41E+07		0.1183								185.21		22.29		0.1204333333

		3.54813		1.93E+08		2.36E+07		0.12275				3.54813		1.62E+08		1.99E+07		0.12219				3.54813		2.05E+08		2.44E+07		0.11898								186.72		22.63		0.1213066667

		3.98107		1.94E+08		2.40E+07		0.12357				3.98107		1.64E+08		2.01E+07		0.1224				3.98107		2.07E+08		2.48E+07		0.11996								188.40		22.97		0.1219766667

		4.46684		1.96E+08		2.44E+07		0.12444				4.46684		1.65E+08		2.05E+07		0.12406				4.46684		2.09E+08		2.53E+07		0.12132								190.04		23.41		0.1232733333

		5.01187		1.98E+08		2.48E+07		0.12555				5.01187		1.67E+08		2.09E+07		0.12498				5.01187		2.11E+08		2.59E+07		0.12281								191.75		23.85		0.1244466667

		5.62341		1.99E+08		2.53E+07		0.12681				5.62341		1.69E+08		2.12E+07		0.126				5.62341		2.12E+08		2.62E+07		0.12328								193.44		24.24		0.1253633333

		6.30957		2.01E+08		2.57E+07		0.12768				6.30957		1.70E+08		2.16E+07		0.12729				6.30957		2.14E+08		2.66E+07		0.12415								195.19		24.65		0.1263733333

		7.07946		2.03E+08		2.62E+07		0.12881				7.07946		1.72E+08		2.19E+07		0.12773				7.07946		2.16E+08		2.71E+07		0.12544								196.94		25.06		0.1273266667

		7.94328		2.05E+08		2.66E+07		0.12958				7.94328		1.73E+08		2.23E+07		0.12875				7.94328		2.18E+08		2.75E+07		0.12587								198.75		25.44		0.1280666667

		8.91251		2.07E+08		2.70E+07		0.13047				8.91251		1.75E+08		2.27E+07		0.12974				8.91251		2.20E+08		2.81E+07		0.12749								200.61		25.91		0.1292333333

		10		2.09E+08		2.75E+07		0.13177				10		1.76E+08		2.31E+07		0.13079				10		2.22E+08		2.86E+07		0.12853								202.49		26.38		0.1303633333

		11.2202		2.11E+08		2.80E+07		0.13268				11.2202		1.78E+08		2.35E+07		0.13197				11.2202		2.24E+08		2.90E+07		0.1295								204.42		26.84		0.1313833333

		12.5893		2.13E+08		2.84E+07		0.13346				12.5893		1.80E+08		2.39E+07		0.13275				12.5893		2.26E+08		2.95E+07		0.13047								206.32		27.27		0.1322266667

		14.1254		2.15E+08		2.89E+07		0.13467				14.1254		1.82E+08		2.44E+07		0.13415				14.1254		2.28E+08		3.00E+07		0.1315								208.33		27.78		0.13344

		15.8489		2.17E+08		2.94E+07		0.13554				15.8489		1.83E+08		2.48E+07		0.13525				15.8489		2.31E+08		3.06E+07		0.13248								210.41		28.27		0.1344233333

		17.7828		2.19E+08		3.01E+07		0.13703				17.7828		1.85E+08		2.52E+07		0.13619				17.7828		2.33E+08		3.13E+07		0.13455								212.46		28.87		0.1359233333

		19.9526		2.22E+08		3.07E+07		0.13868				19.9526		1.87E+08		2.57E+07		0.13741				19.9526		2.35E+08		3.18E+07		0.13531								214.60		29.42		0.1371333333

		22.3872		2.24E+08		3.12E+07		0.13923				22.3872		1.89E+08		2.62E+07		0.13866				22.3872		2.37E+08		3.24E+07		0.13641								216.77		29.92		0.1381

		25.1189		2.26E+08		3.18E+07		0.14087				25.1189		1.91E+08		2.67E+07		0.13969				25.1189		2.40E+08		3.30E+07		0.13747								218.85		30.48		0.1393433333

		28.1838		2.28E+08		3.23E+07		0.14167				28.1838		1.93E+08		2.71E+07		0.14042				28.1838		2.42E+08		3.36E+07		0.1388								220.94		30.99		0.1402966667

		31.6228		2.30E+08		3.29E+07		0.14279				31.6228		1.95E+08		2.76E+07		0.14167				31.6228		2.45E+08		3.42E+07		0.13979								223.17		31.55		0.1414166667

		35.4813		2.33E+08		3.34E+07		0.14369				35.4813		1.97E+08		2.81E+07		0.14314				35.4813		2.47E+08		3.48E+07		0.14092								225.47		32.13		0.1425833333

		39.8107		2.35E+08		3.40E+07		0.14469				39.8107		1.99E+08		2.85E+07		0.14372				39.8107		2.50E+08		3.54E+07		0.14177								227.76		32.65		0.1433933333

		44.6684		2.38E+08		3.45E+07		0.14512				44.6684		2.01E+08		2.89E+07		0.1441				44.6684		2.52E+08		3.60E+07		0.14293								230.19		33.15		0.14405

		50.1187		2.40E+08		3.51E+07		0.14599				50.1187		2.03E+08		2.95E+07		0.14536				50.1187		2.55E+08		3.67E+07		0.14388								232.62		33.74		0.1450766667

		56.2341		2.43E+08		3.57E+07		0.14703				56.2341		2.05E+08		2.99E+07		0.14596				56.2341		2.57E+08		3.71E+07		0.14422								235.14		34.26		0.1457366667

		63.0957		2.46E+08		3.62E+07		0.14749				63.0957		2.07E+08		3.03E+07		0.14619				63.0957		2.60E+08		3.76E+07		0.14442								237.67		34.70		0.1460333333

		70.7946		2.48E+08		3.68E+07		0.14816				70.7946		2.09E+08		3.09E+07		0.14759				70.7946		2.63E+08		3.84E+07		0.14593								240.27		35.36		0.1472266667

		79.4328		2.51E+08		3.71E+07		0.14788				79.4328		2.12E+08		3.12E+07		0.14727				79.4328		2.66E+08		3.88E+07		0.14573								242.89		35.68		0.14696

		89.1251		2.54E+08		3.75E+07		0.14795				89.1251		2.14E+08		3.14E+07		0.14672				89.1251		2.69E+08		3.90E+07		0.1452								245.57		36.00		0.1466233333

		100		2.57E+08		3.81E+07		0.14836				100		2.17E+08		3.21E+07		0.14798				100		2.72E+08		4.00E+07		0.14704								248.49		36.72		0.1477933333





1%

		

		1%

																																		Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		MPa		MPa

		1		1.03E+08		1.25E+07		0.12194				1		1.52E+08		1.83E+07		0.12016				1		1.25E+08		1.56E+07		0.12417								126.70		15.45		0.12209

		1.12202		1.04E+08		1.26E+07		0.12151				1.12202		1.54E+08		1.84E+07		0.11959				1.12202		1.27E+08		1.55E+07		0.12261								127.99		15.50		0.1212366667

		1.25893		1.05E+08		1.27E+07		0.12105				1.25893		1.55E+08		1.84E+07		0.11861				1.25893		1.28E+08		1.55E+07		0.12157								129.22		15.54		0.12041

		1.41254		1.06E+08		1.29E+07		0.12195				1.41254		1.56E+08		1.86E+07		0.1193				1.41254		1.29E+08		1.57E+07		0.12159								130.32		15.74		0.1209466667

		1.58489		1.07E+08		1.30E+07		0.12156				1.58489		1.58E+08		1.88E+07		0.1195				1.58489		1.30E+08		1.58E+07		0.12167								131.56		15.89		0.12091

		1.77828		1.08E+08		1.32E+07		0.12227				1.77828		1.59E+08		1.90E+07		0.11932				1.77828		1.31E+08		1.59E+07		0.12147								132.68		16.03		0.12102

		1.99526		1.09E+08		1.33E+07		0.12209				1.99526		1.60E+08		1.92E+07		0.11992				1.99526		1.33E+08		1.62E+07		0.12213								133.81		16.22		0.12138

		2.23872		1.10E+08		1.36E+07		0.12371				2.23872		1.61E+08		1.96E+07		0.12115				2.23872		1.34E+08		1.66E+07		0.1236								135.18		16.58		0.12282

		2.51189		1.11E+08		1.38E+07		0.12452				2.51189		1.63E+08		1.98E+07		0.12188				2.51189		1.35E+08		1.69E+07		0.12467								136.33		16.84		0.12369

		2.81838		1.12E+08		1.40E+07		0.12519				2.81838		1.64E+08		2.02E+07		0.12281				2.81838		1.37E+08		1.69E+07		0.1235								137.70		17.03		0.1238333333

		3.16228		1.13E+08		1.44E+07		0.12681				3.16228		1.66E+08		2.05E+07		0.12404				3.16228		1.38E+08		1.71E+07		0.12421								138.95		17.35		0.12502

		3.54813		1.14E+08		1.44E+07		0.12581				3.54813		1.67E+08		2.08E+07		0.12452				3.54813		1.39E+08		1.75E+07		0.12575								140.08		17.55		0.12536

		3.98107		1.15E+08		1.46E+07		0.12725				3.98107		1.69E+08		2.11E+07		0.12517				3.98107		1.40E+08		1.78E+07		0.12656								141.36		17.84		0.1263266667

		4.46684		1.16E+08		1.50E+07		0.12893				4.46684		1.70E+08		2.14E+07		0.12603				4.46684		1.42E+08		1.80E+07		0.12703								142.60		18.13		0.12733

		5.01187		1.17E+08		1.52E+07		0.12963				5.01187		1.72E+08		2.18E+07		0.12681				5.01187		1.43E+08		1.82E+07		0.12752								143.93		18.40		0.1279866667

		5.62341		1.19E+08		1.55E+07		0.13077				5.62341		1.73E+08		2.22E+07		0.12821				5.62341		1.44E+08		1.88E+07		0.13001								145.40		18.83		0.1296633333

		6.30957		1.20E+08		1.57E+07		0.13133				6.30957		1.75E+08		2.25E+07		0.12873				6.30957		1.46E+08		1.90E+07		0.13033								146.59		19.05		0.13013

		7.07946		1.21E+08		1.60E+07		0.13247				7.07946		1.76E+08		2.29E+07		0.12963				7.07946		1.47E+08		1.92E+07		0.13047								148.01		19.34		0.1308566667

		7.94328		1.22E+08		1.63E+07		0.13343				7.94328		1.78E+08		2.33E+07		0.13086				7.94328		1.48E+08		1.96E+07		0.13199								149.39		19.71		0.1320933333

		8.91251		1.23E+08		1.66E+07		0.1346				8.91251		1.80E+08		2.35E+07		0.13108				8.91251		1.50E+08		1.99E+07		0.13295								150.79		20.00		0.1328766667

		10		1.24E+08		1.69E+07		0.13603				10		1.81E+08		2.41E+07		0.13283				10		1.51E+08		2.02E+07		0.13342								152.22		20.38		0.1340933333

		11.2202		1.26E+08		1.72E+07		0.13711				11.2202		1.83E+08		2.44E+07		0.13342				11.2202		1.53E+08		2.06E+07		0.13498								153.72		20.74		0.13517

		12.5893		1.27E+08		1.75E+07		0.13778				12.5893		1.85E+08		2.49E+07		0.13479				12.5893		1.54E+08		2.09E+07		0.13568								155.20		21.09		0.1360833333

		14.1254		1.28E+08		1.78E+07		0.13901				14.1254		1.87E+08		2.53E+07		0.13541				14.1254		1.56E+08		2.13E+07		0.1367								156.75		21.45		0.13704

		15.8489		1.29E+08		1.81E+07		0.14017				15.8489		1.88E+08		2.57E+07		0.13656				15.8489		1.57E+08		2.16E+07		0.13764								158.33		21.83		0.1381233333

		17.7828		1.31E+08		1.85E+07		0.14174				17.7828		1.90E+08		2.63E+07		0.13823				17.7828		1.59E+08		2.20E+07		0.13877								159.90		22.28		0.13958

		19.9526		1.32E+08		1.88E+07		0.14259				19.9526		1.92E+08		2.67E+07		0.13891				19.9526		1.60E+08		2.25E+07		0.14025								161.48		22.67		0.1405833333

		22.3872		1.33E+08		1.92E+07		0.14383				22.3872		1.94E+08		2.72E+07		0.14024				22.3872		1.62E+08		2.28E+07		0.14076								163.14		23.07		0.14161

		25.1189		1.35E+08		1.95E+07		0.14478				25.1189		1.96E+08		2.77E+07		0.14138				25.1189		1.64E+08		2.33E+07		0.14227								164.88		23.51		0.14281

		28.1838		1.36E+08		1.99E+07		0.14582				28.1838		1.98E+08		2.81E+07		0.14203				28.1838		1.65E+08		2.37E+07		0.14315								166.54		23.89		0.1436666667

		31.6228		1.38E+08		2.03E+07		0.1471				31.6228		2.00E+08		2.87E+07		0.14323				31.6228		1.67E+08		2.40E+07		0.14371								168.36		24.32		0.14468

		35.4813		1.39E+08		2.06E+07		0.14818				35.4813		2.02E+08		2.91E+07		0.14401				35.4813		1.69E+08		2.44E+07		0.14478								170.08		24.73		0.1456566667

		39.8107		1.41E+08		2.10E+07		0.14923				39.8107		2.04E+08		2.96E+07		0.1448				39.8107		1.71E+08		2.47E+07		0.14475								171.94		25.10		0.14626

		44.6684		1.43E+08		2.13E+07		0.14929				44.6684		2.07E+08		3.00E+07		0.14546				44.6684		1.72E+08		2.52E+07		0.14638								173.82		25.52		0.1470433333

		50.1187		1.44E+08		2.17E+07		0.15087				50.1187		2.09E+08		3.04E+07		0.14582				50.1187		1.74E+08		2.55E+07		0.14685								175.45		25.89		0.1478466667

		56.2341		1.46E+08		2.20E+07		0.15088				56.2341		2.11E+08		3.11E+07		0.14743				56.2341		1.76E+08		2.59E+07		0.14719								177.39		26.31		0.1485

		63.0957		1.47E+08		2.24E+07		0.15195				63.0957		2.13E+08		3.16E+07		0.14823				63.0957		1.78E+08		2.63E+07		0.148								179.34		26.75		0.1493933333

		70.7946		1.49E+08		2.27E+07		0.15201				70.7946		2.15E+08		3.18E+07		0.14752				70.7946		1.79E+08		2.64E+07		0.14716								181.30		26.95		0.1488966667

		79.4328		1.51E+08		2.29E+07		0.15222				79.4328		2.18E+08		3.24E+07		0.1488				79.4328		1.81E+08		2.71E+07		0.14946								183.27		27.48		0.15016

		89.1251		1.52E+08		2.31E+07		0.15144				89.1251		2.20E+08		3.28E+07		0.14915				89.1251		1.84E+08		2.75E+07		0.14964								185.31		27.79		0.1500766667

		100		1.54E+08		2.35E+07		0.15289				100		2.23E+08		3.31E+07		0.14866				100		1.85E+08		2.76E+07		0.1488								187.41		28.09		0.1501166667





2%

		

		2%

																																		Average

												Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta

												rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		Pa		Pa

												1		2.24E+08		2.71E+07		0.12112				1		2.14E+08		2.51E+07		0.11728								2.19E+08		2.61E+07		0.1192

												1.12202		2.26E+08		2.71E+07		0.11969				1.12202		2.16E+08		2.53E+07		0.11677								2.21E+08		2.62E+07		0.11823

												1.25893		2.29E+08		2.72E+07		0.11878				1.25893		2.18E+08		2.56E+07		0.1173								2.23E+08		2.64E+07		0.11804

												1.41254		2.32E+08		2.74E+07		0.11844				1.41254		2.20E+08		2.58E+07		0.11737								2.26E+08		2.66E+07		0.117905

												1.58489		2.34E+08		2.78E+07		0.11892				1.58489		2.21E+08		2.61E+07		0.11787								2.27E+08		2.69E+07		0.118395

												1.77828		2.36E+08		2.80E+07		0.11881				1.77828		2.23E+08		2.64E+07		0.11834								2.30E+08		2.72E+07		0.118575

												1.99526		2.38E+08		2.84E+07		0.11933				1.99526		2.25E+08		2.67E+07		0.1189								2.32E+08		2.76E+07		0.119115

												2.23872		2.40E+08		2.90E+07		0.12058				2.23872		2.27E+08		2.72E+07		0.11981								2.34E+08		2.81E+07		0.120195

												2.51189		2.43E+08		2.96E+07		0.12192				2.51189		2.29E+08		2.77E+07		0.12119								2.36E+08		2.87E+07		0.121555

												2.81838		2.45E+08		3.01E+07		0.12284				2.81838		2.31E+08		2.81E+07		0.12157								2.38E+08		2.91E+07		0.122205

												3.16228		2.47E+08		3.03E+07		0.12284				3.16228		2.33E+08		2.85E+07		0.12243								2.40E+08		2.94E+07		0.122635

												3.54813		2.49E+08		3.10E+07		0.12445				3.54813		2.35E+08		2.91E+07		0.12409								2.42E+08		3.01E+07		0.12427

												3.98107		2.51E+08		3.15E+07		0.12535				3.98107		2.37E+08		2.95E+07		0.12451								2.44E+08		3.05E+07		0.12493

												4.46684		2.54E+08		3.21E+07		0.1262				4.46684		2.39E+08		2.99E+07		0.12518								2.46E+08		3.10E+07		0.12569

												5.01187		2.56E+08		3.23E+07		0.12609				5.01187		2.41E+08		3.03E+07		0.12585								2.49E+08		3.13E+07		0.12597

												5.62341		2.58E+08		3.31E+07		0.12797				5.62341		2.43E+08		3.09E+07		0.12703								2.51E+08		3.20E+07		0.1275

												6.30957		2.61E+08		3.38E+07		0.12941				6.30957		2.45E+08		3.16E+07		0.12885								2.53E+08		3.27E+07		0.12913

												7.07946		2.64E+08		3.45E+07		0.13067				7.07946		2.48E+08		3.19E+07		0.12899								2.56E+08		3.32E+07		0.12983

												7.94328		2.66E+08		3.51E+07		0.13182				7.94328		2.50E+08		3.25E+07		0.13021								2.58E+08		3.38E+07		0.131015

												8.91251		2.69E+08		3.57E+07		0.13286				8.91251		2.52E+08		3.31E+07		0.13134								2.60E+08		3.44E+07		0.1321

												10		2.71E+08		3.66E+07		0.13488				10		2.55E+08		3.37E+07		0.13233								2.63E+08		3.51E+07		0.133605

												11.2202		2.74E+08		3.70E+07		0.13519				11.2202		2.57E+08		3.42E+07		0.13321								2.65E+08		3.56E+07		0.1342

												12.5893		2.77E+08		3.75E+07		0.13553				12.5893		2.59E+08		3.48E+07		0.13424								2.68E+08		3.62E+07		0.134885

												14.1254		2.79E+08		3.84E+07		0.13747				14.1254		2.62E+08		3.55E+07		0.13537								2.71E+08		3.69E+07		0.13642

												15.8489		2.82E+08		3.91E+07		0.13869				15.8489		2.65E+08		3.60E+07		0.13617								2.73E+08		3.76E+07		0.13743

												17.7828		2.85E+08		4.01E+07		0.14068				17.7828		2.68E+08		3.69E+07		0.13763								2.76E+08		3.85E+07		0.139155

												19.9526		2.88E+08		4.08E+07		0.14157				19.9526		2.71E+08		3.75E+07		0.13871								2.79E+08		3.91E+07		0.14014

												22.3872		2.91E+08		4.16E+07		0.14284				22.3872		2.73E+08		3.82E+07		0.13986								2.82E+08		3.99E+07		0.14135

												25.1189		2.94E+08		4.23E+07		0.1439				25.1189		2.76E+08		3.89E+07		0.141								2.85E+08		4.06E+07		0.14245

												28.1838		2.97E+08		4.33E+07		0.14572				28.1838		2.78E+08		3.95E+07		0.14189								2.88E+08		4.14E+07		0.143805

												31.6228		3.00E+08		4.42E+07		0.14717				31.6228		2.81E+08		4.02E+07		0.14278								2.91E+08		4.22E+07		0.144975

												35.4813		3.03E+08		4.50E+07		0.14819				35.4813		2.84E+08		4.09E+07		0.1441								2.94E+08		4.30E+07		0.146145

												39.8107		3.07E+08		4.59E+07		0.14959				39.8107		2.87E+08		4.16E+07		0.14484								2.97E+08		4.37E+07		0.147215

												44.6684		3.10E+08		4.65E+07		0.15025				44.6684		2.90E+08		4.22E+07		0.14549								3.00E+08		4.44E+07		0.14787

												50.1187		3.13E+08		4.73E+07		0.15102				50.1187		2.93E+08		4.29E+07		0.14629								3.03E+08		4.51E+07		0.148655

												56.2341		3.17E+08		4.83E+07		0.1524				56.2341		2.97E+08		4.36E+07		0.14697								3.07E+08		4.60E+07		0.149685

												63.0957		3.21E+08		4.88E+07		0.15218				63.0957		3.00E+08		4.43E+07		0.1478								3.10E+08		4.66E+07		0.14999

												70.7946		3.23E+08		4.93E+07		0.15268				70.7946		3.03E+08		4.50E+07		0.14853								3.13E+08		4.72E+07		0.150605

												79.4328		3.28E+08		5.07E+07		0.15485				79.4328		3.06E+08		4.53E+07		0.14777								3.17E+08		4.80E+07		0.15131

												89.1251		3.31E+08		5.18E+07		0.15636				89.1251		3.10E+08		4.60E+07		0.14859								3.20E+08		4.89E+07		0.152475

												100		3.35E+08		5.22E+07		0.15593				100		3.14E+08		4.66E+07		0.14855								3.24E+08		4.94E+07		0.15224





4%

		

		4%

		1										2										3												Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta						Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa								rad/s		Pa		Pa

		1		8.42E+07		1.14E+07		0.13495				1		9.97E+07		1.27E+07		0.12726				1		9.10E+07		1.13E+07		0.124								9.16E+07		1.18E+07		0.1287366667

		1.12202		8.50E+07		1.13E+07		0.13351				1.12202		1.01E+08		1.29E+07		0.12763				1.12202		9.23E+07		1.13E+07		0.12283								9.27E+07		1.18E+07		0.12799

		1.25893		8.59E+07		1.14E+07		0.13272				1.25893		1.02E+08		1.29E+07		0.12656				1.25893		9.35E+07		1.14E+07		0.12242								9.37E+07		1.19E+07		0.1272333333

		1.41254		8.66E+07		1.14E+07		0.13197				1.41254		1.03E+08		1.30E+07		0.12679				1.41254		9.47E+07		1.16E+07		0.12235								9.47E+07		1.20E+07		0.1270366667

		1.58489		8.75E+07		1.15E+07		0.13202				1.58489		1.04E+08		1.32E+07		0.12726				1.58489		9.57E+07		1.17E+07		0.12246								9.57E+07		1.22E+07		0.1272466667

		1.77828		8.83E+07		1.17E+07		0.13258				1.77828		1.05E+08		1.34E+07		0.12755				1.77828		9.67E+07		1.19E+07		0.12339								9.66E+07		1.23E+07		0.12784

		1.99526		8.91E+07		1.18E+07		0.13266				1.99526		1.06E+08		1.35E+07		0.12809				1.99526		9.77E+07		1.21E+07		0.12408								9.75E+07		1.25E+07		0.1282766667

		2.23872		8.98E+07		1.20E+07		0.13389				2.23872		1.07E+08		1.38E+07		0.12907				2.23872		9.87E+07		1.24E+07		0.12551								9.84E+07		1.27E+07		0.12949

		2.51189		9.06E+07		1.22E+07		0.13459				2.51189		1.08E+08		1.40E+07		0.12977				2.51189		9.97E+07		1.25E+07		0.12581								9.93E+07		1.29E+07		0.1300566667

		2.81838		9.15E+07		1.23E+07		0.13482				2.81838		1.09E+08		1.42E+07		0.13071				2.81838		1.01E+08		1.27E+07		0.12591								1.00E+08		1.31E+07		0.13048

		3.16228		9.23E+07		1.26E+07		0.13635				3.16228		1.10E+08		1.45E+07		0.13171				3.16228		1.02E+08		1.29E+07		0.12712								1.01E+08		1.33E+07		0.1317266667

		3.54813		9.31E+07		1.27E+07		0.13592				3.54813		1.11E+08		1.47E+07		0.13222				3.54813		1.03E+08		1.32E+07		0.12844								1.02E+08		1.35E+07		0.1321933333

		3.98107		9.40E+07		1.29E+07		0.13732				3.98107		1.12E+08		1.49E+07		0.13293				3.98107		1.04E+08		1.34E+07		0.12931								1.03E+08		1.37E+07		0.1331866667

		4.46684		9.48E+07		1.31E+07		0.13847				4.46684		1.13E+08		1.51E+07		0.13392				4.46684		1.05E+08		1.36E+07		0.13011								1.04E+08		1.40E+07		0.1341666667

		5.01187		9.57E+07		1.33E+07		0.13923				5.01187		1.14E+08		1.54E+07		0.13529				5.01187		1.06E+08		1.39E+07		0.13154								1.05E+08		1.42E+07		0.1353533333

		5.62341		9.66E+07		1.35E+07		0.14019				5.62341		1.15E+08		1.57E+07		0.13599				5.62341		1.07E+08		1.41E+07		0.13199								1.06E+08		1.44E+07		0.1360566667

		6.30957		9.75E+07		1.37E+07		0.1405				6.30957		1.16E+08		1.59E+07		0.13708				6.30957		1.08E+08		1.44E+07		0.13342								1.07E+08		1.47E+07		0.137

		7.07946		9.86E+07		1.40E+07		0.14199				7.07946		1.17E+08		1.62E+07		0.13772				7.07946		1.09E+08		1.47E+07		0.13471								1.08E+08		1.49E+07		0.13814

		7.94328		9.95E+07		1.42E+07		0.14285				7.94328		1.19E+08		1.65E+07		0.13882				7.94328		1.10E+08		1.50E+07		0.1361								1.09E+08		1.52E+07		0.1392566667

		8.91251		1.00E+08		1.44E+07		0.14356				8.91251		1.20E+08		1.68E+07		0.14014				8.91251		1.11E+08		1.52E+07		0.13707								1.10E+08		1.55E+07		0.1402566667

		10		1.01E+08		1.47E+07		0.14465				10		1.21E+08		1.71E+07		0.14112				10		1.12E+08		1.55E+07		0.13793								1.12E+08		1.57E+07		0.1412333333

		11.2202		1.02E+08		1.49E+07		0.14564				11.2202		1.22E+08		1.74E+07		0.14221				11.2202		1.13E+08		1.58E+07		0.13921								1.13E+08		1.60E+07		0.1423533333

		12.5893		1.04E+08		1.52E+07		0.14638				12.5893		1.23E+08		1.77E+07		0.14324				12.5893		1.15E+08		1.61E+07		0.14046								1.14E+08		1.63E+07		0.14336

		14.1254		1.05E+08		1.54E+07		0.14718				14.1254		1.25E+08		1.79E+07		0.14379				14.1254		1.16E+08		1.64E+07		0.14178								1.15E+08		1.66E+07		0.14425

		15.8489		1.06E+08		1.57E+07		0.14871				15.8489		1.26E+08		1.82E+07		0.14471				15.8489		1.17E+08		1.67E+07		0.14272								1.16E+08		1.69E+07		0.14538

		17.7828		1.07E+08		1.60E+07		0.14999				17.7828		1.27E+08		1.87E+07		0.14661				17.7828		1.18E+08		1.71E+07		0.14447								1.17E+08		1.73E+07		0.1470233333

		19.9526		1.08E+08		1.63E+07		0.15072				19.9526		1.29E+08		1.89E+07		0.14717				19.9526		1.19E+08		1.74E+07		0.14553								1.19E+08		1.75E+07		0.1478066667

		22.3872		1.09E+08		1.66E+07		0.15173				22.3872		1.30E+08		1.93E+07		0.14851				22.3872		1.21E+08		1.77E+07		0.14685								1.20E+08		1.79E+07		0.14903

		25.1189		1.10E+08		1.68E+07		0.15276				25.1189		1.31E+08		1.97E+07		0.14963				25.1189		1.22E+08		1.80E+07		0.14797								1.21E+08		1.82E+07		0.15012

		28.1838		1.11E+08		1.70E+07		0.15295				28.1838		1.33E+08		2.00E+07		0.15035				28.1838		1.23E+08		1.84E+07		0.14951								1.22E+08		1.85E+07		0.1509366667

		31.6228		1.13E+08		1.74E+07		0.15423				31.6228		1.34E+08		2.03E+07		0.1514				31.6228		1.25E+08		1.88E+07		0.15063								1.24E+08		1.88E+07		0.1520866667

		35.4813		1.14E+08		1.77E+07		0.15523				35.4813		1.36E+08		2.06E+07		0.15227				35.4813		1.26E+08		1.91E+07		0.15178								1.25E+08		1.92E+07		0.1530933333

		39.8107		1.15E+08		1.79E+07		0.15614				39.8107		1.37E+08		2.10E+07		0.15312				39.8107		1.27E+08		1.95E+07		0.15285								1.26E+08		1.95E+07		0.1540366667

		44.6684		1.16E+08		1.82E+07		0.15663				44.6684		1.39E+08		2.14E+07		0.15412				44.6684		1.29E+08		1.98E+07		0.15393								1.28E+08		1.98E+07		0.1548933333

		50.1187		1.18E+08		1.85E+07		0.15735				50.1187		1.40E+08		2.17E+07		0.1545				50.1187		1.30E+08		2.02E+07		0.15473								1.29E+08		2.01E+07		0.1555266667

		56.2341		1.19E+08		1.88E+07		0.15833				56.2341		1.42E+08		2.20E+07		0.1552				56.2341		1.32E+08		2.05E+07		0.15569								1.31E+08		2.04E+07		0.1564066667

		63.0957		1.20E+08		1.91E+07		0.15873				63.0957		1.43E+08		2.24E+07		0.15589				63.0957		1.33E+08		2.09E+07		0.15652								1.32E+08		2.08E+07		0.1570466667

		70.7946		1.22E+08		1.93E+07		0.15871				70.7946		1.45E+08		2.27E+07		0.15672				70.7946		1.35E+08		2.11E+07		0.15644								1.34E+08		2.10E+07		0.15729

		79.4328		1.23E+08		1.97E+07		0.15993				79.4328		1.47E+08		2.30E+07		0.15701				79.4328		1.36E+08		2.15E+07		0.15769								1.35E+08		2.14E+07		0.15821

		89.1251		1.24E+08		1.99E+07		0.1598				89.1251		1.49E+08		2.32E+07		0.15621				89.1251		1.38E+08		2.18E+07		0.15823								1.37E+08		2.16E+07		0.15808

		100		1.26E+08		2.01E+07		0.16002				100		1.50E+08		2.36E+07		0.15732				100		1.40E+08		2.21E+07		0.15838								1.38E+08		2.19E+07		0.1585733333
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Graphs

		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

0.2%

0.6%

1%

Ang. Freq. (rad/s)

E' (MPa)

20.6156666667

340.65

170.2233333333

126.7

20.8316666667

344.1066666667

171.7933333333

127.99

21.0366666667

347.15

173.2066666667

129.2166666667

21.249

349.9666666667

174.66

130.32

21.4313333333

353.1233333333

176.1133333333

131.5633333333

21.618

355.96

177.5166666667

132.68

21.8076666667

358.9533333333

179.0733333333

133.8133333333

22.0053333333

362.0266666667

180.5466666667

135.1833333333

22.2083333333

365.0266666667

182.0033333333

136.3333333333

22.425

367.98

183.6566666667

137.7

22.6246666667

371.2166666667

185.2066666667

138.9466666667

22.7713333333

374.2733333333

186.7166666667

140.08

23.0096666667

377.62

188.4

141.3633333333

23.2176666667

380.7266666667

190.04

142.6

23.396

383.9566666667

191.7466666667

143.9266666667

23.6103333333

387.4433333333

193.4433333333

145.4

23.8573333333

390.7966666667

195.1933333333

146.5866666667

24.0656666667

394.23

196.9433333333

148.0066666667

24.294

397.7566666667

198.75

149.3933333333

24.4973333333

401.4133333333

200.61

150.79

24.725

405.07

202.4866666667

152.2233333333

24.988

408.85

204.42

153.7166666667

25.1993333333

412.6233333333

206.32

155.2

25.4416666667

416.4866666667

208.3333333333

156.7533333333

25.6903333333

420.5766666667

210.41

158.3266666667

25.9856666667

424.53

212.46

159.8966666667

26.2513333333

428.67

214.5966666667

161.48

26.484

432.9666666667

216.77

163.1366666667

26.7506666667

437.2866666667

218.8533333333

164.88

27.026

441.7

220.94

166.5433333333

27.309

446.11

223.1733333333

168.3633333333

27.594

450.67

225.4666666667

170.08

27.887

455.3166666667

227.76

171.94

28.1876666667

459.8033333333

230.19

173.8233333333

28.5083333333

464.4766666667

232.6166666667

175.45

28.828

469.2566666667

235.14

177.39

29.166

474.4433333333

237.6666666667

179.34

29.4843333333

479.28

240.27

181.3033333333

29.8736666667

484.77

242.8866666667

183.2666666667

30.259

489.76

245.5733333333

185.3133333333

30.6376666667

495.2966666667

248.4866666667

187.4133333333



		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

0.2%

0.6%

1%

Ang. Freq. (rad/s)

Tan_delta

0.1174233333

0.10999

0.1151766667

0.12209

0.1161866667

0.1091133333

0.1142733333

0.1212366667

0.1163333333

0.10895

0.1148933333

0.12041

0.1157833333

0.10946

0.1150833333

0.1209466667

0.1160433333

0.10962

0.1153733333

0.12091

0.11681

0.11031

0.1159866667

0.12102

0.1171866667

0.1109633333

0.1164133333

0.12138

0.1179166667

0.1117466667

0.1178666667

0.12282

0.1189733333

0.1128866667

0.1186333333

0.12369

0.1189866667

0.1144333333

0.1197366667

0.1238333333

0.1200166667

0.11499

0.1204333333

0.12502

0.12051

0.11576

0.1213066667

0.12536

0.1207133333

0.11733

0.1219766667

0.1263266667

0.12248

0.1183733333

0.1232733333

0.12733

0.12342

0.1194566667

0.1244466667

0.1279866667

0.1245766667

0.12051

0.1253633333

0.1296633333

0.1251

0.12185

0.1263733333

0.13013

0.12679

0.12299

0.1273266667

0.1308566667

0.1276066667

0.1241833333

0.1280666667

0.1320933333

0.12894

0.1253766667

0.1292333333

0.1328766667

0.1297633333

0.1267466667

0.1303633333

0.1340933333

0.1307666667

0.12811

0.1313833333

0.13517

0.1320466667

0.1293033333

0.1322266667

0.1360833333

0.13309

0.1307566667

0.13344

0.13704

0.13419

0.13213

0.1344233333

0.1381233333

0.13601

0.1337333333

0.1359233333

0.13958

0.1371266667

0.13503

0.1371333333

0.1405833333

0.1382766667

0.13652

0.1381

0.14161

0.1397133333

0.1374533333

0.1393433333

0.14281

0.1405233333

0.1388433333

0.1402966667

0.1436666667

0.1419266667

0.1403566667

0.1414166667

0.14468

0.14314

0.1416166667

0.1425833333

0.1456566667

0.1439433333

0.14273

0.1433933333

0.14626

0.14507

0.1437733333

0.14405

0.1470433333

0.1463966667

0.1453933333

0.1450766667

0.1478466667

0.1465366667

0.1464166667

0.1457366667

0.1485

0.1474633333

0.1469666667

0.1460333333

0.1493933333

0.14743

0.1481266667

0.1472266667

0.1488966667

0.1491033333

0.1490766667

0.14696

0.15016

0.14848

0.1494133333

0.1466233333

0.1500766667

0.14917

0.1494866667

0.1477933333

0.1501166667



		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

0.2%

0.6%

1%

Ang. Freq. (rad/sec)

E" (MPa)

2.3872666667

37.4036666667

19.5683333333

15.4516666667

2.39

37.4996666667

19.606

15.5003333333

2.4207333333

37.7653333333

19.873

15.5376666667

2.4363333333

38.2526666667

20.0786666667

15.739

2.4633666667

38.6626666667

20.295

15.889

2.5031666667

39.2273333333

20.569

16.0313333333

2.5335333333

39.788

20.8306666667

16.2233333333

2.5729666667

40.418

21.2546666667

16.5806666667

2.6216

41.171

21.5693333333

16.8396666667

2.6495

42.042

21.974

17.0313333333

2.6971333333

42.628

22.291

17.3476666667

2.7265666667

43.2856666667

22.6313333333

17.5486666667

2.7642

44.2506666667

22.9673333333

17.8393333333

2.8274666667

45.0183333333

23.4103333333

18.1316666667

2.8715666667

45.825

23.8496666667

18.395

2.9254666667

46.6403333333

24.2353333333

18.8296666667

2.9706

47.572

24.6483333333

19.0523333333

3.0342

48.4406666667

25.063

19.3416666667

3.0859

49.347

25.4356666667

19.7103333333

3.1446

50.281

25.9123333333

20.0033333333

3.1936666667

51.2963333333

26.384

20.382

3.2553333333

52.3326666667

26.8423333333

20.7426666667

3.3138

53.3023333333

27.2673333333

21.0913333333

3.3735333333

54.41

27.7836666667

21.4463333333

3.4342666667

55.5153333333

28.2666666667

21.8336666667

3.5212333333

56.7246666667

28.869

22.2833333333

3.5876666667

57.835

29.4166666667

22.665

3.6509

59.0576666667

29.9216666667

23.066

3.7275

60.051

30.483

23.5116666667

3.7883666667

61.2683333333

30.989

23.888

3.8684666667

62.561

31.5486666667

24.3183333333

3.9412666667

63.7646666667

32.1336666667

24.73

4.0078666667

64.939

32.648

25.102

4.0851333333

66.064

33.153

25.5193333333

4.1692666667

67.4743333333

33.738

25.8853333333

4.223

68.6513333333

34.2573333333

26.306

4.2997

69.681

34.6963333333

26.7526666667

4.3583333333

70.9186666667

35.3623333333

26.9476666667

4.4559

72.1886666667

35.6846666667

27.4813333333

4.501

73.132

35.999

27.7856666667

4.5808

73.9676666667

36.7193333333

28.086



		1		1		1		1		1		1

		1.12202		1.12202		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251		8.91251		8.91251

		10		10		10		10		10		10

		11.2202		11.2202		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251		89.1251		89.1251

		100		100		100		100		100		100



Neat

0.20%

0.60%

1%

2%

4%

Ang. Freq. (rad/s)

Tan delta

0.1174233333

0.10999

0.1151766667

0.12209

0.1192

0.1287366667

0.1161866667

0.1091133333

0.1142733333

0.1212366667

0.11823

0.12799

0.1163333333

0.10895

0.1148933333

0.12041

0.11804

0.1272333333

0.1157833333

0.10946

0.1150833333

0.1209466667

0.117905

0.1270366667

0.1160433333

0.10962

0.1153733333

0.12091

0.118395

0.1272466667

0.11681

0.11031

0.1159866667

0.12102

0.118575

0.12784

0.1171866667

0.1109633333

0.1164133333

0.12138

0.119115

0.1282766667

0.1179166667

0.1117466667

0.1178666667

0.12282

0.120195

0.12949

0.1189733333

0.1128866667

0.1186333333

0.12369

0.121555

0.1300566667

0.1189866667

0.1144333333

0.1197366667

0.1238333333

0.122205

0.13048

0.1200166667

0.11499

0.1204333333

0.12502

0.122635

0.1317266667

0.12051

0.11576

0.1213066667

0.12536

0.12427

0.1321933333

0.1207133333

0.11733

0.1219766667

0.1263266667

0.12493

0.1331866667

0.12248

0.1183733333

0.1232733333

0.12733

0.12569

0.1341666667

0.12342

0.1194566667

0.1244466667

0.1279866667

0.12597

0.1353533333

0.1245766667

0.12051

0.1253633333

0.1296633333

0.1275

0.1360566667

0.1251

0.12185

0.1263733333

0.13013

0.12913

0.137

0.12679

0.12299

0.1273266667

0.1308566667

0.12983

0.13814

0.1276066667

0.1241833333

0.1280666667

0.1320933333

0.131015

0.1392566667

0.12894

0.1253766667

0.1292333333

0.1328766667

0.1321

0.1402566667

0.1297633333
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		6.30957		2.60E+07		3.18E+06		0.12232				6.30957		2.78E+07		3.42E+06		0.12322				6.30957		1.78E+07		2.31E+06		0.12976						23.86		2.97		0.1251

		7.07946		2.62E+07		3.25E+06		0.12378				7.07946		2.80E+07		3.48E+06		0.12418				7.07946		1.80E+07		2.38E+06		0.13241						24.07		3.03		0.12679

		7.94328		2.65E+07		3.30E+06		0.12477				7.94328		2.83E+07		3.55E+06		0.12573				7.94328		1.82E+07		2.40E+06		0.13232						24.29		3.09		0.1276066667

		8.91251		2.67E+07		3.38E+06		0.12658				8.91251		2.85E+07		3.62E+06		0.12678				8.91251		1.82E+07		2.44E+06		0.13346						24.50		3.14		0.12894

		10		2.69E+07		3.43E+06		0.12736				10		2.88E+07		3.67E+06		0.12749				10		1.84E+07		2.48E+06		0.13444						24.73		3.19		0.1297633333

		11.2202		2.72E+07		3.50E+06		0.12889				11.2202		2.91E+07		3.75E+06		0.12874				11.2202		1.87E+07		2.52E+06		0.13467						24.99		3.26		0.1307666667

		12.5893		2.74E+07		3.57E+06		0.13034				12.5893		2.94E+07		3.81E+06		0.12954				12.5893		1.88E+07		2.56E+06		0.13626						25.20		3.31		0.1320466667

		14.1254		2.77E+07		3.63E+06		0.13132				14.1254		2.97E+07		3.89E+06		0.131				14.1254		1.90E+07		2.60E+06		0.13695						25.44		3.37		0.13309

		15.8489		2.79E+07		3.70E+06		0.13235				15.8489		3.00E+07		3.95E+06		0.13202				15.8489		1.92E+07		2.65E+06		0.1382						25.69		3.43		0.13419

		17.7828		2.82E+07		3.80E+06		0.13469				17.7828		3.04E+07		4.05E+06		0.1335				17.7828		1.94E+07		2.71E+06		0.13984						25.99		3.52		0.13601

		19.9526		2.85E+07		3.87E+06		0.13586				19.9526		3.07E+07		4.14E+06		0.13488				19.9526		1.96E+07		2.75E+06		0.14064						26.25		3.59		0.1371266667

		22.3872		2.88E+07		3.95E+06		0.13724				22.3872		3.09E+07		4.20E+06		0.1361				22.3872		1.98E+07		2.80E+06		0.14149						26.48		3.65		0.1382766667

		25.1189		2.90E+07		4.03E+06		0.13865				25.1189		3.12E+07		4.30E+06		0.13789				25.1189		2.00E+07		2.86E+06		0.1426						26.75		3.73		0.1397133333

		28.1838		2.93E+07		4.10E+06		0.13965				28.1838		3.15E+07		4.37E+06		0.13871				28.1838		2.02E+07		2.90E+06		0.14321						27.03		3.79		0.1405233333

		31.6228		2.96E+07		4.19E+06		0.14156				31.6228		3.18E+07		4.46E+06		0.14026				31.6228		2.05E+07		2.95E+06		0.14396						27.31		3.87		0.1419266667

		35.4813		2.99E+07		4.26E+06		0.14215				35.4813		3.22E+07		4.56E+06		0.1417				35.4813		2.07E+07		3.01E+06		0.14557						27.59		3.94		0.14314

		39.8107		3.02E+07		4.34E+06		0.14382				39.8107		3.25E+07		4.63E+06		0.1424				39.8107		2.10E+07		3.06E+06		0.14561						27.89		4.01		0.1439433333

		44.6684		3.05E+07		4.43E+06		0.14531				44.6684		3.28E+07		4.72E+06		0.14384				44.6684		2.12E+07		3.10E+06		0.14606						28.19		4.09		0.14507

		50.1187		3.08E+07		4.51E+06		0.14645				50.1187		3.32E+07		4.82E+06		0.14525				50.1187		2.15E+07		3.18E+06		0.14749						28.51		4.17		0.1463966667

		56.2341		3.11E+07		4.59E+06		0.14756				56.2341		3.35E+07		4.88E+06		0.14539				56.2341		2.18E+07		3.20E+06		0.14666						28.83		4.22		0.1465366667

		63.0957		3.15E+07		4.66E+06		0.14826				63.0957		3.39E+07		4.97E+06		0.14654				63.0957		2.21E+07		3.27E+06		0.14759						29.17		4.30		0.1474633333

		70.7946		3.18E+07		4.75E+06		0.14961				70.7946		3.42E+07		5.09E+06		0.14864				70.7946		2.25E+07		3.23E+06		0.14404						29.48		4.36		0.14743

		79.4328		3.21E+07		4.83E+06		0.15025				79.4328		3.46E+07		5.15E+06		0.14859				79.4328		2.29E+07		3.39E+06		0.14847						29.87		4.46		0.1491033333

		89.1251		3.25E+07		4.89E+06		0.15061				89.1251		3.51E+07		5.22E+06		0.14885				89.1251		2.32E+07		3.39E+06		0.14598						30.26		4.50		0.14848

		100		3.28E+07		5.01E+06		0.15299				100		3.55E+07		5.28E+06		0.14892				100		2.37E+07		3.45E+06		0.1456						30.64		4.58		0.14917





E005x4

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		5.48E+07		6.70E+06		0.12238				1		6.48E+07		7.53E+06		0.11617				1		6.06E+07		7.39E+06		0.12187						60.07		7.21		0.12014

		1.12202		5.56E+07		6.68E+06		0.11996				1.12202		6.54E+07		7.55E+06		0.11552				1.12202		6.13E+07		7.37E+06		0.12029						60.77		7.20		0.11859

		1.25893		5.63E+07		6.71E+06		0.1192				1.25893		6.59E+07		7.63E+06		0.11569				1.25893		6.20E+07		7.36E+06		0.1188						61.39		7.23		0.1178966667

		1.41254		5.69E+07		6.81E+06		0.11959				1.41254		6.65E+07		7.67E+06		0.11528				1.41254		6.25E+07		7.50E+06		0.11987						62.00		7.32		0.1182466667

		1.58489		5.75E+07		6.89E+06		0.11981				1.58489		6.71E+07		7.82E+06		0.11656				1.58489		6.31E+07		7.56E+06		0.11986						62.56		7.42		0.1187433333

		1.77828		5.80E+07		6.98E+06		0.12024				1.77828		6.77E+07		7.92E+06		0.11702				1.77828		6.37E+07		7.70E+06		0.12103						63.12		7.53		0.11943

		1.99526		5.86E+07		7.05E+06		0.12028				1.99526		6.83E+07		7.99E+06		0.11709				1.99526		6.43E+07		7.79E+06		0.12119						63.74		7.61		0.11952

		2.23872		5.91E+07		7.22E+06		0.12212				2.23872		6.88E+07		8.18E+06		0.11875				2.23872		6.48E+07		7.91E+06		0.12207						64.26		7.77		0.12098

		2.51189		5.97E+07		7.31E+06		0.12239				2.51189		6.94E+07		8.32E+06		0.11984				2.51189		6.54E+07		8.07E+06		0.12335						64.85		7.90		0.12186

		2.81838		6.03E+07		7.44E+06		0.12339				2.81838		7.01E+07		8.47E+06		0.12089				2.81838		6.60E+07		8.11E+06		0.12293						65.46		8.01		0.1224033333

		3.16228		6.09E+07		7.61E+06		0.12489				3.16228		7.07E+07		8.62E+06		0.12196				3.16228		6.66E+07		8.27E+06		0.12414						66.06		8.16		0.1236633333

		3.54813		6.14E+07		7.69E+06		0.12514				3.54813		7.12E+07		8.74E+06		0.12274				3.54813		6.72E+07		8.45E+06		0.12576						66.61		8.29		0.1245466667

		3.98107		6.20E+07		7.81E+06		0.12597				3.98107		7.18E+07		8.90E+06		0.12394				3.98107		6.78E+07		8.57E+06		0.1265						67.20		8.43		0.12547

		4.46684		6.26E+07		7.95E+06		0.12702				4.46684		7.25E+07		9.08E+06		0.12519				4.46684		6.84E+07		8.72E+06		0.12742						67.84		8.58		0.1265433333

		5.01187		6.32E+07		8.12E+06		0.12851				5.01187		7.33E+07		9.26E+06		0.12632				5.01187		6.91E+07		8.91E+06		0.12885						68.53		8.76		0.1278933333

		5.62341		6.38E+07		8.27E+06		0.12967				5.62341		7.39E+07		9.41E+06		0.12729				5.62341		6.98E+07		9.04E+06		0.12963						69.15		8.91		0.1288633333

		6.30957		6.44E+07		8.42E+06		0.13075				6.30957		7.46E+07		9.59E+06		0.12859				6.30957		7.05E+07		9.25E+06		0.13129						69.81		9.09		0.13021

		7.07946		6.50E+07		8.58E+06		0.13195				7.07946		7.52E+07		9.76E+06		0.12976				7.07946		7.11E+07		9.42E+06		0.13245						70.44		9.25		0.1313866667

		7.94328		6.56E+07		8.75E+06		0.13323				7.94328		7.59E+07		9.95E+06		0.13109				7.94328		7.18E+07		9.58E+06		0.13346						71.11		9.43		0.1325933333

		8.91251		6.63E+07		8.91E+06		0.13445				8.91251		7.66E+07		1.01E+07		0.13223				8.91251		7.25E+07		9.77E+06		0.13479						71.80		9.60		0.1338233333

		10		6.69E+07		9.08E+06		0.13563				10		7.73E+07		1.03E+07		0.13369				10		7.33E+07		9.98E+06		0.13623						72.50		9.80		0.1351833333

		11.2202		6.76E+07		9.26E+06		0.13694				11.2202		7.80E+07		1.05E+07		0.13485				11.2202		7.39E+07		1.02E+07		0.13731						73.19		9.98		0.1363666667

		12.5893		6.83E+07		9.43E+06		0.13806				12.5893		7.88E+07		1.07E+07		0.13603				12.5893		7.47E+07		1.03E+07		0.13831						73.91		10.16		0.1374666667

		14.1254		6.90E+07		9.61E+06		0.13939				14.1254		7.96E+07		1.09E+07		0.13752				14.1254		7.54E+07		1.06E+07		0.13994						74.65		10.37		0.13895

		15.8489		6.97E+07		9.79E+06		0.14052				15.8489		8.04E+07		1.11E+07		0.13852				15.8489		7.62E+07		1.07E+07		0.14097						75.40		10.55		0.1400033333

		17.7828		7.04E+07		1.00E+07		0.14212				17.7828		8.12E+07		1.14E+07		0.14006				17.7828		7.69E+07		1.10E+07		0.14291						76.15		10.79		0.1416966667

		19.9526		7.11E+07		1.02E+07		0.14353				19.9526		8.20E+07		1.16E+07		0.14157				19.9526		7.76E+07		1.12E+07		0.14397						76.93		11.00		0.1430233333

		22.3872		7.19E+07		1.04E+07		0.14471				22.3872		8.29E+07		1.19E+07		0.14303				22.3872		7.84E+07		1.14E+07		0.14526						77.74		11.22		0.1443333333

		25.1189		7.27E+07		1.06E+07		0.14626				25.1189		8.38E+07		1.21E+07		0.14418				25.1189		7.92E+07		1.16E+07		0.14665						78.57		11.44		0.1456966667

		28.1838		7.35E+07		1.08E+07		0.1475				28.1838		8.46E+07		1.23E+07		0.14567				28.1838		8.01E+07		1.18E+07		0.14783						79.42		11.67		0.147

		31.6228		7.43E+07		1.11E+07		0.14892				31.6228		8.55E+07		1.25E+07		0.14665				31.6228		8.09E+07		1.21E+07		0.14922						80.24		11.89		0.1482633333

		35.4813		7.51E+07		1.12E+07		0.1498				35.4813		8.64E+07		1.28E+07		0.14799				35.4813		8.18E+07		1.23E+07		0.15028						81.10		12.11		0.1493566667

		39.8107		7.59E+07		1.15E+07		0.15105				39.8107		8.74E+07		1.30E+07		0.14921				39.8107		8.27E+07		1.25E+07		0.15153						82.01		12.35		0.1505966667

		44.6684		7.67E+07		1.17E+07		0.15237				44.6684		8.83E+07		1.33E+07		0.15018				44.6684		8.37E+07		1.28E+07		0.15259						82.92		12.58		0.1517133333

		50.1187		7.76E+07		1.19E+07		0.15314				50.1187		8.93E+07		1.35E+07		0.15147				50.1187		8.47E+07		1.30E+07		0.15373						83.84		12.81		0.15278

		56.2341		7.85E+07		1.21E+07		0.15442				56.2341		9.04E+07		1.38E+07		0.15226				56.2341		8.57E+07		1.33E+07		0.1547						84.86		13.05		0.1537933333

		63.0957		7.95E+07		1.23E+07		0.15527				63.0957		9.14E+07		1.40E+07		0.1532				63.0957		8.66E+07		1.35E+07		0.15586						85.82		13.28		0.1547766667

		70.7946		8.02E+07		1.25E+07		0.15599				70.7946		9.24E+07		1.42E+07		0.15391				70.7946		8.75E+07		1.37E+07		0.15681						86.73		13.49		0.15557

		79.4328		8.13E+07		1.28E+07		0.15721				79.4328		9.36E+07		1.45E+07		0.15499				79.4328		8.87E+07		1.39E+07		0.15716						87.85		13.74		0.1564533333

		89.1251		8.21E+07		1.30E+07		0.15783				89.1251		9.47E+07		1.47E+07		0.15537				89.1251		8.97E+07		1.42E+07		0.1581						88.82		13.95		0.1571

		100		8.30E+07		1.31E+07		0.15807				100		9.58E+07		1.49E+07		0.15587				100		9.07E+07		1.43E+07		0.15807						89.86		14.13		0.1573366667





E02Gx4

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		9.85E+07		1.16E+07		0.11802				1		1.46E+08		1.64E+07		0.11207				1		1.15E+08		1.34E+07		0.11604						119.95		13.79		0.1154

		1.12202		9.95E+07		1.17E+07		0.1176				1.12202		1.47E+08		1.64E+07		0.11122				1.12202		1.16E+08		1.35E+07		0.11576						121.01		13.85		0.1149

		1.25893		1.00E+08		1.17E+07		0.11684				1.25893		1.49E+08		1.65E+07		0.11107				1.25893		1.17E+08		1.35E+07		0.1153						122.18		13.93		0.1144

		1.41254		1.01E+08		1.19E+07		0.11716				1.41254		1.50E+08		1.67E+07		0.11095				1.41254		1.19E+08		1.36E+07		0.1151						123.27		14.05		0.1144

		1.58489		1.02E+08		1.21E+07		0.11804				1.58489		1.51E+08		1.69E+07		0.11156				1.58489		1.20E+08		1.38E+07		0.11521						124.37		14.24		0.1149

		1.77828		1.03E+08		1.21E+07		0.11724				1.77828		1.52E+08		1.72E+07		0.11268				1.77828		1.21E+08		1.40E+07		0.11608						125.42		14.43		0.1153

		1.99526		1.04E+08		1.23E+07		0.11869				1.99526		1.54E+08		1.74E+07		0.11285				1.99526		1.22E+08		1.42E+07		0.11634						126.51		14.62		0.1160

		2.23872		1.05E+08		1.25E+07		0.11916				2.23872		1.55E+08		1.76E+07		0.11342				2.23872		1.23E+08		1.45E+07		0.11763						127.62		14.85		0.1167

		2.51189		1.06E+08		1.27E+07		0.11964				2.51189		1.56E+08		1.79E+07		0.11459				2.51189		1.24E+08		1.46E+07		0.11783						128.73		15.06		0.1174

		2.81838		1.07E+08		1.29E+07		0.12076				2.81838		1.58E+08		1.83E+07		0.11565				2.81838		1.25E+08		1.48E+07		0.11858						129.83		15.32		0.1183

		3.16228		1.08E+08		1.32E+07		0.12236				3.16228		1.60E+08		1.87E+07		0.11702				3.16228		1.26E+08		1.50E+07		0.11924						131.09		15.63		0.1195

		3.54813		1.09E+08		1.34E+07		0.1231				3.54813		1.61E+08		1.87E+07		0.11647				3.54813		1.27E+08		1.54E+07		0.12138						132.19		15.84		0.1203

		3.98107		1.10E+08		1.35E+07		0.12352				3.98107		1.62E+08		1.92E+07		0.11821				3.98107		1.28E+08		1.56E+07		0.12163						133.30		16.10		0.1211

		4.46684		1.11E+08		1.38E+07		0.12476				4.46684		1.64E+08		1.97E+07		0.12024				4.46684		1.29E+08		1.59E+07		0.12281						134.53		16.45		0.1226

		5.01187		1.12E+08		1.41E+07		0.12616				5.01187		1.65E+08		1.98E+07		0.12021				5.01187		1.31E+08		1.62E+07		0.12359						135.77		16.69		0.1233

		5.62341		1.13E+08		1.43E+07		0.12743				5.62341		1.67E+08		2.03E+07		0.12164				5.62341		1.32E+08		1.65E+07		0.1248						136.98		17.02		0.1246

		6.30957		1.14E+08		1.45E+07		0.12781				6.30957		1.68E+08		2.07E+07		0.1233				6.30957		1.33E+08		1.68E+07		0.12615						138.23		17.34		0.1258

		7.07946		1.15E+08		1.48E+07		0.12924				7.07946		1.70E+08		2.10E+07		0.12391				7.07946		1.34E+08		1.70E+07		0.127						139.53		17.63		0.1267

		7.94328		1.16E+08		1.51E+07		0.13063				7.94328		1.71E+08		2.16E+07		0.12604				7.94328		1.36E+08		1.74E+07		0.1287						140.78		18.04		0.1285

		8.91251		1.17E+08		1.54E+07		0.13176				8.91251		1.73E+08		2.20E+07		0.12749				8.91251		1.37E+08		1.77E+07		0.12923						142.11		18.36		0.1295

		10		1.18E+08		1.57E+07		0.13276				10		1.74E+08		2.24E+07		0.12844				10		1.38E+08		1.81E+07		0.13126						143.41		18.72		0.1308

		11.2202		1.19E+08		1.60E+07		0.13448				11.2202		1.76E+08		2.29E+07		0.13002				11.2202		1.39E+08		1.84E+07		0.13215						144.79		19.10		0.1322

		12.5893		1.20E+08		1.63E+07		0.13531				12.5893		1.78E+08		2.34E+07		0.13158				12.5893		1.41E+08		1.88E+07		0.1337						146.17		19.48		0.1335

		14.1254		1.21E+08		1.66E+07		0.13677				14.1254		1.79E+08		2.38E+07		0.13267				14.1254		1.42E+08		1.92E+07		0.13485						147.63		19.85		0.1348

		15.8489		1.23E+08		1.69E+07		0.13789				15.8489		1.81E+08		2.42E+07		0.13399				15.8489		1.43E+08		1.96E+07		0.13629						149.03		20.24		0.1361

		17.7828		1.24E+08		1.73E+07		0.13984				17.7828		1.83E+08		2.48E+07		0.13558				17.7828		1.45E+08		2.00E+07		0.13777						150.55		20.69		0.1377

		19.9526		1.25E+08		1.77E+07		0.1411				19.9526		1.85E+08		2.53E+07		0.13706				19.9526		1.46E+08		2.04E+07		0.13937						152.04		21.12		0.1392

		22.3872		1.26E+08		1.80E+07		0.14263				22.3872		1.86E+08		2.58E+07		0.13866				22.3872		1.48E+08		2.08E+07		0.14061						153.68		21.57		0.1406

		25.1189		1.28E+08		1.84E+07		0.14432				25.1189		1.88E+08		2.64E+07		0.14009				25.1189		1.50E+08		2.13E+07		0.1421						155.18		22.02		0.1422

		28.1838		1.29E+08		1.88E+07		0.14517				28.1838		1.90E+08		2.69E+07		0.14135				28.1838		1.51E+08		2.17E+07		0.14358						156.89		22.45		0.1434

		31.6228		1.30E+08		1.91E+07		0.14671				31.6228		1.92E+08		2.75E+07		0.14285				31.6228		1.53E+08		2.21E+07		0.14486						158.48		22.91		0.1448

		35.4813		1.32E+08		1.95E+07		0.14801				35.4813		1.94E+08		2.80E+07		0.14419				35.4813		1.54E+08		2.25E+07		0.1458						160.21		23.35		0.1460

		39.8107		1.33E+08		1.99E+07		0.14941				39.8107		1.96E+08		2.85E+07		0.14543				39.8107		1.56E+08		2.30E+07		0.14747						161.90		23.83		0.1474

		44.6684		1.35E+08		2.02E+07		0.15018				44.6684		1.98E+08		2.91E+07		0.14684				44.6684		1.58E+08		2.35E+07		0.1487						163.62		24.27		0.1486

		50.1187		1.36E+08		2.06E+07		0.15146				50.1187		2.01E+08		2.97E+07		0.14788				50.1187		1.59E+08		2.39E+07		0.14992						165.38		24.73		0.1498

		56.2341		1.38E+08		2.11E+07		0.1531				56.2341		2.03E+08		3.03E+07		0.14955				56.2341		1.61E+08		2.43E+07		0.15086						167.23		25.24		0.1512

		63.0957		1.39E+08		2.15E+07		0.15402				63.0957		2.05E+08		3.08E+07		0.15049				63.0957		1.63E+08		2.48E+07		0.15197						169.06		25.69		0.1522

		70.7946		1.41E+08		2.17E+07		0.15407				70.7946		2.07E+08		3.12E+07		0.15067				70.7946		1.65E+08		2.49E+07		0.15119						170.98		25.95		0.1520

		79.4328		1.42E+08		2.21E+07		0.15489				79.4328		2.10E+08		3.19E+07		0.15243				79.4328		1.67E+08		2.56E+07		0.1538						172.89		26.55		0.1537

		89.1251		1.44E+08		2.26E+07		0.15667				89.1251		2.12E+08		3.24E+07		0.15301				89.1251		1.69E+08		2.63E+07		0.15578						174.95		27.10		0.1552

		100		1.46E+08		2.29E+07		0.15731				100		2.14E+08		3.30E+07		0.15393				100		1.71E+08		2.65E+07		0.15513						176.92		27.47		0.1555





E06Gx4

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		3.04E+07		3.61E+06		0.11902				1		3.74E+07		4.29E+06		0.11485				1		3.60E+07		4.15E+06		0.11505						34.58		4.02		0.1163066667

		1.12202		3.06E+07		3.61E+06		0.1179				1.12202		3.77E+07		4.24E+06		0.1125				1.12202		3.63E+07		4.12E+06		0.11359						34.85		3.99		0.1146633333

		1.25893		3.09E+07		3.64E+06		0.11788				1.25893		3.81E+07		4.26E+06		0.11172				1.25893		3.66E+07		4.12E+06		0.1128						35.17		4.01		0.1141333333

		1.41254		3.11E+07		3.66E+06		0.11774				1.41254		3.84E+07		4.33E+06		0.11277				1.41254		3.68E+07		4.17E+06		0.11359						35.43		4.06		0.1147

		1.58489		3.14E+07		3.70E+06		0.11796				1.58489		3.87E+07		4.40E+06		0.11365				1.58489		3.70E+07		4.21E+06		0.11374						35.71		4.10		0.1151166667

		1.77828		3.16E+07		3.74E+06		0.11842				1.77828		3.90E+07		4.41E+06		0.11295				1.77828		3.72E+07		4.29E+06		0.11507						35.96		4.15		0.11548

		1.99526		3.19E+07		3.81E+06		0.11956				1.99526		3.94E+07		4.52E+06		0.11487				1.99526		3.75E+07		4.35E+06		0.11592						36.24		4.23		0.1167833333

		2.23872		3.21E+07		3.88E+06		0.12078				2.23872		3.97E+07		4.63E+06		0.11678				2.23872		3.77E+07		4.42E+06		0.11723						36.50		4.31		0.1182633333

		2.51189		3.24E+07		3.94E+06		0.12149				2.51189		4.00E+07		4.69E+06		0.11725				2.51189		3.80E+07		4.46E+06		0.11726						36.80		4.36		0.1186666667

		2.81838		3.27E+07		3.97E+06		0.12147				2.81838		4.04E+07		4.73E+06		0.11721				2.81838		3.83E+07		4.58E+06		0.1194						37.13		4.43		0.11936

		3.16228		3.29E+07		4.04E+06		0.12268				3.16228		4.07E+07		4.85E+06		0.1191				3.16228		3.86E+07		4.68E+06		0.12101						37.43		4.52		0.12093

		3.54813		3.32E+07		4.14E+06		0.12452				3.54813		4.10E+07		4.89E+06		0.11925				3.54813		3.89E+07		4.69E+06		0.12039						37.72		4.57		0.1213866667

		3.98107		3.36E+07		4.23E+06		0.12592				3.98107		4.14E+07		4.96E+06		0.11984				3.98107		3.93E+07		4.78E+06		0.12184						38.07		4.66		0.1225333333

		4.46684		3.39E+07		4.26E+06		0.12574				4.46684		4.17E+07		5.10E+06		0.12232				4.46684		3.95E+07		4.88E+06		0.12361						38.37		4.75		0.12389

		5.01187		3.42E+07		4.34E+06		0.12698				5.01187		4.21E+07		5.16E+06		0.1226				5.01187		3.99E+07		4.98E+06		0.12503						38.71		4.83		0.12487

		5.62341		3.45E+07		4.43E+06		0.12845				5.62341		4.25E+07		5.29E+06		0.12447				5.62341		4.02E+07		5.04E+06		0.12533						39.04		4.92		0.1260833333

		6.30957		3.48E+07		4.54E+06		0.13031				6.30957		4.29E+07		5.36E+06		0.12512				6.30957		4.05E+07		5.17E+06		0.12761						39.40		5.02		0.12768

		7.07946		3.51E+07		4.60E+06		0.1311				7.07946		4.32E+07		5.48E+06		0.1267				7.07946		4.09E+07		5.25E+06		0.12839						39.74		5.11		0.12873

		7.94328		3.54E+07		4.64E+06		0.13105				7.94328		4.36E+07		5.58E+06		0.12802				7.94328		4.12E+07		5.36E+06		0.13012						40.09		5.20		0.12973

		8.91251		3.57E+07		4.75E+06		0.13297				8.91251		4.40E+07		5.70E+06		0.12936				8.91251		4.16E+07		5.45E+06		0.13089						40.46		5.30		0.1310733333

		10		3.61E+07		4.85E+06		0.13437				10		4.44E+07		5.81E+06		0.13073				10		4.19E+07		5.55E+06		0.13226						40.82		5.40		0.1324533333

		11.2202		3.64E+07		4.94E+06		0.13562				11.2202		4.49E+07		5.93E+06		0.13209				11.2202		4.23E+07		5.66E+06		0.13367						41.21		5.51		0.1337933333

		12.5893		3.68E+07		5.04E+06		0.13715				12.5893		4.53E+07		6.03E+06		0.13313				12.5893		4.27E+07		5.79E+06		0.13554						41.59		5.62		0.1352733333

		14.1254		3.71E+07		5.12E+06		0.1379				14.1254		4.57E+07		6.16E+06		0.13471				14.1254		4.31E+07		5.89E+06		0.13647						41.99		5.72		0.13636

		15.8489		3.75E+07		5.24E+06		0.13989				15.8489		4.62E+07		6.26E+06		0.13551				15.8489		4.35E+07		5.99E+06		0.13762						42.39		5.83		0.1376733333

		17.7828		3.78E+07		5.36E+06		0.1415				17.7828		4.66E+07		6.43E+06		0.13795				17.7828		4.39E+07		6.14E+06		0.13975						42.81		5.98		0.1397333333

		19.9526		3.82E+07		5.45E+06		0.14252				19.9526		4.71E+07		6.55E+06		0.13907				19.9526		4.44E+07		6.27E+06		0.14127						43.23		6.09		0.1409533333

		22.3872		3.86E+07		5.56E+06		0.14397				22.3872		4.75E+07		6.68E+06		0.14059				22.3872		4.48E+07		6.39E+06		0.14271						43.64		6.21		0.1424233333

		25.1189		3.89E+07		5.67E+06		0.1455				25.1189		4.80E+07		6.82E+06		0.14204				25.1189		4.53E+07		6.52E+06		0.14411						44.07		6.34		0.1438833333

		28.1838		3.93E+07		5.76E+06		0.14647				28.1838		4.85E+07		6.95E+06		0.14333				28.1838		4.57E+07		6.65E+06		0.14544						44.52		6.45		0.14508

		31.6228		3.97E+07		5.88E+06		0.14805				31.6228		4.90E+07		7.10E+06		0.14483				31.6228		4.61E+07		6.78E+06		0.1471						44.94		6.59		0.14666

		35.4813		4.01E+07		6.02E+06		0.14985				35.4813		4.95E+07		7.23E+06		0.14603				35.4813		4.65E+07		6.89E+06		0.14817						45.39		6.71		0.1480166667

		39.8107		4.06E+07		6.12E+06		0.15072				39.8107		5.00E+07		7.38E+06		0.14741				39.8107		4.70E+07		7.04E+06		0.14971						45.88		6.84		0.14928

		44.6684		4.10E+07		6.23E+06		0.15177				44.6684		5.06E+07		7.51E+06		0.14832				44.6684		4.75E+07		7.16E+06		0.15065						46.39		6.96		0.1502466667

		50.1187		4.15E+07		6.33E+06		0.15257				50.1187		5.11E+07		7.64E+06		0.14939				50.1187		4.80E+07		7.29E+06		0.1518						46.89		7.09		0.1512533333

		56.2341		4.19E+07		6.46E+06		0.15414				56.2341		5.17E+07		7.80E+06		0.15089				56.2341		4.86E+07		7.45E+06		0.15342						47.40		7.24		0.1528166667

		63.0957		4.24E+07		6.59E+06		0.15544				63.0957		5.23E+07		7.95E+06		0.15209				63.0957		4.91E+07		7.58E+06		0.15438						47.93		7.37		0.15397

		70.7946		4.29E+07		6.71E+06		0.1566				70.7946		5.29E+07		8.12E+06		0.15339				70.7946		4.96E+07		7.68E+06		0.15493						48.46		7.50		0.1549733333

		79.4328		4.34E+07		6.81E+06		0.15699				79.4328		5.35E+07		8.21E+06		0.15344				79.4328		5.02E+07		7.83E+06		0.15597						49.03		7.62		0.1554666667

		89.1251		4.39E+07		6.89E+06		0.15721				89.1251		5.41E+07		8.33E+06		0.15398				89.1251		5.08E+07		7.97E+06		0.15693						49.58		7.73		0.15604

		100		4.43E+07		7.01E+06		0.15796				100		5.47E+07		8.48E+06		0.15506				100		5.14E+07		8.08E+06		0.15736						50.15		7.86		0.1567933333





E1Gx4

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		4.41E+07		4.98E+06		0.1131				1		4.50E+07		5.14E+06		0.11416				1		5.66E+07		6.48E+06		0.11449						48.57		5.54		0.1139166667

		1.12202		4.45E+07		5.02E+06		0.11289				1.12202		4.54E+07		5.16E+06		0.11352				1.12202		5.72E+07		6.46E+06		0.11292						49.05		5.55		0.11311

		1.25893		4.49E+07		5.06E+06		0.11277				1.25893		4.58E+07		5.17E+06		0.11276				1.25893		5.77E+07		6.43E+06		0.11132						49.47		5.55		0.1122833333

		1.41254		4.53E+07		5.10E+06		0.11249				1.41254		4.62E+07		5.24E+06		0.11336				1.41254		5.83E+07		6.53E+06		0.11207						49.93		5.62		0.11264

		1.58489		4.57E+07		5.17E+06		0.11305				1.58489		4.66E+07		5.30E+06		0.11378				1.58489		5.88E+07		6.61E+06		0.11243						50.34		5.69		0.1130866667

		1.77828		4.61E+07		5.23E+06		0.11333				1.77828		4.69E+07		5.35E+06		0.11404				1.77828		5.93E+07		6.65E+06		0.11204						50.80		5.74		0.1131366667

		1.99526		4.65E+07		5.31E+06		0.11414				1.99526		4.74E+07		5.46E+06		0.11531				1.99526		5.99E+07		6.78E+06		0.11316						51.25		5.85		0.1142033333

		2.23872		4.70E+07		5.45E+06		0.1159				2.23872		4.78E+07		5.57E+06		0.11633				2.23872		6.04E+07		6.90E+06		0.11434						51.73		5.97		0.1155233333

		2.51189		4.74E+07		5.51E+06		0.11613				2.51189		4.83E+07		5.65E+06		0.11702				2.51189		6.09E+07		7.01E+06		0.11513						52.19		6.05		0.1160933333

		2.81838		4.79E+07		5.66E+06		0.1181				2.81838		4.86E+07		5.74E+06		0.11807				2.81838		6.12E+07		7.12E+06		0.11626						52.56		6.17		0.1174766667

		3.16228		4.83E+07		5.78E+06		0.1197				3.16228		4.90E+07		5.84E+06		0.11906				3.16228		6.17E+07		7.20E+06		0.11659						53.02		6.27		0.11845

		3.54813		4.87E+07		5.76E+06		0.11828				3.54813		4.95E+07		5.98E+06		0.12071				3.54813		6.24E+07		7.43E+06		0.11907						53.55		6.39		0.1193533333

		3.98107		4.92E+07		5.89E+06		0.11985				3.98107		4.99E+07		6.09E+06		0.12216				3.98107		6.29E+07		7.56E+06		0.1202						53.98		6.52		0.1207366667

		4.46684		4.96E+07		6.01E+06		0.12132				4.46684		5.04E+07		6.17E+06		0.12248				4.46684		6.34E+07		7.63E+06		0.1203						54.45		6.60		0.1213666667

		5.01187		5.01E+07		6.13E+06		0.12246				5.01187		5.07E+07		6.28E+06		0.12366				5.01187		6.39E+07		7.78E+06		0.12166						54.92		6.73		0.1225933333

		5.62341		5.05E+07		6.25E+06		0.12367				5.62341		5.13E+07		6.40E+06		0.12478				5.62341		6.45E+07		7.93E+06		0.12286						55.44		6.86		0.12377

		6.30957		5.10E+07		6.33E+06		0.12427				6.30957		5.17E+07		6.52E+06		0.12599				6.30957		6.51E+07		8.06E+06		0.12384						55.93		6.97		0.1247

		7.07946		5.14E+07		6.50E+06		0.12648				7.07946		5.22E+07		6.62E+06		0.12695				7.07946		6.57E+07		8.21E+06		0.12503						56.42		7.11		0.1261533333

		7.94328		5.19E+07		6.64E+06		0.12788				7.94328		5.26E+07		6.78E+06		0.12879				7.94328		6.63E+07		8.38E+06		0.12646						56.94		7.27		0.12771

		8.91251		5.24E+07		6.76E+06		0.12891				8.91251		5.31E+07		6.89E+06		0.12957				8.91251		6.69E+07		8.54E+06		0.12773						57.48		7.40		0.1287366667

		10		5.29E+07		6.90E+06		0.13042				10		5.36E+07		7.04E+06		0.1314				10		6.75E+07		8.71E+06		0.12909						57.99		7.55		0.1303033333

		11.2202		5.34E+07		7.05E+06		0.13187				11.2202		5.41E+07		7.18E+06		0.13255				11.2202		6.81E+07		8.87E+06		0.13014						58.57		7.70		0.13152

		12.5893		5.40E+07		7.19E+06		0.13316				12.5893		5.47E+07		7.30E+06		0.13356				12.5893		6.88E+07		9.07E+06		0.13189						59.14		7.85		0.13287

		14.1254		5.45E+07		7.34E+06		0.13473				14.1254		5.52E+07		7.47E+06		0.13522				14.1254		6.94E+07		9.21E+06		0.13267						59.72		8.01		0.1342066667

		15.8489		5.50E+07		7.48E+06		0.13584				15.8489		5.57E+07		7.61E+06		0.13652				15.8489		7.01E+07		9.39E+06		0.13401						60.29		8.16		0.1354566667

		17.7828		5.56E+07		7.65E+06		0.13768				17.7828		5.63E+07		7.77E+06		0.13808				17.7828		7.08E+07		9.63E+06		0.13605						60.89		8.35		0.13727

		19.9526		5.62E+07		7.80E+06		0.13888				19.9526		5.69E+07		7.94E+06		0.13963				19.9526		7.15E+07		9.81E+06		0.13728						61.50		8.52		0.1385966667

		22.3872		5.67E+07		7.96E+06		0.14028				22.3872		5.74E+07		8.08E+06		0.1407				22.3872		7.22E+07		1.00E+07		0.13863						62.12		8.68		0.13987

		25.1189		5.74E+07		8.11E+06		0.14133				25.1189		5.80E+07		8.25E+06		0.14218				25.1189		7.29E+07		1.02E+07		0.13981						62.76		8.85		0.1411066667

		28.1838		5.80E+07		8.28E+06		0.14283				28.1838		5.86E+07		8.39E+06		0.14302				28.1838		7.37E+07		1.04E+07		0.14102						63.42		9.02		0.14229

		31.6228		5.86E+07		8.45E+06		0.14421				31.6228		5.93E+07		8.58E+06		0.14485				31.6228		7.44E+07		1.06E+07		0.14254						64.10		9.22		0.1438666667

		35.4813		5.92E+07		8.63E+06		0.14565				35.4813		5.99E+07		8.76E+06		0.14632				35.4813		7.52E+07		1.08E+07		0.14407						64.77		9.41		0.1453466667

		39.8107		5.99E+07		8.79E+06		0.14675				39.8107		6.05E+07		8.92E+06		0.14726				39.8107		7.60E+07		1.10E+07		0.14491						65.46		9.57		0.1463066667

		44.6684		6.05E+07		8.95E+06		0.1479				44.6684		6.11E+07		9.10E+06		0.14889				44.6684		7.68E+07		1.12E+07		0.14627						66.15		9.76		0.1476866667

		50.1187		6.11E+07		9.12E+06		0.14917				50.1187		6.18E+07		9.26E+06		0.14984				50.1187		7.76E+07		1.14E+07		0.14737						66.84		9.94		0.1487933333

		56.2341		6.18E+07		9.28E+06		0.15022				56.2341		6.24E+07		9.42E+06		0.15085				56.2341		7.85E+07		1.17E+07		0.14871						67.57		10.12		0.1499266667

		63.0957		6.25E+07		9.45E+06		0.15118				63.0957		6.32E+07		9.58E+06		0.15171				63.0957		7.93E+07		1.19E+07		0.14969						68.33		10.30		0.15086

		70.7946		6.32E+07		9.70E+06		0.1535				70.7946		6.39E+07		9.73E+06		0.15222				70.7946		8.02E+07		1.21E+07		0.15044						69.10		10.50		0.1520533333

		79.4328		6.39E+07		9.80E+06		0.15335				79.4328		6.46E+07		9.93E+06		0.15386				79.4328		8.11E+07		1.23E+07		0.1514						69.87		10.67		0.15287

		89.1251		6.47E+07		9.96E+06		0.15395				89.1251		6.54E+07		1.00E+07		0.15367				89.1251		8.20E+07		1.25E+07		0.15192						70.70		10.82		0.15318

		100		6.54E+07		1.01E+07		0.15467				100		6.61E+07		1.02E+07		0.15452				100		8.30E+07		1.27E+07		0.15247						71.51		11.00		0.1538866667
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		50.1187		3.08E+07		4.51E+06		0.14645				50.1187		3.32E+07		4.82E+06		0.14525				50.1187		2.15E+07		3.18E+06		0.14749						28.51		4.17		0.1463966667

		56.2341		3.11E+07		4.59E+06		0.14756				56.2341		3.35E+07		4.88E+06		0.14539				56.2341		2.18E+07		3.20E+06		0.14666						28.83		4.22		0.1465366667

		63.0957		3.15E+07		4.66E+06		0.14826				63.0957		3.39E+07		4.97E+06		0.14654				63.0957		2.21E+07		3.27E+06		0.14759						29.17		4.30		0.1474633333

		70.7946		3.18E+07		4.75E+06		0.14961				70.7946		3.42E+07		5.09E+06		0.14864				70.7946		2.25E+07		3.23E+06		0.14404						29.48		4.36		0.14743

		79.4328		3.21E+07		4.83E+06		0.15025				79.4328		3.46E+07		5.15E+06		0.14859				79.4328		2.29E+07		3.39E+06		0.14847						29.87		4.46		0.1491033333

		89.1251		3.25E+07		4.89E+06		0.15061				89.1251		3.51E+07		5.22E+06		0.14885				89.1251		2.32E+07		3.39E+06		0.14598						30.26		4.50		0.14848

		100		3.28E+07		5.01E+06		0.15299				100		3.55E+07		5.28E+06		0.14892				100		2.37E+07		3.45E+06		0.1456						30.64		4.58		0.14917





E005x4

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		5.48E+07		6.70E+06		0.12238				1		6.48E+07		7.53E+06		0.11617				1		6.06E+07		7.39E+06		0.12187						60.07		7.21		0.12014

		1.12202		5.56E+07		6.68E+06		0.11996				1.12202		6.54E+07		7.55E+06		0.11552				1.12202		6.13E+07		7.37E+06		0.12029						60.77		7.20		0.11859

		1.25893		5.63E+07		6.71E+06		0.1192				1.25893		6.59E+07		7.63E+06		0.11569				1.25893		6.20E+07		7.36E+06		0.1188						61.39		7.23		0.1178966667

		1.41254		5.69E+07		6.81E+06		0.11959				1.41254		6.65E+07		7.67E+06		0.11528				1.41254		6.25E+07		7.50E+06		0.11987						62.00		7.32		0.1182466667

		1.58489		5.75E+07		6.89E+06		0.11981				1.58489		6.71E+07		7.82E+06		0.11656				1.58489		6.31E+07		7.56E+06		0.11986						62.56		7.42		0.1187433333

		1.77828		5.80E+07		6.98E+06		0.12024				1.77828		6.77E+07		7.92E+06		0.11702				1.77828		6.37E+07		7.70E+06		0.12103						63.12		7.53		0.11943

		1.99526		5.86E+07		7.05E+06		0.12028				1.99526		6.83E+07		7.99E+06		0.11709				1.99526		6.43E+07		7.79E+06		0.12119						63.74		7.61		0.11952

		2.23872		5.91E+07		7.22E+06		0.12212				2.23872		6.88E+07		8.18E+06		0.11875				2.23872		6.48E+07		7.91E+06		0.12207						64.26		7.77		0.12098

		2.51189		5.97E+07		7.31E+06		0.12239				2.51189		6.94E+07		8.32E+06		0.11984				2.51189		6.54E+07		8.07E+06		0.12335						64.85		7.90		0.12186

		2.81838		6.03E+07		7.44E+06		0.12339				2.81838		7.01E+07		8.47E+06		0.12089				2.81838		6.60E+07		8.11E+06		0.12293						65.46		8.01		0.1224033333

		3.16228		6.09E+07		7.61E+06		0.12489				3.16228		7.07E+07		8.62E+06		0.12196				3.16228		6.66E+07		8.27E+06		0.12414						66.06		8.16		0.1236633333

		3.54813		6.14E+07		7.69E+06		0.12514				3.54813		7.12E+07		8.74E+06		0.12274				3.54813		6.72E+07		8.45E+06		0.12576						66.61		8.29		0.1245466667

		3.98107		6.20E+07		7.81E+06		0.12597				3.98107		7.18E+07		8.90E+06		0.12394				3.98107		6.78E+07		8.57E+06		0.1265						67.20		8.43		0.12547

		4.46684		6.26E+07		7.95E+06		0.12702				4.46684		7.25E+07		9.08E+06		0.12519				4.46684		6.84E+07		8.72E+06		0.12742						67.84		8.58		0.1265433333

		5.01187		6.32E+07		8.12E+06		0.12851				5.01187		7.33E+07		9.26E+06		0.12632				5.01187		6.91E+07		8.91E+06		0.12885						68.53		8.76		0.1278933333

		5.62341		6.38E+07		8.27E+06		0.12967				5.62341		7.39E+07		9.41E+06		0.12729				5.62341		6.98E+07		9.04E+06		0.12963						69.15		8.91		0.1288633333

		6.30957		6.44E+07		8.42E+06		0.13075				6.30957		7.46E+07		9.59E+06		0.12859				6.30957		7.05E+07		9.25E+06		0.13129						69.81		9.09		0.13021

		7.07946		6.50E+07		8.58E+06		0.13195				7.07946		7.52E+07		9.76E+06		0.12976				7.07946		7.11E+07		9.42E+06		0.13245						70.44		9.25		0.1313866667

		7.94328		6.56E+07		8.75E+06		0.13323				7.94328		7.59E+07		9.95E+06		0.13109				7.94328		7.18E+07		9.58E+06		0.13346						71.11		9.43		0.1325933333

		8.91251		6.63E+07		8.91E+06		0.13445				8.91251		7.66E+07		1.01E+07		0.13223				8.91251		7.25E+07		9.77E+06		0.13479						71.80		9.60		0.1338233333

		10		6.69E+07		9.08E+06		0.13563				10		7.73E+07		1.03E+07		0.13369				10		7.33E+07		9.98E+06		0.13623						72.50		9.80		0.1351833333

		11.2202		6.76E+07		9.26E+06		0.13694				11.2202		7.80E+07		1.05E+07		0.13485				11.2202		7.39E+07		1.02E+07		0.13731						73.19		9.98		0.1363666667

		12.5893		6.83E+07		9.43E+06		0.13806				12.5893		7.88E+07		1.07E+07		0.13603				12.5893		7.47E+07		1.03E+07		0.13831						73.91		10.16		0.1374666667

		14.1254		6.90E+07		9.61E+06		0.13939				14.1254		7.96E+07		1.09E+07		0.13752				14.1254		7.54E+07		1.06E+07		0.13994						74.65		10.37		0.13895

		15.8489		6.97E+07		9.79E+06		0.14052				15.8489		8.04E+07		1.11E+07		0.13852				15.8489		7.62E+07		1.07E+07		0.14097						75.40		10.55		0.1400033333

		17.7828		7.04E+07		1.00E+07		0.14212				17.7828		8.12E+07		1.14E+07		0.14006				17.7828		7.69E+07		1.10E+07		0.14291						76.15		10.79		0.1416966667

		19.9526		7.11E+07		1.02E+07		0.14353				19.9526		8.20E+07		1.16E+07		0.14157				19.9526		7.76E+07		1.12E+07		0.14397						76.93		11.00		0.1430233333

		22.3872		7.19E+07		1.04E+07		0.14471				22.3872		8.29E+07		1.19E+07		0.14303				22.3872		7.84E+07		1.14E+07		0.14526						77.74		11.22		0.1443333333

		25.1189		7.27E+07		1.06E+07		0.14626				25.1189		8.38E+07		1.21E+07		0.14418				25.1189		7.92E+07		1.16E+07		0.14665						78.57		11.44		0.1456966667

		28.1838		7.35E+07		1.08E+07		0.1475				28.1838		8.46E+07		1.23E+07		0.14567				28.1838		8.01E+07		1.18E+07		0.14783						79.42		11.67		0.147

		31.6228		7.43E+07		1.11E+07		0.14892				31.6228		8.55E+07		1.25E+07		0.14665				31.6228		8.09E+07		1.21E+07		0.14922						80.24		11.89		0.1482633333

		35.4813		7.51E+07		1.12E+07		0.1498				35.4813		8.64E+07		1.28E+07		0.14799				35.4813		8.18E+07		1.23E+07		0.15028						81.10		12.11		0.1493566667

		39.8107		7.59E+07		1.15E+07		0.15105				39.8107		8.74E+07		1.30E+07		0.14921				39.8107		8.27E+07		1.25E+07		0.15153						82.01		12.35		0.1505966667

		44.6684		7.67E+07		1.17E+07		0.15237				44.6684		8.83E+07		1.33E+07		0.15018				44.6684		8.37E+07		1.28E+07		0.15259						82.92		12.58		0.1517133333

		50.1187		7.76E+07		1.19E+07		0.15314				50.1187		8.93E+07		1.35E+07		0.15147				50.1187		8.47E+07		1.30E+07		0.15373						83.84		12.81		0.15278

		56.2341		7.85E+07		1.21E+07		0.15442				56.2341		9.04E+07		1.38E+07		0.15226				56.2341		8.57E+07		1.33E+07		0.1547						84.86		13.05		0.1537933333

		63.0957		7.95E+07		1.23E+07		0.15527				63.0957		9.14E+07		1.40E+07		0.1532				63.0957		8.66E+07		1.35E+07		0.15586						85.82		13.28		0.1547766667

		70.7946		8.02E+07		1.25E+07		0.15599				70.7946		9.24E+07		1.42E+07		0.15391				70.7946		8.75E+07		1.37E+07		0.15681						86.73		13.49		0.15557

		79.4328		8.13E+07		1.28E+07		0.15721				79.4328		9.36E+07		1.45E+07		0.15499				79.4328		8.87E+07		1.39E+07		0.15716						87.85		13.74		0.1564533333

		89.1251		8.21E+07		1.30E+07		0.15783				89.1251		9.47E+07		1.47E+07		0.15537				89.1251		8.97E+07		1.42E+07		0.1581						88.82		13.95		0.1571

		100		8.30E+07		1.31E+07		0.15807				100		9.58E+07		1.49E+07		0.15587				100		9.07E+07		1.43E+07		0.15807						89.86		14.13		0.1573366667





E02Gx4

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		9.85E+07		1.16E+07		0.11802				1		1.46E+08		1.64E+07		0.11207				1		1.15E+08		1.34E+07		0.11604						119.95		13.79		0.1154

		1.12202		9.95E+07		1.17E+07		0.1176				1.12202		1.47E+08		1.64E+07		0.11122				1.12202		1.16E+08		1.35E+07		0.11576						121.01		13.85		0.1149

		1.25893		1.00E+08		1.17E+07		0.11684				1.25893		1.49E+08		1.65E+07		0.11107				1.25893		1.17E+08		1.35E+07		0.1153						122.18		13.93		0.1144

		1.41254		1.01E+08		1.19E+07		0.11716				1.41254		1.50E+08		1.67E+07		0.11095				1.41254		1.19E+08		1.36E+07		0.1151						123.27		14.05		0.1144

		1.58489		1.02E+08		1.21E+07		0.11804				1.58489		1.51E+08		1.69E+07		0.11156				1.58489		1.20E+08		1.38E+07		0.11521						124.37		14.24		0.1149

		1.77828		1.03E+08		1.21E+07		0.11724				1.77828		1.52E+08		1.72E+07		0.11268				1.77828		1.21E+08		1.40E+07		0.11608						125.42		14.43		0.1153

		1.99526		1.04E+08		1.23E+07		0.11869				1.99526		1.54E+08		1.74E+07		0.11285				1.99526		1.22E+08		1.42E+07		0.11634						126.51		14.62		0.1160

		2.23872		1.05E+08		1.25E+07		0.11916				2.23872		1.55E+08		1.76E+07		0.11342				2.23872		1.23E+08		1.45E+07		0.11763						127.62		14.85		0.1167

		2.51189		1.06E+08		1.27E+07		0.11964				2.51189		1.56E+08		1.79E+07		0.11459				2.51189		1.24E+08		1.46E+07		0.11783						128.73		15.06		0.1174

		2.81838		1.07E+08		1.29E+07		0.12076				2.81838		1.58E+08		1.83E+07		0.11565				2.81838		1.25E+08		1.48E+07		0.11858						129.83		15.32		0.1183

		3.16228		1.08E+08		1.32E+07		0.12236				3.16228		1.60E+08		1.87E+07		0.11702				3.16228		1.26E+08		1.50E+07		0.11924						131.09		15.63		0.1195

		3.54813		1.09E+08		1.34E+07		0.1231				3.54813		1.61E+08		1.87E+07		0.11647				3.54813		1.27E+08		1.54E+07		0.12138						132.19		15.84		0.1203

		3.98107		1.10E+08		1.35E+07		0.12352				3.98107		1.62E+08		1.92E+07		0.11821				3.98107		1.28E+08		1.56E+07		0.12163						133.30		16.10		0.1211

		4.46684		1.11E+08		1.38E+07		0.12476				4.46684		1.64E+08		1.97E+07		0.12024				4.46684		1.29E+08		1.59E+07		0.12281						134.53		16.45		0.1226

		5.01187		1.12E+08		1.41E+07		0.12616				5.01187		1.65E+08		1.98E+07		0.12021				5.01187		1.31E+08		1.62E+07		0.12359						135.77		16.69		0.1233

		5.62341		1.13E+08		1.43E+07		0.12743				5.62341		1.67E+08		2.03E+07		0.12164				5.62341		1.32E+08		1.65E+07		0.1248						136.98		17.02		0.1246

		6.30957		1.14E+08		1.45E+07		0.12781				6.30957		1.68E+08		2.07E+07		0.1233				6.30957		1.33E+08		1.68E+07		0.12615						138.23		17.34		0.1258

		7.07946		1.15E+08		1.48E+07		0.12924				7.07946		1.70E+08		2.10E+07		0.12391				7.07946		1.34E+08		1.70E+07		0.127						139.53		17.63		0.1267

		7.94328		1.16E+08		1.51E+07		0.13063				7.94328		1.71E+08		2.16E+07		0.12604				7.94328		1.36E+08		1.74E+07		0.1287						140.78		18.04		0.1285

		8.91251		1.17E+08		1.54E+07		0.13176				8.91251		1.73E+08		2.20E+07		0.12749				8.91251		1.37E+08		1.77E+07		0.12923						142.11		18.36		0.1295

		10		1.18E+08		1.57E+07		0.13276				10		1.74E+08		2.24E+07		0.12844				10		1.38E+08		1.81E+07		0.13126						143.41		18.72		0.1308

		11.2202		1.19E+08		1.60E+07		0.13448				11.2202		1.76E+08		2.29E+07		0.13002				11.2202		1.39E+08		1.84E+07		0.13215						144.79		19.10		0.1322

		12.5893		1.20E+08		1.63E+07		0.13531				12.5893		1.78E+08		2.34E+07		0.13158				12.5893		1.41E+08		1.88E+07		0.1337						146.17		19.48		0.1335

		14.1254		1.21E+08		1.66E+07		0.13677				14.1254		1.79E+08		2.38E+07		0.13267				14.1254		1.42E+08		1.92E+07		0.13485						147.63		19.85		0.1348

		15.8489		1.23E+08		1.69E+07		0.13789				15.8489		1.81E+08		2.42E+07		0.13399				15.8489		1.43E+08		1.96E+07		0.13629						149.03		20.24		0.1361

		17.7828		1.24E+08		1.73E+07		0.13984				17.7828		1.83E+08		2.48E+07		0.13558				17.7828		1.45E+08		2.00E+07		0.13777						150.55		20.69		0.1377

		19.9526		1.25E+08		1.77E+07		0.1411				19.9526		1.85E+08		2.53E+07		0.13706				19.9526		1.46E+08		2.04E+07		0.13937						152.04		21.12		0.1392

		22.3872		1.26E+08		1.80E+07		0.14263				22.3872		1.86E+08		2.58E+07		0.13866				22.3872		1.48E+08		2.08E+07		0.14061						153.68		21.57		0.1406

		25.1189		1.28E+08		1.84E+07		0.14432				25.1189		1.88E+08		2.64E+07		0.14009				25.1189		1.50E+08		2.13E+07		0.1421						155.18		22.02		0.1422

		28.1838		1.29E+08		1.88E+07		0.14517				28.1838		1.90E+08		2.69E+07		0.14135				28.1838		1.51E+08		2.17E+07		0.14358						156.89		22.45		0.1434

		31.6228		1.30E+08		1.91E+07		0.14671				31.6228		1.92E+08		2.75E+07		0.14285				31.6228		1.53E+08		2.21E+07		0.14486						158.48		22.91		0.1448

		35.4813		1.32E+08		1.95E+07		0.14801				35.4813		1.94E+08		2.80E+07		0.14419				35.4813		1.54E+08		2.25E+07		0.1458						160.21		23.35		0.1460

		39.8107		1.33E+08		1.99E+07		0.14941				39.8107		1.96E+08		2.85E+07		0.14543				39.8107		1.56E+08		2.30E+07		0.14747						161.90		23.83		0.1474

		44.6684		1.35E+08		2.02E+07		0.15018				44.6684		1.98E+08		2.91E+07		0.14684				44.6684		1.58E+08		2.35E+07		0.1487						163.62		24.27		0.1486

		50.1187		1.36E+08		2.06E+07		0.15146				50.1187		2.01E+08		2.97E+07		0.14788				50.1187		1.59E+08		2.39E+07		0.14992						165.38		24.73		0.1498

		56.2341		1.38E+08		2.11E+07		0.1531				56.2341		2.03E+08		3.03E+07		0.14955				56.2341		1.61E+08		2.43E+07		0.15086						167.23		25.24		0.1512

		63.0957		1.39E+08		2.15E+07		0.15402				63.0957		2.05E+08		3.08E+07		0.15049				63.0957		1.63E+08		2.48E+07		0.15197						169.06		25.69		0.1522

		70.7946		1.41E+08		2.17E+07		0.15407				70.7946		2.07E+08		3.12E+07		0.15067				70.7946		1.65E+08		2.49E+07		0.15119						170.98		25.95		0.1520

		79.4328		1.42E+08		2.21E+07		0.15489				79.4328		2.10E+08		3.19E+07		0.15243				79.4328		1.67E+08		2.56E+07		0.1538						172.89		26.55		0.1537

		89.1251		1.44E+08		2.26E+07		0.15667				89.1251		2.12E+08		3.24E+07		0.15301				89.1251		1.69E+08		2.63E+07		0.15578						174.95		27.10		0.1552

		100		1.46E+08		2.29E+07		0.15731				100		2.14E+08		3.30E+07		0.15393				100		1.71E+08		2.65E+07		0.15513						176.92		27.47		0.1555





E06Gx4

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		3.04E+07		3.61E+06		0.11902				1		3.74E+07		4.29E+06		0.11485				1		3.60E+07		4.15E+06		0.11505						34.58		4.02		0.1163066667

		1.12202		3.06E+07		3.61E+06		0.1179				1.12202		3.77E+07		4.24E+06		0.1125				1.12202		3.63E+07		4.12E+06		0.11359						34.85		3.99		0.1146633333

		1.25893		3.09E+07		3.64E+06		0.11788				1.25893		3.81E+07		4.26E+06		0.11172				1.25893		3.66E+07		4.12E+06		0.1128						35.17		4.01		0.1141333333

		1.41254		3.11E+07		3.66E+06		0.11774				1.41254		3.84E+07		4.33E+06		0.11277				1.41254		3.68E+07		4.17E+06		0.11359						35.43		4.06		0.1147

		1.58489		3.14E+07		3.70E+06		0.11796				1.58489		3.87E+07		4.40E+06		0.11365				1.58489		3.70E+07		4.21E+06		0.11374						35.71		4.10		0.1151166667

		1.77828		3.16E+07		3.74E+06		0.11842				1.77828		3.90E+07		4.41E+06		0.11295				1.77828		3.72E+07		4.29E+06		0.11507						35.96		4.15		0.11548

		1.99526		3.19E+07		3.81E+06		0.11956				1.99526		3.94E+07		4.52E+06		0.11487				1.99526		3.75E+07		4.35E+06		0.11592						36.24		4.23		0.1167833333

		2.23872		3.21E+07		3.88E+06		0.12078				2.23872		3.97E+07		4.63E+06		0.11678				2.23872		3.77E+07		4.42E+06		0.11723						36.50		4.31		0.1182633333

		2.51189		3.24E+07		3.94E+06		0.12149				2.51189		4.00E+07		4.69E+06		0.11725				2.51189		3.80E+07		4.46E+06		0.11726						36.80		4.36		0.1186666667

		2.81838		3.27E+07		3.97E+06		0.12147				2.81838		4.04E+07		4.73E+06		0.11721				2.81838		3.83E+07		4.58E+06		0.1194						37.13		4.43		0.11936

		3.16228		3.29E+07		4.04E+06		0.12268				3.16228		4.07E+07		4.85E+06		0.1191				3.16228		3.86E+07		4.68E+06		0.12101						37.43		4.52		0.12093

		3.54813		3.32E+07		4.14E+06		0.12452				3.54813		4.10E+07		4.89E+06		0.11925				3.54813		3.89E+07		4.69E+06		0.12039						37.72		4.57		0.1213866667

		3.98107		3.36E+07		4.23E+06		0.12592				3.98107		4.14E+07		4.96E+06		0.11984				3.98107		3.93E+07		4.78E+06		0.12184						38.07		4.66		0.1225333333

		4.46684		3.39E+07		4.26E+06		0.12574				4.46684		4.17E+07		5.10E+06		0.12232				4.46684		3.95E+07		4.88E+06		0.12361						38.37		4.75		0.12389

		5.01187		3.42E+07		4.34E+06		0.12698				5.01187		4.21E+07		5.16E+06		0.1226				5.01187		3.99E+07		4.98E+06		0.12503						38.71		4.83		0.12487

		5.62341		3.45E+07		4.43E+06		0.12845				5.62341		4.25E+07		5.29E+06		0.12447				5.62341		4.02E+07		5.04E+06		0.12533						39.04		4.92		0.1260833333

		6.30957		3.48E+07		4.54E+06		0.13031				6.30957		4.29E+07		5.36E+06		0.12512				6.30957		4.05E+07		5.17E+06		0.12761						39.40		5.02		0.12768

		7.07946		3.51E+07		4.60E+06		0.1311				7.07946		4.32E+07		5.48E+06		0.1267				7.07946		4.09E+07		5.25E+06		0.12839						39.74		5.11		0.12873

		7.94328		3.54E+07		4.64E+06		0.13105				7.94328		4.36E+07		5.58E+06		0.12802				7.94328		4.12E+07		5.36E+06		0.13012						40.09		5.20		0.12973

		8.91251		3.57E+07		4.75E+06		0.13297				8.91251		4.40E+07		5.70E+06		0.12936				8.91251		4.16E+07		5.45E+06		0.13089						40.46		5.30		0.1310733333

		10		3.61E+07		4.85E+06		0.13437				10		4.44E+07		5.81E+06		0.13073				10		4.19E+07		5.55E+06		0.13226						40.82		5.40		0.1324533333

		11.2202		3.64E+07		4.94E+06		0.13562				11.2202		4.49E+07		5.93E+06		0.13209				11.2202		4.23E+07		5.66E+06		0.13367						41.21		5.51		0.1337933333

		12.5893		3.68E+07		5.04E+06		0.13715				12.5893		4.53E+07		6.03E+06		0.13313				12.5893		4.27E+07		5.79E+06		0.13554						41.59		5.62		0.1352733333

		14.1254		3.71E+07		5.12E+06		0.1379				14.1254		4.57E+07		6.16E+06		0.13471				14.1254		4.31E+07		5.89E+06		0.13647						41.99		5.72		0.13636

		15.8489		3.75E+07		5.24E+06		0.13989				15.8489		4.62E+07		6.26E+06		0.13551				15.8489		4.35E+07		5.99E+06		0.13762						42.39		5.83		0.1376733333

		17.7828		3.78E+07		5.36E+06		0.1415				17.7828		4.66E+07		6.43E+06		0.13795				17.7828		4.39E+07		6.14E+06		0.13975						42.81		5.98		0.1397333333

		19.9526		3.82E+07		5.45E+06		0.14252				19.9526		4.71E+07		6.55E+06		0.13907				19.9526		4.44E+07		6.27E+06		0.14127						43.23		6.09		0.1409533333

		22.3872		3.86E+07		5.56E+06		0.14397				22.3872		4.75E+07		6.68E+06		0.14059				22.3872		4.48E+07		6.39E+06		0.14271						43.64		6.21		0.1424233333

		25.1189		3.89E+07		5.67E+06		0.1455				25.1189		4.80E+07		6.82E+06		0.14204				25.1189		4.53E+07		6.52E+06		0.14411						44.07		6.34		0.1438833333

		28.1838		3.93E+07		5.76E+06		0.14647				28.1838		4.85E+07		6.95E+06		0.14333				28.1838		4.57E+07		6.65E+06		0.14544						44.52		6.45		0.14508

		31.6228		3.97E+07		5.88E+06		0.14805				31.6228		4.90E+07		7.10E+06		0.14483				31.6228		4.61E+07		6.78E+06		0.1471						44.94		6.59		0.14666

		35.4813		4.01E+07		6.02E+06		0.14985				35.4813		4.95E+07		7.23E+06		0.14603				35.4813		4.65E+07		6.89E+06		0.14817						45.39		6.71		0.1480166667

		39.8107		4.06E+07		6.12E+06		0.15072				39.8107		5.00E+07		7.38E+06		0.14741				39.8107		4.70E+07		7.04E+06		0.14971						45.88		6.84		0.14928

		44.6684		4.10E+07		6.23E+06		0.15177				44.6684		5.06E+07		7.51E+06		0.14832				44.6684		4.75E+07		7.16E+06		0.15065						46.39		6.96		0.1502466667

		50.1187		4.15E+07		6.33E+06		0.15257				50.1187		5.11E+07		7.64E+06		0.14939				50.1187		4.80E+07		7.29E+06		0.1518						46.89		7.09		0.1512533333

		56.2341		4.19E+07		6.46E+06		0.15414				56.2341		5.17E+07		7.80E+06		0.15089				56.2341		4.86E+07		7.45E+06		0.15342						47.40		7.24		0.1528166667

		63.0957		4.24E+07		6.59E+06		0.15544				63.0957		5.23E+07		7.95E+06		0.15209				63.0957		4.91E+07		7.58E+06		0.15438						47.93		7.37		0.15397

		70.7946		4.29E+07		6.71E+06		0.1566				70.7946		5.29E+07		8.12E+06		0.15339				70.7946		4.96E+07		7.68E+06		0.15493						48.46		7.50		0.1549733333

		79.4328		4.34E+07		6.81E+06		0.15699				79.4328		5.35E+07		8.21E+06		0.15344				79.4328		5.02E+07		7.83E+06		0.15597						49.03		7.62		0.1554666667

		89.1251		4.39E+07		6.89E+06		0.15721				89.1251		5.41E+07		8.33E+06		0.15398				89.1251		5.08E+07		7.97E+06		0.15693						49.58		7.73		0.15604

		100		4.43E+07		7.01E+06		0.15796				100		5.47E+07		8.48E+06		0.15506				100		5.14E+07		8.08E+06		0.15736						50.15		7.86		0.1567933333





E1Gx4

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		4.41E+07		4.98E+06		0.1131				1		4.50E+07		5.14E+06		0.11416				1		5.66E+07		6.48E+06		0.11449						48.57		5.54		0.1139166667

		1.12202		4.45E+07		5.02E+06		0.11289				1.12202		4.54E+07		5.16E+06		0.11352				1.12202		5.72E+07		6.46E+06		0.11292						49.05		5.55		0.11311

		1.25893		4.49E+07		5.06E+06		0.11277				1.25893		4.58E+07		5.17E+06		0.11276				1.25893		5.77E+07		6.43E+06		0.11132						49.47		5.55		0.1122833333

		1.41254		4.53E+07		5.10E+06		0.11249				1.41254		4.62E+07		5.24E+06		0.11336				1.41254		5.83E+07		6.53E+06		0.11207						49.93		5.62		0.11264

		1.58489		4.57E+07		5.17E+06		0.11305				1.58489		4.66E+07		5.30E+06		0.11378				1.58489		5.88E+07		6.61E+06		0.11243						50.34		5.69		0.1130866667

		1.77828		4.61E+07		5.23E+06		0.11333				1.77828		4.69E+07		5.35E+06		0.11404				1.77828		5.93E+07		6.65E+06		0.11204						50.80		5.74		0.1131366667

		1.99526		4.65E+07		5.31E+06		0.11414				1.99526		4.74E+07		5.46E+06		0.11531				1.99526		5.99E+07		6.78E+06		0.11316						51.25		5.85		0.1142033333

		2.23872		4.70E+07		5.45E+06		0.1159				2.23872		4.78E+07		5.57E+06		0.11633				2.23872		6.04E+07		6.90E+06		0.11434						51.73		5.97		0.1155233333

		2.51189		4.74E+07		5.51E+06		0.11613				2.51189		4.83E+07		5.65E+06		0.11702				2.51189		6.09E+07		7.01E+06		0.11513						52.19		6.05		0.1160933333

		2.81838		4.79E+07		5.66E+06		0.1181				2.81838		4.86E+07		5.74E+06		0.11807				2.81838		6.12E+07		7.12E+06		0.11626						52.56		6.17		0.1174766667

		3.16228		4.83E+07		5.78E+06		0.1197				3.16228		4.90E+07		5.84E+06		0.11906				3.16228		6.17E+07		7.20E+06		0.11659						53.02		6.27		0.11845

		3.54813		4.87E+07		5.76E+06		0.11828				3.54813		4.95E+07		5.98E+06		0.12071				3.54813		6.24E+07		7.43E+06		0.11907						53.55		6.39		0.1193533333

		3.98107		4.92E+07		5.89E+06		0.11985				3.98107		4.99E+07		6.09E+06		0.12216				3.98107		6.29E+07		7.56E+06		0.1202						53.98		6.52		0.1207366667

		4.46684		4.96E+07		6.01E+06		0.12132				4.46684		5.04E+07		6.17E+06		0.12248				4.46684		6.34E+07		7.63E+06		0.1203						54.45		6.60		0.1213666667

		5.01187		5.01E+07		6.13E+06		0.12246				5.01187		5.07E+07		6.28E+06		0.12366				5.01187		6.39E+07		7.78E+06		0.12166						54.92		6.73		0.1225933333

		5.62341		5.05E+07		6.25E+06		0.12367				5.62341		5.13E+07		6.40E+06		0.12478				5.62341		6.45E+07		7.93E+06		0.12286						55.44		6.86		0.12377

		6.30957		5.10E+07		6.33E+06		0.12427				6.30957		5.17E+07		6.52E+06		0.12599				6.30957		6.51E+07		8.06E+06		0.12384						55.93		6.97		0.1247

		7.07946		5.14E+07		6.50E+06		0.12648				7.07946		5.22E+07		6.62E+06		0.12695				7.07946		6.57E+07		8.21E+06		0.12503						56.42		7.11		0.1261533333

		7.94328		5.19E+07		6.64E+06		0.12788				7.94328		5.26E+07		6.78E+06		0.12879				7.94328		6.63E+07		8.38E+06		0.12646						56.94		7.27		0.12771

		8.91251		5.24E+07		6.76E+06		0.12891				8.91251		5.31E+07		6.89E+06		0.12957				8.91251		6.69E+07		8.54E+06		0.12773						57.48		7.40		0.1287366667

		10		5.29E+07		6.90E+06		0.13042				10		5.36E+07		7.04E+06		0.1314				10		6.75E+07		8.71E+06		0.12909						57.99		7.55		0.1303033333

		11.2202		5.34E+07		7.05E+06		0.13187				11.2202		5.41E+07		7.18E+06		0.13255				11.2202		6.81E+07		8.87E+06		0.13014						58.57		7.70		0.13152

		12.5893		5.40E+07		7.19E+06		0.13316				12.5893		5.47E+07		7.30E+06		0.13356				12.5893		6.88E+07		9.07E+06		0.13189						59.14		7.85		0.13287

		14.1254		5.45E+07		7.34E+06		0.13473				14.1254		5.52E+07		7.47E+06		0.13522				14.1254		6.94E+07		9.21E+06		0.13267						59.72		8.01		0.1342066667

		15.8489		5.50E+07		7.48E+06		0.13584				15.8489		5.57E+07		7.61E+06		0.13652				15.8489		7.01E+07		9.39E+06		0.13401						60.29		8.16		0.1354566667

		17.7828		5.56E+07		7.65E+06		0.13768				17.7828		5.63E+07		7.77E+06		0.13808				17.7828		7.08E+07		9.63E+06		0.13605						60.89		8.35		0.13727

		19.9526		5.62E+07		7.80E+06		0.13888				19.9526		5.69E+07		7.94E+06		0.13963				19.9526		7.15E+07		9.81E+06		0.13728						61.50		8.52		0.1385966667

		22.3872		5.67E+07		7.96E+06		0.14028				22.3872		5.74E+07		8.08E+06		0.1407				22.3872		7.22E+07		1.00E+07		0.13863						62.12		8.68		0.13987

		25.1189		5.74E+07		8.11E+06		0.14133				25.1189		5.80E+07		8.25E+06		0.14218				25.1189		7.29E+07		1.02E+07		0.13981						62.76		8.85		0.1411066667

		28.1838		5.80E+07		8.28E+06		0.14283				28.1838		5.86E+07		8.39E+06		0.14302				28.1838		7.37E+07		1.04E+07		0.14102						63.42		9.02		0.14229

		31.6228		5.86E+07		8.45E+06		0.14421				31.6228		5.93E+07		8.58E+06		0.14485				31.6228		7.44E+07		1.06E+07		0.14254						64.10		9.22		0.1438666667

		35.4813		5.92E+07		8.63E+06		0.14565				35.4813		5.99E+07		8.76E+06		0.14632				35.4813		7.52E+07		1.08E+07		0.14407						64.77		9.41		0.1453466667

		39.8107		5.99E+07		8.79E+06		0.14675				39.8107		6.05E+07		8.92E+06		0.14726				39.8107		7.60E+07		1.10E+07		0.14491						65.46		9.57		0.1463066667

		44.6684		6.05E+07		8.95E+06		0.1479				44.6684		6.11E+07		9.10E+06		0.14889				44.6684		7.68E+07		1.12E+07		0.14627						66.15		9.76		0.1476866667

		50.1187		6.11E+07		9.12E+06		0.14917				50.1187		6.18E+07		9.26E+06		0.14984				50.1187		7.76E+07		1.14E+07		0.14737						66.84		9.94		0.1487933333

		56.2341		6.18E+07		9.28E+06		0.15022				56.2341		6.24E+07		9.42E+06		0.15085				56.2341		7.85E+07		1.17E+07		0.14871						67.57		10.12		0.1499266667

		63.0957		6.25E+07		9.45E+06		0.15118				63.0957		6.32E+07		9.58E+06		0.15171				63.0957		7.93E+07		1.19E+07		0.14969						68.33		10.30		0.15086

		70.7946		6.32E+07		9.70E+06		0.1535				70.7946		6.39E+07		9.73E+06		0.15222				70.7946		8.02E+07		1.21E+07		0.15044						69.10		10.50		0.1520533333

		79.4328		6.39E+07		9.80E+06		0.15335				79.4328		6.46E+07		9.93E+06		0.15386				79.4328		8.11E+07		1.23E+07		0.1514						69.87		10.67		0.15287

		89.1251		6.47E+07		9.96E+06		0.15395				89.1251		6.54E+07		1.00E+07		0.15367				89.1251		8.20E+07		1.25E+07		0.15192						70.70		10.82		0.15318

		100		6.54E+07		1.01E+07		0.15467				100		6.61E+07		1.02E+07		0.15452				100		8.30E+07		1.27E+07		0.15247						71.51		11.00		0.1538866667
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Neatx4

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		Mpa

		1		2.29E+07		2.46E+06		0.10729				1		2.38E+07		2.74E+06		0.115				1		1.51E+07		1.96E+06		0.12998						20.62		2.39		0.1174233333

		1.12202		2.31E+07		2.48E+06		0.10715				1.12202		2.41E+07		2.74E+06		0.11387				1.12202		1.53E+07		1.95E+06		0.12754						20.83		2.39		0.1161866667

		1.25893		2.33E+07		2.51E+06		0.10794				1.25893		2.43E+07		2.79E+06		0.11474				1.25893		1.55E+07		1.96E+06		0.12632						21.04		2.42		0.1163333333

		1.41254		2.35E+07		2.55E+06		0.10844				1.41254		2.46E+07		2.81E+06		0.1142				1.41254		1.57E+07		1.95E+06		0.12471						21.25		2.44		0.1157833333

		1.58489		2.36E+07		2.58E+06		0.1093				1.58489		2.48E+07		2.83E+06		0.11404				1.58489		1.58E+07		1.97E+06		0.12479						21.43		2.46		0.1160433333

		1.77828		2.38E+07		2.62E+06		0.11023				1.77828		2.51E+07		2.89E+06		0.11524				1.77828		1.60E+07		2.00E+06		0.12496						21.62		2.50		0.11681

		1.99526		2.40E+07		2.67E+06		0.1113				1.99526		2.53E+07		2.91E+06		0.11503				1.99526		1.61E+07		2.02E+06		0.12523						21.81		2.53		0.1171866667

		2.23872		2.42E+07		2.70E+06		0.11158				2.23872		2.56E+07		2.97E+06		0.11626				2.23872		1.63E+07		2.05E+06		0.12591						22.01		2.57		0.1179166667

		2.51189		2.43E+07		2.76E+06		0.11328				2.51189		2.58E+07		3.02E+06		0.11711				2.51189		1.65E+07		2.09E+06		0.12653						22.21		2.62		0.1189733333

		2.81838		2.46E+07		2.82E+06		0.11476				2.81838		2.60E+07		3.03E+06		0.11648				2.81838		1.67E+07		2.10E+06		0.12572						22.43		2.65		0.1189866667

		3.16228		2.48E+07		2.86E+06		0.11573				3.16228		2.62E+07		3.09E+06		0.1178				3.16228		1.69E+07		2.13E+06		0.12652						22.62		2.70		0.1200166667

		3.54813		2.49E+07		2.88E+06		0.11553				3.54813		2.65E+07		3.16E+06		0.11916				3.54813		1.69E+07		2.14E+06		0.12684						22.77		2.73		0.12051

		3.98107		2.52E+07		2.95E+06		0.11721				3.98107		2.67E+07		3.19E+06		0.11947				3.98107		1.71E+07		2.15E+06		0.12546						23.01		2.76		0.1207133333

		4.46684		2.54E+07		3.01E+06		0.11862				4.46684		2.70E+07		3.26E+06		0.12067				4.46684		1.73E+07		2.22E+06		0.12815						23.22		2.83		0.12248

		5.01187		2.56E+07		3.07E+06		0.12023				5.01187		2.72E+07		3.30E+06		0.12122				5.01187		1.74E+07		2.24E+06		0.12881						23.40		2.87		0.12342

		5.62341		2.58E+07		3.14E+06		0.12173				5.62341		2.75E+07		3.36E+06		0.12215				5.62341		1.75E+07		2.28E+06		0.12985						23.61		2.93		0.1245766667

		6.30957		2.60E+07		3.18E+06		0.12232				6.30957		2.78E+07		3.42E+06		0.12322				6.30957		1.78E+07		2.31E+06		0.12976						23.86		2.97		0.1251

		7.07946		2.62E+07		3.25E+06		0.12378				7.07946		2.80E+07		3.48E+06		0.12418				7.07946		1.80E+07		2.38E+06		0.13241						24.07		3.03		0.12679

		7.94328		2.65E+07		3.30E+06		0.12477				7.94328		2.83E+07		3.55E+06		0.12573				7.94328		1.82E+07		2.40E+06		0.13232						24.29		3.09		0.1276066667

		8.91251		2.67E+07		3.38E+06		0.12658				8.91251		2.85E+07		3.62E+06		0.12678				8.91251		1.82E+07		2.44E+06		0.13346						24.50		3.14		0.12894

		10		2.69E+07		3.43E+06		0.12736				10		2.88E+07		3.67E+06		0.12749				10		1.84E+07		2.48E+06		0.13444						24.73		3.19		0.1297633333

		11.2202		2.72E+07		3.50E+06		0.12889				11.2202		2.91E+07		3.75E+06		0.12874				11.2202		1.87E+07		2.52E+06		0.13467						24.99		3.26		0.1307666667

		12.5893		2.74E+07		3.57E+06		0.13034				12.5893		2.94E+07		3.81E+06		0.12954				12.5893		1.88E+07		2.56E+06		0.13626						25.20		3.31		0.1320466667

		14.1254		2.77E+07		3.63E+06		0.13132				14.1254		2.97E+07		3.89E+06		0.131				14.1254		1.90E+07		2.60E+06		0.13695						25.44		3.37		0.13309

		15.8489		2.79E+07		3.70E+06		0.13235				15.8489		3.00E+07		3.95E+06		0.13202				15.8489		1.92E+07		2.65E+06		0.1382						25.69		3.43		0.13419

		17.7828		2.82E+07		3.80E+06		0.13469				17.7828		3.04E+07		4.05E+06		0.1335				17.7828		1.94E+07		2.71E+06		0.13984						25.99		3.52		0.13601

		19.9526		2.85E+07		3.87E+06		0.13586				19.9526		3.07E+07		4.14E+06		0.13488				19.9526		1.96E+07		2.75E+06		0.14064						26.25		3.59		0.1371266667

		22.3872		2.88E+07		3.95E+06		0.13724				22.3872		3.09E+07		4.20E+06		0.1361				22.3872		1.98E+07		2.80E+06		0.14149						26.48		3.65		0.1382766667

		25.1189		2.90E+07		4.03E+06		0.13865				25.1189		3.12E+07		4.30E+06		0.13789				25.1189		2.00E+07		2.86E+06		0.1426						26.75		3.73		0.1397133333

		28.1838		2.93E+07		4.10E+06		0.13965				28.1838		3.15E+07		4.37E+06		0.13871				28.1838		2.02E+07		2.90E+06		0.14321						27.03		3.79		0.1405233333

		31.6228		2.96E+07		4.19E+06		0.14156				31.6228		3.18E+07		4.46E+06		0.14026				31.6228		2.05E+07		2.95E+06		0.14396						27.31		3.87		0.1419266667

		35.4813		2.99E+07		4.26E+06		0.14215				35.4813		3.22E+07		4.56E+06		0.1417				35.4813		2.07E+07		3.01E+06		0.14557						27.59		3.94		0.14314

		39.8107		3.02E+07		4.34E+06		0.14382				39.8107		3.25E+07		4.63E+06		0.1424				39.8107		2.10E+07		3.06E+06		0.14561						27.89		4.01		0.1439433333

		44.6684		3.05E+07		4.43E+06		0.14531				44.6684		3.28E+07		4.72E+06		0.14384				44.6684		2.12E+07		3.10E+06		0.14606						28.19		4.09		0.14507

		50.1187		3.08E+07		4.51E+06		0.14645				50.1187		3.32E+07		4.82E+06		0.14525				50.1187		2.15E+07		3.18E+06		0.14749						28.51		4.17		0.1463966667

		56.2341		3.11E+07		4.59E+06		0.14756				56.2341		3.35E+07		4.88E+06		0.14539				56.2341		2.18E+07		3.20E+06		0.14666						28.83		4.22		0.1465366667

		63.0957		3.15E+07		4.66E+06		0.14826				63.0957		3.39E+07		4.97E+06		0.14654				63.0957		2.21E+07		3.27E+06		0.14759						29.17		4.30		0.1474633333

		70.7946		3.18E+07		4.75E+06		0.14961				70.7946		3.42E+07		5.09E+06		0.14864				70.7946		2.25E+07		3.23E+06		0.14404						29.48		4.36		0.14743

		79.4328		3.21E+07		4.83E+06		0.15025				79.4328		3.46E+07		5.15E+06		0.14859				79.4328		2.29E+07		3.39E+06		0.14847						29.87		4.46		0.1491033333

		89.1251		3.25E+07		4.89E+06		0.15061				89.1251		3.51E+07		5.22E+06		0.14885				89.1251		2.32E+07		3.39E+06		0.14598						30.26		4.50		0.14848

		100		3.28E+07		5.01E+06		0.15299				100		3.55E+07		5.28E+06		0.14892				100		2.37E+07		3.45E+06		0.1456						30.64		4.58		0.14917





0.2%

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		5.28E+07		9.21E+06		0.1745				1		4.55E+07		8.26E+06		0.1815				1		4.64E+07		8.95E+06		0.19314						48.22		8.81		0.1830466667

		1.12202		5.36E+07		9.14E+06		0.17045				1.12202		4.64E+07		8.18E+06		0.17653				1.12202		4.68E+07		8.87E+06		0.1896						48.92		8.73		0.17886

		1.25893		5.45E+07		9.24E+06		0.16962				1.25893		4.69E+07		8.24E+06		0.17576				1.25893		4.72E+07		8.82E+06		0.1868						49.52		8.77		0.1773933333

		1.41254		5.53E+07		9.39E+06		0.16978				1.41254		4.76E+07		8.26E+06		0.17371				1.41254		4.77E+07		8.83E+06		0.1854						50.17		8.83		0.1762966667

		1.58489		5.60E+07		9.39E+06		0.16769				1.58489		4.81E+07		8.30E+06		0.1724				1.58489		4.82E+07		8.89E+06		0.18437						50.79		8.86		0.17482

		1.77828		5.66E+07		9.50E+06		0.16776				1.77828		4.88E+07		8.44E+06		0.173				1.77828		4.88E+07		8.93E+06		0.18316						51.40		8.96		0.17464

		1.99526		5.73E+07		9.60E+06		0.16746				1.99526		4.93E+07		8.48E+06		0.17219				1.99526		4.93E+07		9.00E+06		0.18244						51.96		9.03		0.17403

		2.23872		5.80E+07		9.71E+06		0.16741				2.23872		4.99E+07		8.57E+06		0.17183				2.23872		4.99E+07		9.11E+06		0.1827						52.60		9.13		0.17398

		2.51189		5.87E+07		9.79E+06		0.16672				2.51189		5.06E+07		8.64E+06		0.17095				2.51189		5.04E+07		9.16E+06		0.18165						53.24		9.20		0.1731066667

		2.81838		5.95E+07		9.97E+06		0.16761				2.81838		5.11E+07		8.76E+06		0.17128				2.81838		5.09E+07		9.17E+06		0.18009						53.84		9.30		0.1729933333

		3.16228		6.02E+07		1.01E+07		0.16829				3.16228		5.19E+07		8.89E+06		0.17147				3.16228		5.15E+07		9.28E+06		0.18011						54.50		9.43		0.17329

		3.54813		6.10E+07		1.02E+07		0.16703				3.54813		5.25E+07		9.00E+06		0.17133				3.54813		5.21E+07		9.41E+06		0.18047						55.21		9.53		0.1729433333

		3.98107		6.17E+07		1.04E+07		0.16812				3.98107		5.31E+07		9.12E+06		0.17183				3.98107		5.27E+07		9.50E+06		0.1802						55.83		9.66		0.1733833333

		4.46684		6.24E+07		1.05E+07		0.16752				4.46684		5.37E+07		9.17E+06		0.1709				4.46684		5.34E+07		9.60E+06		0.17967						56.51		9.74		0.1726966667

		5.01187		6.32E+07		1.06E+07		0.16782				5.01187		5.44E+07		9.26E+06		0.17031				5.01187		5.40E+07		9.65E+06		0.17856						57.21		9.84		0.17223

		5.62341		6.41E+07		1.07E+07		0.16775				5.62341		5.50E+07		9.38E+06		0.17044				5.62341		5.47E+07		9.77E+06		0.17869						57.92		9.96		0.1722933333

		6.30957		6.49E+07		1.09E+07		0.16777				6.30957		5.57E+07		9.47E+06		0.17002				6.30957		5.53E+07		9.83E+06		0.17774						58.63		10.06		0.1718433333

		7.07946		6.57E+07		1.11E+07		0.16834				7.07946		5.64E+07		9.60E+06		0.17033				7.07946		5.60E+07		9.97E+06		0.17813						59.34		10.21		0.1722666667

		7.94328		6.61E+07		1.12E+07		0.17006				7.94328		5.70E+07		9.74E+06		0.17067				7.94328		5.67E+07		1.01E+07		0.17791						59.95		10.36		0.17288

		8.91251		6.70E+07		1.15E+07		0.17107				8.91251		5.78E+07		9.85E+06		0.1706				8.91251		5.74E+07		1.02E+07		0.17716						60.72		10.49		0.1729433333

		10		6.78E+07		1.16E+07		0.17129				10		5.81E+07		1.00E+07		0.17274				10		5.81E+07		1.03E+07		0.17743						61.31		10.65		0.17382

		11.2202		6.85E+07		1.18E+07		0.17175				11.2202		5.87E+07		1.02E+07		0.17326				11.2202		5.88E+07		1.04E+07		0.17728						62.02		10.79		0.1740966667

		12.5893		6.95E+07		1.19E+07		0.17169				12.5893		5.95E+07		1.03E+07		0.17376				12.5893		5.95E+07		1.06E+07		0.17727						62.83		10.94		0.17424

		14.1254		7.03E+07		1.21E+07		0.17221				14.1254		6.03E+07		1.05E+07		0.17416				14.1254		5.99E+07		1.07E+07		0.17915						63.48		11.11		0.1751733333

		15.8489		7.12E+07		1.23E+07		0.17208				15.8489		6.10E+07		1.06E+07		0.17408				15.8489		6.06E+07		1.09E+07		0.17966						64.28		11.26		0.1752733333

		17.7828		7.21E+07		1.25E+07		0.17279				17.7828		6.18E+07		1.08E+07		0.17448				17.7828		6.13E+07		1.10E+07		0.18009						65.06		11.43		0.1757866667

		19.9526		7.30E+07		1.26E+07		0.17282				19.9526		6.25E+07		1.09E+07		0.17456				19.9526		6.21E+07		1.12E+07		0.17999						65.86		11.57		0.17579

		22.3872		7.40E+07		1.28E+07		0.17301				22.3872		6.33E+07		1.10E+07		0.17457				22.3872		6.28E+07		1.13E+07		0.17988						66.68		11.71		0.17582

		25.1189		7.49E+07		1.30E+07		0.17311				25.1189		6.41E+07		1.12E+07		0.17476				25.1189		6.36E+07		1.14E+07		0.17999						67.51		11.87		0.1759533333

		28.1838		7.59E+07		1.32E+07		0.17361				28.1838		6.49E+07		1.13E+07		0.17475				28.1838		6.44E+07		1.16E+07		0.17998						68.40		12.04		0.1761133333

		31.6228		7.69E+07		1.33E+07		0.17363				31.6228		6.57E+07		1.15E+07		0.17509				31.6228		6.52E+07		1.17E+07		0.17962						69.27		12.19		0.1761133333

		35.4813		7.78E+07		1.35E+07		0.17373				35.4813		6.66E+07		1.17E+07		0.1752				35.4813		6.60E+07		1.19E+07		0.17986						70.17		12.36		0.1762633333

		39.8107		7.88E+07		1.37E+07		0.17385				39.8107		6.75E+07		1.18E+07		0.17515				39.8107		6.69E+07		1.20E+07		0.17983						71.08		12.52		0.1762766667

		44.6684		7.99E+07		1.39E+07		0.17406				44.6684		6.83E+07		1.20E+07		0.17499				44.6684		6.78E+07		1.22E+07		0.17941						71.99		12.67		0.1761533333

		50.1187		8.09E+07		1.41E+07		0.17382				50.1187		6.92E+07		1.21E+07		0.17526				50.1187		6.87E+07		1.23E+07		0.17951						72.92		12.84		0.1761966667

		56.2341		8.19E+07		1.43E+07		0.17414				56.2341		7.01E+07		1.23E+07		0.17541				56.2341		6.96E+07		1.25E+07		0.17922						73.87		13.01		0.1762566667

		63.0957		8.30E+07		1.44E+07		0.1741				63.0957		7.10E+07		1.24E+07		0.17474				63.0957		7.05E+07		1.26E+07		0.17923						74.84		13.16		0.1760233333

		70.7946		8.41E+07		1.46E+07		0.17414				70.7946		7.19E+07		1.26E+07		0.17564				70.7946		7.14E+07		1.28E+07		0.17981						75.80		13.37		0.17653

		79.4328		8.53E+07		1.49E+07		0.17422				79.4328		7.30E+07		1.27E+07		0.17468				79.4328		7.23E+07		1.29E+07		0.17893						76.84		13.51		0.1759433333

		89.1251		8.63E+07		1.49E+07		0.17285				89.1251		7.38E+07		1.29E+07		0.17452				89.1251		7.32E+07		1.30E+07		0.17789						77.77		13.61		0.1750866667

		100		8.75E+07		1.52E+07		0.17325				100		7.47E+07		1.30E+07		0.17419				100		7.42E+07		1.31E+07		0.17717						78.81		13.77		0.17487





0.6%

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		1.06E+07		3.05E+06		0.28737				1		3.33E+07		6.51E+06		0.19558				1		3.52E+07		6.99E+06		0.19849						26.37		5.52		0.2271466667

		1.12202		1.04E+07		2.86E+06		0.27443				1.12202		3.39E+07		6.47E+06		0.19115				1.12202		3.52E+07		6.81E+06		0.19326						26.50		5.38		0.2196133333

		1.25893		1.01E+07		2.74E+06		0.272				1.25893		3.44E+07		6.39E+06		0.18598				1.25893		3.53E+07		6.77E+06		0.19159						26.58		5.30		0.2165233333

		1.41254		9.63E+06		2.66E+06		0.27601				1.41254		3.49E+07		6.48E+06		0.18577				1.41254		3.55E+07		6.72E+06		0.18916						26.68		5.29		0.21698

		1.58489		9.17E+06		2.56E+06		0.27877				1.58489		3.54E+07		6.50E+06		0.18377				1.58489		3.57E+07		6.66E+06		0.18654						26.76		5.24		0.21636

		1.77828		8.81E+06		2.50E+06		0.28398				1.77828		3.59E+07		6.60E+06		0.18403				1.77828		3.61E+07		6.65E+06		0.18424						26.92		5.25		0.2174166667

		1.99526		8.69E+06		2.62E+06		0.30146				1.99526		3.63E+07		6.61E+06		0.18172				1.99526		3.64E+07		6.70E+06		0.18412						27.15		5.31		0.2224333333

		2.23872		8.81E+06		2.66E+06		0.3015				2.23872		3.69E+07		6.67E+06		0.18063				2.23872		3.67E+07		6.73E+06		0.1833						27.49		5.35		0.22181

		2.51189		8.94E+06		2.65E+06		0.29644				2.51189		3.73E+07		6.71E+06		0.17981				2.51189		3.72E+07		6.77E+06		0.18208						27.81		5.38		0.2194433333

		2.81838		9.09E+06		2.68E+06		0.29512				2.81838		3.77E+07		6.86E+06		0.18179				2.81838		3.75E+07		6.86E+06		0.18306						28.11		5.47		0.21999

		3.16228		9.21E+06		2.78E+06		0.30125				3.16228		3.82E+07		6.89E+06		0.18038				3.16228		3.79E+07		6.86E+06		0.18131						28.42		5.51		0.22098

		3.54813		9.52E+06		2.76E+06		0.29013				3.54813		3.87E+07		6.95E+06		0.17972				3.54813		3.83E+07		6.94E+06		0.18128						28.81		5.55		0.2170433333

		3.98107		9.82E+06		2.78E+06		0.28296				3.98107		3.92E+07		7.04E+06		0.17952				3.98107		3.86E+07		7.00E+06		0.18104						29.22		5.60		0.2145066667

		4.46684		9.93E+06		2.85E+06		0.28651				4.46684		3.97E+07		7.11E+06		0.17903				4.46684		3.91E+07		7.01E+06		0.17947						29.56		5.65		0.2150033333

		5.01187		1.02E+07		2.93E+06		0.28604				5.01187		4.02E+07		7.20E+06		0.17931				5.01187		3.95E+07		7.08E+06		0.17931						29.97		5.74		0.2148866667

		5.62341		1.04E+07		2.94E+06		0.28183				5.62341		4.07E+07		7.28E+06		0.17889				5.62341		3.99E+07		7.13E+06		0.1787						30.34		5.78		0.21314

		6.30957		1.07E+07		2.93E+06		0.27446				6.30957		4.12E+07		7.35E+06		0.17869				6.30957		4.03E+07		7.17E+06		0.17766						30.72		5.81		0.21027

		7.07946		1.08E+07		2.96E+06		0.2728				7.07946		4.16E+07		7.40E+06		0.17786				7.07946		4.08E+07		7.26E+06		0.17786						31.11		5.88		0.2095066667

		7.94328		1.10E+07		2.98E+06		0.27101				7.94328		4.21E+07		7.52E+06		0.1785				7.94328		4.13E+07		7.34E+06		0.17744						31.49		5.95		0.2089833333

		8.91251		1.12E+07		3.02E+06		0.27002				8.91251		4.27E+07		7.59E+06		0.17792				8.91251		4.18E+07		7.39E+06		0.17697						31.87		6.00		0.2083033333

		10		1.14E+07		3.06E+06		0.26851				10		4.33E+07		7.70E+06		0.17791				10		4.22E+07		7.46E+06		0.17682						32.28		6.07		0.2077466667

		11.2202		1.16E+07		3.18E+06		0.273				11.2202		4.38E+07		7.79E+06		0.17765				11.2202		4.26E+07		7.50E+06		0.17596						32.70		6.16		0.20887

		12.5893		1.17E+07		3.11E+06		0.2656				12.5893		4.44E+07		7.89E+06		0.1776				12.5893		4.31E+07		7.61E+06		0.17639						33.07		6.20		0.20653

		14.1254		1.19E+07		3.18E+06		0.26814				14.1254		4.49E+07		7.96E+06		0.17718				14.1254		4.36E+07		7.68E+06		0.17603						33.49		6.28		0.2071166667

		15.8489		1.22E+07		3.24E+06		0.26514				15.8489		4.54E+07		8.15E+06		0.17974				15.8489		4.41E+07		7.76E+06		0.17569						33.91		6.38		0.2068566667

		17.7828		1.24E+07		3.19E+06		0.2572				17.7828		4.59E+07		8.29E+06		0.18045				17.7828		4.46E+07		7.86E+06		0.17605						34.33		6.45		0.2045666667

		19.9526		1.27E+07		3.33E+06		0.2612				19.9526		4.65E+07		8.39E+06		0.18023				19.9526		4.51E+07		7.96E+06		0.17627						34.81		6.56		0.2059

		22.3872		1.28E+07		3.26E+06		0.25455				22.3872		4.71E+07		8.49E+06		0.18018				22.3872		4.57E+07		8.03E+06		0.1759						35.19		6.59		0.2035433333

		25.1189		1.31E+07		3.41E+06		0.26019				25.1189		4.76E+07		8.61E+06		0.18076				25.1189		4.62E+07		8.14E+06		0.17609						35.66		6.72		0.20568

		28.1838		1.34E+07		3.41E+06		0.2549				28.1838		4.82E+07		8.70E+06		0.1804				28.1838		4.68E+07		8.26E+06		0.17663						36.13		6.79		0.2039766667

		31.6228		1.37E+07		3.50E+06		0.25636				31.6228		4.89E+07		8.83E+06		0.1807				31.6228		4.73E+07		8.32E+06		0.17576						36.62		6.88		0.2042733333

		35.4813		1.40E+07		3.62E+06		0.25934				35.4813		4.96E+07		8.94E+06		0.18036				35.4813		4.79E+07		8.43E+06		0.17602						37.14		7.00		0.20524

		39.8107		1.42E+07		3.60E+06		0.25361				39.8107		5.03E+07		9.05E+06		0.18008				39.8107		4.85E+07		8.52E+06		0.17577						37.64		7.06		0.2031533333

		44.6684		1.44E+07		3.66E+06		0.25521				44.6684		5.10E+07		9.20E+06		0.18042				44.6684		4.91E+07		8.63E+06		0.17571						38.15		7.16		0.20378

		50.1187		1.46E+07		3.68E+06		0.2526				50.1187		5.16E+07		9.32E+06		0.18055				50.1187		4.97E+07		8.74E+06		0.17568						38.64		7.25		0.2029433333

		56.2341		1.49E+07		3.77E+06		0.25326				56.2341		5.23E+07		9.37E+06		0.17935				56.2341		5.03E+07		8.87E+06		0.17625						39.17		7.34		0.2029533333

		63.0957		1.51E+07		3.73E+06		0.24657				63.0957		5.29E+07		9.50E+06		0.17945				63.0957		5.10E+07		8.96E+06		0.1758						39.68		7.40		0.2006066667

		70.7946		1.53E+07		3.84E+06		0.25031				70.7946		5.36E+07		9.63E+06		0.17959				70.7946		5.16E+07		9.08E+06		0.17576						40.20		7.51		0.2018866667

		79.4328		1.57E+07		3.97E+06		0.25351				79.4328		5.42E+07		9.71E+06		0.17938				79.4328		5.23E+07		9.20E+06		0.17589						40.70		7.63		0.2029266667

		89.1251		1.60E+07		4.21E+06		0.26349				89.1251		5.49E+07		9.73E+06		0.17744				89.1251		5.27E+07		9.30E+06		0.17652						41.16		7.75		0.2058166667

		100		1.60E+07		3.95E+06		0.24726				100		5.55E+07		9.93E+06		0.17903				100		5.33E+07		9.38E+06		0.17611						41.57		7.75		0.2008





1%

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		3.98E+07		7.99E+06		0.20055				1		4.86E+07		9.37E+06		0.19282				1		3.98E+07		7.74E+06		0.19437						39.82		7.86		0.19746

		1.12202		4.07E+07		8.00E+06		0.19659				1.12202		4.98E+07		9.34E+06		0.18751				1.12202		4.09E+07		7.74E+06		0.18948						40.78		7.87		0.193035

		1.25893		4.15E+07		8.02E+06		0.19333				1.25893		5.07E+07		9.38E+06		0.18499				1.25893		4.19E+07		7.86E+06		0.18776						41.66		7.94		0.190545

		1.41254		4.21E+07		8.12E+06		0.19267				1.41254		5.16E+07		9.43E+06		0.18274				1.41254		4.27E+07		7.91E+06		0.18536						42.41		8.01		0.189015

		1.58489		4.27E+07		8.17E+06		0.19115				1.58489		5.24E+07		9.61E+06		0.18322				1.58489		4.36E+07		8.04E+06		0.18465						43.15		8.11		0.1879

		1.77828		4.33E+07		8.20E+06		0.18932				1.77828		5.32E+07		9.66E+06		0.18156				1.77828		4.42E+07		8.09E+06		0.18298						43.77		8.15		0.18615

		1.99526		4.40E+07		8.28E+06		0.18841				1.99526		5.39E+07		9.74E+06		0.18053				1.99526		4.49E+07		8.19E+06		0.18247						44.43		8.24		0.18544

		2.23872		4.46E+07		8.39E+06		0.18806				2.23872		5.46E+07		9.92E+06		0.18157				2.23872		4.58E+07		8.33E+06		0.18188						45.20		8.36		0.18497

		2.51189		4.52E+07		8.46E+06		0.18721				2.51189		5.54E+07		9.95E+06		0.1795				2.51189		4.66E+07		8.39E+06		0.18014						45.88		8.42		0.183675

		2.81838		4.59E+07		8.59E+06		0.18729				2.81838		5.63E+07		1.01E+07		0.17963				2.81838		4.72E+07		8.56E+06		0.18122						46.53		8.57		0.184255

		3.16228		4.64E+07		8.71E+06		0.18754				3.16228		5.70E+07		1.02E+07		0.17958				3.16228		4.79E+07		8.68E+06		0.18128						47.17		8.70		0.18441

		3.54813		4.71E+07		8.69E+06		0.1845				3.54813		5.76E+07		1.03E+07		0.17811				3.54813		4.86E+07		8.67E+06		0.17829						47.88		8.68		0.181395

		3.98107		4.78E+07		8.85E+06		0.18516				3.98107		5.84E+07		1.04E+07		0.1779				3.98107		4.93E+07		8.81E+06		0.17856						48.55		8.83		0.18186

		4.46684		4.85E+07		8.97E+06		0.18485				4.46684		5.91E+07		1.05E+07		0.17785				4.46684		4.99E+07		8.89E+06		0.17822						49.22		8.93		0.181535

		5.01187		4.92E+07		9.07E+06		0.1845				5.01187		5.99E+07		1.06E+07		0.17728				5.01187		5.06E+07		9.01E+06		0.17824						49.87		9.04		0.18137

		5.62341		4.98E+07		9.16E+06		0.18396				5.62341		6.08E+07		1.08E+07		0.17728				5.62341		5.11E+07		9.23E+06		0.18076						50.44		9.20		0.18236

		6.30957		5.04E+07		9.24E+06		0.18322				6.30957		6.13E+07		1.10E+07		0.17906				6.30957		5.17E+07		9.36E+06		0.18102						51.08		9.30		0.18212

		7.07946		5.11E+07		9.34E+06		0.18271				7.07946		6.20E+07		1.12E+07		0.18004				7.07946		5.25E+07		9.48E+06		0.18051						51.81		9.41		0.18161

		7.94328		5.15E+07		9.53E+06		0.185				7.94328		6.28E+07		1.13E+07		0.17979				7.94328		5.31E+07		9.59E+06		0.18041						52.33		9.56		0.182705

		8.91251		5.22E+07		9.68E+06		0.18552				8.91251		6.36E+07		1.14E+07		0.17975				8.91251		5.39E+07		9.72E+06		0.18025						53.06		9.70		0.182885

		10		5.29E+07		9.79E+06		0.18511				10		6.44E+07		1.15E+07		0.17896				10		5.47E+07		9.85E+06		0.18015						53.78		9.82		0.18263

		11.2202		5.36E+07		9.90E+06		0.18472				11.2202		6.53E+07		1.17E+07		0.17937				11.2202		5.54E+07		9.96E+06		0.17993						54.50		9.93		0.182325

		12.5893		5.43E+07		1.00E+07		0.18482				12.5893		6.62E+07		1.18E+07		0.17861				12.5893		5.61E+07		1.01E+07		0.17934						55.23		10.06		0.18208

		14.1254		5.51E+07		1.01E+07		0.18405				14.1254		6.71E+07		1.20E+07		0.17845				14.1254		5.69E+07		1.02E+07		0.17904						56.00		10.16		0.181545

		15.8489		5.58E+07		1.03E+07		0.18402				15.8489		6.81E+07		1.22E+07		0.17856				15.8489		5.77E+07		1.03E+07		0.17877						56.76		10.29		0.181395

		17.7828		5.66E+07		1.04E+07		0.18392				17.7828		6.90E+07		1.23E+07		0.17839				17.7828		5.85E+07		1.05E+07		0.17904						57.57		10.45		0.18148

		19.9526		5.75E+07		1.05E+07		0.18353				19.9526		6.99E+07		1.24E+07		0.17758				19.9526		5.94E+07		1.06E+07		0.17865						58.42		10.58		0.18109

		22.3872		5.83E+07		1.07E+07		0.18327				22.3872		7.08E+07		1.26E+07		0.1775				22.3872		6.02E+07		1.07E+07		0.17837						59.22		10.71		0.18082

		25.1189		5.92E+07		1.08E+07		0.1826				25.1189		7.17E+07		1.27E+07		0.17722				25.1189		6.11E+07		1.09E+07		0.17835						60.11		10.85		0.180475

		28.1838		5.98E+07		1.09E+07		0.18246				28.1838		7.27E+07		1.29E+07		0.1769				28.1838		6.19E+07		1.10E+07		0.17761						60.89		10.96		0.180035

		31.6228		6.06E+07		1.11E+07		0.18232				31.6228		7.36E+07		1.30E+07		0.17645				31.6228		6.27E+07		1.11E+07		0.17748						61.66		11.09		0.1799

		35.4813		6.14E+07		1.12E+07		0.18165				35.4813		7.46E+07		1.31E+07		0.17605				35.4813		6.35E+07		1.12E+07		0.17696						62.49		11.20		0.179305

		39.8107		6.23E+07		1.13E+07		0.18127				39.8107		7.56E+07		1.33E+07		0.17569				39.8107		6.45E+07		1.14E+07		0.17695						63.37		11.35		0.17911

		44.6684		6.31E+07		1.14E+07		0.18103				44.6684		7.65E+07		1.34E+07		0.17554				44.6684		6.53E+07		1.15E+07		0.17654						64.20		11.48		0.178785

		50.1187		6.39E+07		1.16E+07		0.18074				50.1187		7.75E+07		1.36E+07		0.17588				50.1187		6.62E+07		1.16E+07		0.17559						65.06		11.59		0.178165

		56.2341		6.48E+07		1.17E+07		0.18061				56.2341		7.85E+07		1.37E+07		0.17498				56.2341		6.71E+07		1.18E+07		0.17643						65.95		11.77		0.17852

		63.0957		6.56E+07		1.18E+07		0.17995				63.0957		7.95E+07		1.39E+07		0.17452				63.0957		6.79E+07		1.19E+07		0.17558						66.75		11.86		0.177765

		70.7946		6.64E+07		1.19E+07		0.17867				70.7946		8.06E+07		1.41E+07		0.17488				70.7946		6.90E+07		1.20E+07		0.17462						67.70		11.96		0.176645

		79.4328		6.74E+07		1.21E+07		0.17929				79.4328		8.16E+07		1.42E+07		0.17374				79.4328		6.98E+07		1.22E+07		0.17456						68.58		12.13		0.176925

		89.1251		6.82E+07		1.22E+07		0.17826				89.1251		8.24E+07		1.44E+07		0.17495				89.1251		7.07E+07		1.24E+07		0.17471						69.47		12.26		0.176485

		100		6.91E+07		1.23E+07		0.17865				100		8.34E+07		1.46E+07		0.17455				100		7.17E+07		1.24E+07		0.17326						70.42		12.39		0.175955
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		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

0.2%

0.6%

1%

Ang. Freq. (rad/s)

Tan_delta

0.1174233333

0.1830466667

0.2271466667

0.19746

0.1161866667

0.17886

0.2196133333

0.193035

0.1163333333

0.1773933333

0.2165233333

0.190545

0.1157833333

0.1762966667

0.21698

0.189015

0.1160433333

0.17482

0.21636

0.1879

0.11681

0.17464

0.2174166667

0.18615

0.1171866667

0.17403

0.2224333333

0.18544

0.1179166667

0.17398

0.22181

0.18497

0.1189733333

0.1731066667

0.2194433333

0.183675

0.1189866667

0.1729933333

0.21999

0.184255

0.1200166667

0.17329

0.22098

0.18441

0.12051

0.1729433333

0.2170433333

0.181395

0.1207133333

0.1733833333

0.2145066667

0.18186

0.12248

0.1726966667

0.2150033333

0.181535

0.12342

0.17223

0.2148866667

0.18137

0.1245766667

0.1722933333

0.21314

0.18236

0.1251

0.1718433333

0.21027

0.18212

0.12679

0.1722666667

0.2095066667

0.18161

0.1276066667

0.17288

0.2089833333

0.182705

0.12894

0.1729433333

0.2083033333

0.182885

0.1297633333

0.17382

0.2077466667

0.18263

0.1307666667

0.1740966667

0.20887

0.182325

0.1320466667

0.17424

0.20653

0.18208

0.13309

0.1751733333

0.2071166667

0.181545

0.13419

0.1752733333

0.2068566667

0.181395

0.13601

0.1757866667

0.2045666667

0.18148

0.1371266667

0.17579

0.2059

0.18109

0.1382766667

0.17582

0.2035433333

0.18082

0.1397133333

0.1759533333

0.20568

0.180475

0.1405233333

0.1761133333

0.2039766667

0.180035

0.1419266667

0.1761133333

0.2042733333

0.1799

0.14314

0.1762633333

0.20524

0.179305

0.1439433333

0.1762766667

0.2031533333

0.17911

0.14507

0.1761533333

0.20378

0.178785

0.1463966667

0.1761966667

0.2029433333

0.178165

0.1465366667

0.1762566667

0.2029533333

0.17852

0.1474633333

0.1760233333

0.2006066667

0.177765

0.14743

0.17653

0.2018866667

0.176645

0.1491033333

0.1759433333

0.2029266667

0.176925

0.14848

0.1750866667

0.2058166667

0.176485

0.14917

0.17487

0.2008

0.175955




Microsoft_Excel_Chart16.xls
Chart1

		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202

		12.5893		12.5893		12.5893		12.5893

		14.1254		14.1254		14.1254		14.1254

		15.8489		15.8489		15.8489		15.8489

		17.7828		17.7828		17.7828		17.7828

		19.9526		19.9526		19.9526		19.9526

		22.3872		22.3872		22.3872		22.3872

		25.1189		25.1189		25.1189		25.1189

		28.1838		28.1838		28.1838		28.1838

		31.6228		31.6228		31.6228		31.6228

		35.4813		35.4813		35.4813		35.4813

		39.8107		39.8107		39.8107		39.8107

		44.6684		44.6684		44.6684		44.6684

		50.1187		50.1187		50.1187		50.1187

		56.2341		56.2341		56.2341		56.2341

		63.0957		63.0957		63.0957		63.0957

		70.7946		70.7946		70.7946		70.7946

		79.4328		79.4328		79.4328		79.4328

		89.1251		89.1251		89.1251		89.1251

		100		100		100		100



Control

0.2%

0.6%

1%

Ang. Freq. (rad/s)

E" (Mpa)

2.3872666667

8.8089

5.5152333333

7.8638

2.39

8.73

5.3802666667

7.87175

2.4207333333

8.7651

5.2978333333

7.93815

2.4363333333

8.8280333333

5.2859

8.0145

2.4633666667

8.8603

5.2404333333

8.10625

2.5031666667

8.9578666667

5.2499333333

8.14665

2.5335333333

9.0250666667

5.3089333333

8.23745

2.5729666667

9.1335

5.3532333333

8.3581

2.6216

9.1992

5.3773

8.4235

2.6495

9.2980666667

5.4697

8.5719

2.6971333333

9.4297

5.5090666667

8.69705

2.7265666667

9.5309

5.5488333333

8.6836

2.7642

9.6642333333

5.6042

8.8267

2.8274666667

9.7436333333

5.6533666667

8.9322

2.8715666667

9.8402666667

5.7370666667

9.04225

2.9254666667

9.9640666667

5.7827333333

9.19645

2.9706

10.0623333333

5.8148333333

9.3022

3.0342

10.2089333333

5.8762666667

9.40895

3.0859

10.3554666667

5.9462333333

9.55945

3.1446

10.4941

5.9999

9.70185

3.1936666667

10.6483333333

6.0714333333

9.8192

3.2553333333

10.7903333333

6.155

9.93425

3.3138

10.9386666667

6.1993333333

10.055

3.3735333333

11.1093333333

6.2763

10.1635

3.4342666667

11.2553333333

6.3832333333

10.293

3.5212333333

11.4253333333

6.4465666667

10.446

3.5876666667

11.5663333333

6.5574333333

10.5765

3.6509

11.713

6.5923

10.7055

3.7275

11.8676666667

6.7207666667

10.8455

3.7883666667

12.0353333333

6.7904666667

10.9595

3.8684666667

12.189

6.8841

11.09

3.9412666667

12.3573333333

6.9967333333

11.2025

4.0078666667

12.5196666667

7.0569

11.348

4.0851333333

12.672

7.1630666667

11.476

4.1692666667

12.838

7.2450333333

11.5875

4.223

13.0116666667

7.3393333333

11.7705

4.2997

13.1646666667

7.3972

11.864

4.3583333333

13.3713333333

7.5144333333

11.956

4.4559

13.5123333333

7.6270333333

12.1295

4.501

13.606

7.7455

12.258

4.5808

13.7736666667

7.7543

12.3865



Neatx4

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		Mpa

		1		2.29E+07		2.46E+06		0.10729				1		2.38E+07		2.74E+06		0.115				1		1.51E+07		1.96E+06		0.12998						20.62		2.39		0.1174233333

		1.12202		2.31E+07		2.48E+06		0.10715				1.12202		2.41E+07		2.74E+06		0.11387				1.12202		1.53E+07		1.95E+06		0.12754						20.83		2.39		0.1161866667

		1.25893		2.33E+07		2.51E+06		0.10794				1.25893		2.43E+07		2.79E+06		0.11474				1.25893		1.55E+07		1.96E+06		0.12632						21.04		2.42		0.1163333333

		1.41254		2.35E+07		2.55E+06		0.10844				1.41254		2.46E+07		2.81E+06		0.1142				1.41254		1.57E+07		1.95E+06		0.12471						21.25		2.44		0.1157833333

		1.58489		2.36E+07		2.58E+06		0.1093				1.58489		2.48E+07		2.83E+06		0.11404				1.58489		1.58E+07		1.97E+06		0.12479						21.43		2.46		0.1160433333

		1.77828		2.38E+07		2.62E+06		0.11023				1.77828		2.51E+07		2.89E+06		0.11524				1.77828		1.60E+07		2.00E+06		0.12496						21.62		2.50		0.11681

		1.99526		2.40E+07		2.67E+06		0.1113				1.99526		2.53E+07		2.91E+06		0.11503				1.99526		1.61E+07		2.02E+06		0.12523						21.81		2.53		0.1171866667

		2.23872		2.42E+07		2.70E+06		0.11158				2.23872		2.56E+07		2.97E+06		0.11626				2.23872		1.63E+07		2.05E+06		0.12591						22.01		2.57		0.1179166667

		2.51189		2.43E+07		2.76E+06		0.11328				2.51189		2.58E+07		3.02E+06		0.11711				2.51189		1.65E+07		2.09E+06		0.12653						22.21		2.62		0.1189733333

		2.81838		2.46E+07		2.82E+06		0.11476				2.81838		2.60E+07		3.03E+06		0.11648				2.81838		1.67E+07		2.10E+06		0.12572						22.43		2.65		0.1189866667

		3.16228		2.48E+07		2.86E+06		0.11573				3.16228		2.62E+07		3.09E+06		0.1178				3.16228		1.69E+07		2.13E+06		0.12652						22.62		2.70		0.1200166667

		3.54813		2.49E+07		2.88E+06		0.11553				3.54813		2.65E+07		3.16E+06		0.11916				3.54813		1.69E+07		2.14E+06		0.12684						22.77		2.73		0.12051

		3.98107		2.52E+07		2.95E+06		0.11721				3.98107		2.67E+07		3.19E+06		0.11947				3.98107		1.71E+07		2.15E+06		0.12546						23.01		2.76		0.1207133333

		4.46684		2.54E+07		3.01E+06		0.11862				4.46684		2.70E+07		3.26E+06		0.12067				4.46684		1.73E+07		2.22E+06		0.12815						23.22		2.83		0.12248

		5.01187		2.56E+07		3.07E+06		0.12023				5.01187		2.72E+07		3.30E+06		0.12122				5.01187		1.74E+07		2.24E+06		0.12881						23.40		2.87		0.12342

		5.62341		2.58E+07		3.14E+06		0.12173				5.62341		2.75E+07		3.36E+06		0.12215				5.62341		1.75E+07		2.28E+06		0.12985						23.61		2.93		0.1245766667

		6.30957		2.60E+07		3.18E+06		0.12232				6.30957		2.78E+07		3.42E+06		0.12322				6.30957		1.78E+07		2.31E+06		0.12976						23.86		2.97		0.1251

		7.07946		2.62E+07		3.25E+06		0.12378				7.07946		2.80E+07		3.48E+06		0.12418				7.07946		1.80E+07		2.38E+06		0.13241						24.07		3.03		0.12679

		7.94328		2.65E+07		3.30E+06		0.12477				7.94328		2.83E+07		3.55E+06		0.12573				7.94328		1.82E+07		2.40E+06		0.13232						24.29		3.09		0.1276066667

		8.91251		2.67E+07		3.38E+06		0.12658				8.91251		2.85E+07		3.62E+06		0.12678				8.91251		1.82E+07		2.44E+06		0.13346						24.50		3.14		0.12894

		10		2.69E+07		3.43E+06		0.12736				10		2.88E+07		3.67E+06		0.12749				10		1.84E+07		2.48E+06		0.13444						24.73		3.19		0.1297633333

		11.2202		2.72E+07		3.50E+06		0.12889				11.2202		2.91E+07		3.75E+06		0.12874				11.2202		1.87E+07		2.52E+06		0.13467						24.99		3.26		0.1307666667

		12.5893		2.74E+07		3.57E+06		0.13034				12.5893		2.94E+07		3.81E+06		0.12954				12.5893		1.88E+07		2.56E+06		0.13626						25.20		3.31		0.1320466667

		14.1254		2.77E+07		3.63E+06		0.13132				14.1254		2.97E+07		3.89E+06		0.131				14.1254		1.90E+07		2.60E+06		0.13695						25.44		3.37		0.13309

		15.8489		2.79E+07		3.70E+06		0.13235				15.8489		3.00E+07		3.95E+06		0.13202				15.8489		1.92E+07		2.65E+06		0.1382						25.69		3.43		0.13419

		17.7828		2.82E+07		3.80E+06		0.13469				17.7828		3.04E+07		4.05E+06		0.1335				17.7828		1.94E+07		2.71E+06		0.13984						25.99		3.52		0.13601

		19.9526		2.85E+07		3.87E+06		0.13586				19.9526		3.07E+07		4.14E+06		0.13488				19.9526		1.96E+07		2.75E+06		0.14064						26.25		3.59		0.1371266667

		22.3872		2.88E+07		3.95E+06		0.13724				22.3872		3.09E+07		4.20E+06		0.1361				22.3872		1.98E+07		2.80E+06		0.14149						26.48		3.65		0.1382766667

		25.1189		2.90E+07		4.03E+06		0.13865				25.1189		3.12E+07		4.30E+06		0.13789				25.1189		2.00E+07		2.86E+06		0.1426						26.75		3.73		0.1397133333

		28.1838		2.93E+07		4.10E+06		0.13965				28.1838		3.15E+07		4.37E+06		0.13871				28.1838		2.02E+07		2.90E+06		0.14321						27.03		3.79		0.1405233333

		31.6228		2.96E+07		4.19E+06		0.14156				31.6228		3.18E+07		4.46E+06		0.14026				31.6228		2.05E+07		2.95E+06		0.14396						27.31		3.87		0.1419266667

		35.4813		2.99E+07		4.26E+06		0.14215				35.4813		3.22E+07		4.56E+06		0.1417				35.4813		2.07E+07		3.01E+06		0.14557						27.59		3.94		0.14314

		39.8107		3.02E+07		4.34E+06		0.14382				39.8107		3.25E+07		4.63E+06		0.1424				39.8107		2.10E+07		3.06E+06		0.14561						27.89		4.01		0.1439433333

		44.6684		3.05E+07		4.43E+06		0.14531				44.6684		3.28E+07		4.72E+06		0.14384				44.6684		2.12E+07		3.10E+06		0.14606						28.19		4.09		0.14507

		50.1187		3.08E+07		4.51E+06		0.14645				50.1187		3.32E+07		4.82E+06		0.14525				50.1187		2.15E+07		3.18E+06		0.14749						28.51		4.17		0.1463966667

		56.2341		3.11E+07		4.59E+06		0.14756				56.2341		3.35E+07		4.88E+06		0.14539				56.2341		2.18E+07		3.20E+06		0.14666						28.83		4.22		0.1465366667

		63.0957		3.15E+07		4.66E+06		0.14826				63.0957		3.39E+07		4.97E+06		0.14654				63.0957		2.21E+07		3.27E+06		0.14759						29.17		4.30		0.1474633333

		70.7946		3.18E+07		4.75E+06		0.14961				70.7946		3.42E+07		5.09E+06		0.14864				70.7946		2.25E+07		3.23E+06		0.14404						29.48		4.36		0.14743

		79.4328		3.21E+07		4.83E+06		0.15025				79.4328		3.46E+07		5.15E+06		0.14859				79.4328		2.29E+07		3.39E+06		0.14847						29.87		4.46		0.1491033333

		89.1251		3.25E+07		4.89E+06		0.15061				89.1251		3.51E+07		5.22E+06		0.14885				89.1251		2.32E+07		3.39E+06		0.14598						30.26		4.50		0.14848

		100		3.28E+07		5.01E+06		0.15299				100		3.55E+07		5.28E+06		0.14892				100		2.37E+07		3.45E+06		0.1456						30.64		4.58		0.14917





0.2%

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		5.28E+07		9.21E+06		0.1745				1		4.55E+07		8.26E+06		0.1815				1		4.64E+07		8.95E+06		0.19314						48.22		8.81		0.1830466667

		1.12202		5.36E+07		9.14E+06		0.17045				1.12202		4.64E+07		8.18E+06		0.17653				1.12202		4.68E+07		8.87E+06		0.1896						48.92		8.73		0.17886

		1.25893		5.45E+07		9.24E+06		0.16962				1.25893		4.69E+07		8.24E+06		0.17576				1.25893		4.72E+07		8.82E+06		0.1868						49.52		8.77		0.1773933333

		1.41254		5.53E+07		9.39E+06		0.16978				1.41254		4.76E+07		8.26E+06		0.17371				1.41254		4.77E+07		8.83E+06		0.1854						50.17		8.83		0.1762966667

		1.58489		5.60E+07		9.39E+06		0.16769				1.58489		4.81E+07		8.30E+06		0.1724				1.58489		4.82E+07		8.89E+06		0.18437						50.79		8.86		0.17482

		1.77828		5.66E+07		9.50E+06		0.16776				1.77828		4.88E+07		8.44E+06		0.173				1.77828		4.88E+07		8.93E+06		0.18316						51.40		8.96		0.17464

		1.99526		5.73E+07		9.60E+06		0.16746				1.99526		4.93E+07		8.48E+06		0.17219				1.99526		4.93E+07		9.00E+06		0.18244						51.96		9.03		0.17403

		2.23872		5.80E+07		9.71E+06		0.16741				2.23872		4.99E+07		8.57E+06		0.17183				2.23872		4.99E+07		9.11E+06		0.1827						52.60		9.13		0.17398

		2.51189		5.87E+07		9.79E+06		0.16672				2.51189		5.06E+07		8.64E+06		0.17095				2.51189		5.04E+07		9.16E+06		0.18165						53.24		9.20		0.1731066667

		2.81838		5.95E+07		9.97E+06		0.16761				2.81838		5.11E+07		8.76E+06		0.17128				2.81838		5.09E+07		9.17E+06		0.18009						53.84		9.30		0.1729933333

		3.16228		6.02E+07		1.01E+07		0.16829				3.16228		5.19E+07		8.89E+06		0.17147				3.16228		5.15E+07		9.28E+06		0.18011						54.50		9.43		0.17329

		3.54813		6.10E+07		1.02E+07		0.16703				3.54813		5.25E+07		9.00E+06		0.17133				3.54813		5.21E+07		9.41E+06		0.18047						55.21		9.53		0.1729433333

		3.98107		6.17E+07		1.04E+07		0.16812				3.98107		5.31E+07		9.12E+06		0.17183				3.98107		5.27E+07		9.50E+06		0.1802						55.83		9.66		0.1733833333

		4.46684		6.24E+07		1.05E+07		0.16752				4.46684		5.37E+07		9.17E+06		0.1709				4.46684		5.34E+07		9.60E+06		0.17967						56.51		9.74		0.1726966667

		5.01187		6.32E+07		1.06E+07		0.16782				5.01187		5.44E+07		9.26E+06		0.17031				5.01187		5.40E+07		9.65E+06		0.17856						57.21		9.84		0.17223

		5.62341		6.41E+07		1.07E+07		0.16775				5.62341		5.50E+07		9.38E+06		0.17044				5.62341		5.47E+07		9.77E+06		0.17869						57.92		9.96		0.1722933333

		6.30957		6.49E+07		1.09E+07		0.16777				6.30957		5.57E+07		9.47E+06		0.17002				6.30957		5.53E+07		9.83E+06		0.17774						58.63		10.06		0.1718433333

		7.07946		6.57E+07		1.11E+07		0.16834				7.07946		5.64E+07		9.60E+06		0.17033				7.07946		5.60E+07		9.97E+06		0.17813						59.34		10.21		0.1722666667

		7.94328		6.61E+07		1.12E+07		0.17006				7.94328		5.70E+07		9.74E+06		0.17067				7.94328		5.67E+07		1.01E+07		0.17791						59.95		10.36		0.17288

		8.91251		6.70E+07		1.15E+07		0.17107				8.91251		5.78E+07		9.85E+06		0.1706				8.91251		5.74E+07		1.02E+07		0.17716						60.72		10.49		0.1729433333

		10		6.78E+07		1.16E+07		0.17129				10		5.81E+07		1.00E+07		0.17274				10		5.81E+07		1.03E+07		0.17743						61.31		10.65		0.17382

		11.2202		6.85E+07		1.18E+07		0.17175				11.2202		5.87E+07		1.02E+07		0.17326				11.2202		5.88E+07		1.04E+07		0.17728						62.02		10.79		0.1740966667

		12.5893		6.95E+07		1.19E+07		0.17169				12.5893		5.95E+07		1.03E+07		0.17376				12.5893		5.95E+07		1.06E+07		0.17727						62.83		10.94		0.17424

		14.1254		7.03E+07		1.21E+07		0.17221				14.1254		6.03E+07		1.05E+07		0.17416				14.1254		5.99E+07		1.07E+07		0.17915						63.48		11.11		0.1751733333

		15.8489		7.12E+07		1.23E+07		0.17208				15.8489		6.10E+07		1.06E+07		0.17408				15.8489		6.06E+07		1.09E+07		0.17966						64.28		11.26		0.1752733333

		17.7828		7.21E+07		1.25E+07		0.17279				17.7828		6.18E+07		1.08E+07		0.17448				17.7828		6.13E+07		1.10E+07		0.18009						65.06		11.43		0.1757866667

		19.9526		7.30E+07		1.26E+07		0.17282				19.9526		6.25E+07		1.09E+07		0.17456				19.9526		6.21E+07		1.12E+07		0.17999						65.86		11.57		0.17579

		22.3872		7.40E+07		1.28E+07		0.17301				22.3872		6.33E+07		1.10E+07		0.17457				22.3872		6.28E+07		1.13E+07		0.17988						66.68		11.71		0.17582

		25.1189		7.49E+07		1.30E+07		0.17311				25.1189		6.41E+07		1.12E+07		0.17476				25.1189		6.36E+07		1.14E+07		0.17999						67.51		11.87		0.1759533333

		28.1838		7.59E+07		1.32E+07		0.17361				28.1838		6.49E+07		1.13E+07		0.17475				28.1838		6.44E+07		1.16E+07		0.17998						68.40		12.04		0.1761133333

		31.6228		7.69E+07		1.33E+07		0.17363				31.6228		6.57E+07		1.15E+07		0.17509				31.6228		6.52E+07		1.17E+07		0.17962						69.27		12.19		0.1761133333

		35.4813		7.78E+07		1.35E+07		0.17373				35.4813		6.66E+07		1.17E+07		0.1752				35.4813		6.60E+07		1.19E+07		0.17986						70.17		12.36		0.1762633333

		39.8107		7.88E+07		1.37E+07		0.17385				39.8107		6.75E+07		1.18E+07		0.17515				39.8107		6.69E+07		1.20E+07		0.17983						71.08		12.52		0.1762766667

		44.6684		7.99E+07		1.39E+07		0.17406				44.6684		6.83E+07		1.20E+07		0.17499				44.6684		6.78E+07		1.22E+07		0.17941						71.99		12.67		0.1761533333

		50.1187		8.09E+07		1.41E+07		0.17382				50.1187		6.92E+07		1.21E+07		0.17526				50.1187		6.87E+07		1.23E+07		0.17951						72.92		12.84		0.1761966667

		56.2341		8.19E+07		1.43E+07		0.17414				56.2341		7.01E+07		1.23E+07		0.17541				56.2341		6.96E+07		1.25E+07		0.17922						73.87		13.01		0.1762566667

		63.0957		8.30E+07		1.44E+07		0.1741				63.0957		7.10E+07		1.24E+07		0.17474				63.0957		7.05E+07		1.26E+07		0.17923						74.84		13.16		0.1760233333

		70.7946		8.41E+07		1.46E+07		0.17414				70.7946		7.19E+07		1.26E+07		0.17564				70.7946		7.14E+07		1.28E+07		0.17981						75.80		13.37		0.17653

		79.4328		8.53E+07		1.49E+07		0.17422				79.4328		7.30E+07		1.27E+07		0.17468				79.4328		7.23E+07		1.29E+07		0.17893						76.84		13.51		0.1759433333

		89.1251		8.63E+07		1.49E+07		0.17285				89.1251		7.38E+07		1.29E+07		0.17452				89.1251		7.32E+07		1.30E+07		0.17789						77.77		13.61		0.1750866667

		100		8.75E+07		1.52E+07		0.17325				100		7.47E+07		1.30E+07		0.17419				100		7.42E+07		1.31E+07		0.17717						78.81		13.77		0.17487





0.6%

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		1.06E+07		3.05E+06		0.28737				1		3.33E+07		6.51E+06		0.19558				1		3.52E+07		6.99E+06		0.19849						26.37		5.52		0.2271466667

		1.12202		1.04E+07		2.86E+06		0.27443				1.12202		3.39E+07		6.47E+06		0.19115				1.12202		3.52E+07		6.81E+06		0.19326						26.50		5.38		0.2196133333

		1.25893		1.01E+07		2.74E+06		0.272				1.25893		3.44E+07		6.39E+06		0.18598				1.25893		3.53E+07		6.77E+06		0.19159						26.58		5.30		0.2165233333

		1.41254		9.63E+06		2.66E+06		0.27601				1.41254		3.49E+07		6.48E+06		0.18577				1.41254		3.55E+07		6.72E+06		0.18916						26.68		5.29		0.21698

		1.58489		9.17E+06		2.56E+06		0.27877				1.58489		3.54E+07		6.50E+06		0.18377				1.58489		3.57E+07		6.66E+06		0.18654						26.76		5.24		0.21636

		1.77828		8.81E+06		2.50E+06		0.28398				1.77828		3.59E+07		6.60E+06		0.18403				1.77828		3.61E+07		6.65E+06		0.18424						26.92		5.25		0.2174166667

		1.99526		8.69E+06		2.62E+06		0.30146				1.99526		3.63E+07		6.61E+06		0.18172				1.99526		3.64E+07		6.70E+06		0.18412						27.15		5.31		0.2224333333

		2.23872		8.81E+06		2.66E+06		0.3015				2.23872		3.69E+07		6.67E+06		0.18063				2.23872		3.67E+07		6.73E+06		0.1833						27.49		5.35		0.22181

		2.51189		8.94E+06		2.65E+06		0.29644				2.51189		3.73E+07		6.71E+06		0.17981				2.51189		3.72E+07		6.77E+06		0.18208						27.81		5.38		0.2194433333

		2.81838		9.09E+06		2.68E+06		0.29512				2.81838		3.77E+07		6.86E+06		0.18179				2.81838		3.75E+07		6.86E+06		0.18306						28.11		5.47		0.21999

		3.16228		9.21E+06		2.78E+06		0.30125				3.16228		3.82E+07		6.89E+06		0.18038				3.16228		3.79E+07		6.86E+06		0.18131						28.42		5.51		0.22098

		3.54813		9.52E+06		2.76E+06		0.29013				3.54813		3.87E+07		6.95E+06		0.17972				3.54813		3.83E+07		6.94E+06		0.18128						28.81		5.55		0.2170433333

		3.98107		9.82E+06		2.78E+06		0.28296				3.98107		3.92E+07		7.04E+06		0.17952				3.98107		3.86E+07		7.00E+06		0.18104						29.22		5.60		0.2145066667

		4.46684		9.93E+06		2.85E+06		0.28651				4.46684		3.97E+07		7.11E+06		0.17903				4.46684		3.91E+07		7.01E+06		0.17947						29.56		5.65		0.2150033333

		5.01187		1.02E+07		2.93E+06		0.28604				5.01187		4.02E+07		7.20E+06		0.17931				5.01187		3.95E+07		7.08E+06		0.17931						29.97		5.74		0.2148866667

		5.62341		1.04E+07		2.94E+06		0.28183				5.62341		4.07E+07		7.28E+06		0.17889				5.62341		3.99E+07		7.13E+06		0.1787						30.34		5.78		0.21314

		6.30957		1.07E+07		2.93E+06		0.27446				6.30957		4.12E+07		7.35E+06		0.17869				6.30957		4.03E+07		7.17E+06		0.17766						30.72		5.81		0.21027

		7.07946		1.08E+07		2.96E+06		0.2728				7.07946		4.16E+07		7.40E+06		0.17786				7.07946		4.08E+07		7.26E+06		0.17786						31.11		5.88		0.2095066667

		7.94328		1.10E+07		2.98E+06		0.27101				7.94328		4.21E+07		7.52E+06		0.1785				7.94328		4.13E+07		7.34E+06		0.17744						31.49		5.95		0.2089833333

		8.91251		1.12E+07		3.02E+06		0.27002				8.91251		4.27E+07		7.59E+06		0.17792				8.91251		4.18E+07		7.39E+06		0.17697						31.87		6.00		0.2083033333

		10		1.14E+07		3.06E+06		0.26851				10		4.33E+07		7.70E+06		0.17791				10		4.22E+07		7.46E+06		0.17682						32.28		6.07		0.2077466667

		11.2202		1.16E+07		3.18E+06		0.273				11.2202		4.38E+07		7.79E+06		0.17765				11.2202		4.26E+07		7.50E+06		0.17596						32.70		6.16		0.20887

		12.5893		1.17E+07		3.11E+06		0.2656				12.5893		4.44E+07		7.89E+06		0.1776				12.5893		4.31E+07		7.61E+06		0.17639						33.07		6.20		0.20653

		14.1254		1.19E+07		3.18E+06		0.26814				14.1254		4.49E+07		7.96E+06		0.17718				14.1254		4.36E+07		7.68E+06		0.17603						33.49		6.28		0.2071166667

		15.8489		1.22E+07		3.24E+06		0.26514				15.8489		4.54E+07		8.15E+06		0.17974				15.8489		4.41E+07		7.76E+06		0.17569						33.91		6.38		0.2068566667

		17.7828		1.24E+07		3.19E+06		0.2572				17.7828		4.59E+07		8.29E+06		0.18045				17.7828		4.46E+07		7.86E+06		0.17605						34.33		6.45		0.2045666667

		19.9526		1.27E+07		3.33E+06		0.2612				19.9526		4.65E+07		8.39E+06		0.18023				19.9526		4.51E+07		7.96E+06		0.17627						34.81		6.56		0.2059

		22.3872		1.28E+07		3.26E+06		0.25455				22.3872		4.71E+07		8.49E+06		0.18018				22.3872		4.57E+07		8.03E+06		0.1759						35.19		6.59		0.2035433333

		25.1189		1.31E+07		3.41E+06		0.26019				25.1189		4.76E+07		8.61E+06		0.18076				25.1189		4.62E+07		8.14E+06		0.17609						35.66		6.72		0.20568

		28.1838		1.34E+07		3.41E+06		0.2549				28.1838		4.82E+07		8.70E+06		0.1804				28.1838		4.68E+07		8.26E+06		0.17663						36.13		6.79		0.2039766667

		31.6228		1.37E+07		3.50E+06		0.25636				31.6228		4.89E+07		8.83E+06		0.1807				31.6228		4.73E+07		8.32E+06		0.17576						36.62		6.88		0.2042733333

		35.4813		1.40E+07		3.62E+06		0.25934				35.4813		4.96E+07		8.94E+06		0.18036				35.4813		4.79E+07		8.43E+06		0.17602						37.14		7.00		0.20524

		39.8107		1.42E+07		3.60E+06		0.25361				39.8107		5.03E+07		9.05E+06		0.18008				39.8107		4.85E+07		8.52E+06		0.17577						37.64		7.06		0.2031533333

		44.6684		1.44E+07		3.66E+06		0.25521				44.6684		5.10E+07		9.20E+06		0.18042				44.6684		4.91E+07		8.63E+06		0.17571						38.15		7.16		0.20378

		50.1187		1.46E+07		3.68E+06		0.2526				50.1187		5.16E+07		9.32E+06		0.18055				50.1187		4.97E+07		8.74E+06		0.17568						38.64		7.25		0.2029433333

		56.2341		1.49E+07		3.77E+06		0.25326				56.2341		5.23E+07		9.37E+06		0.17935				56.2341		5.03E+07		8.87E+06		0.17625						39.17		7.34		0.2029533333

		63.0957		1.51E+07		3.73E+06		0.24657				63.0957		5.29E+07		9.50E+06		0.17945				63.0957		5.10E+07		8.96E+06		0.1758						39.68		7.40		0.2006066667

		70.7946		1.53E+07		3.84E+06		0.25031				70.7946		5.36E+07		9.63E+06		0.17959				70.7946		5.16E+07		9.08E+06		0.17576						40.20		7.51		0.2018866667

		79.4328		1.57E+07		3.97E+06		0.25351				79.4328		5.42E+07		9.71E+06		0.17938				79.4328		5.23E+07		9.20E+06		0.17589						40.70		7.63		0.2029266667

		89.1251		1.60E+07		4.21E+06		0.26349				89.1251		5.49E+07		9.73E+06		0.17744				89.1251		5.27E+07		9.30E+06		0.17652						41.16		7.75		0.2058166667

		100		1.60E+07		3.95E+06		0.24726				100		5.55E+07		9.93E+06		0.17903				100		5.33E+07		9.38E+06		0.17611						41.57		7.75		0.2008





1%

		

																																Average

		Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta				Freq		E'		E"		tan_delta

		rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		Pa		Pa						rad/s		MPa		MPa

		1		3.98E+07		7.99E+06		0.20055				1		4.86E+07		9.37E+06		0.19282				1		3.98E+07		7.74E+06		0.19437						39.82		7.86		0.19746

		1.12202		4.07E+07		8.00E+06		0.19659				1.12202		4.98E+07		9.34E+06		0.18751				1.12202		4.09E+07		7.74E+06		0.18948						40.78		7.87		0.193035

		1.25893		4.15E+07		8.02E+06		0.19333				1.25893		5.07E+07		9.38E+06		0.18499				1.25893		4.19E+07		7.86E+06		0.18776						41.66		7.94		0.190545

		1.41254		4.21E+07		8.12E+06		0.19267				1.41254		5.16E+07		9.43E+06		0.18274				1.41254		4.27E+07		7.91E+06		0.18536						42.41		8.01		0.189015

		1.58489		4.27E+07		8.17E+06		0.19115				1.58489		5.24E+07		9.61E+06		0.18322				1.58489		4.36E+07		8.04E+06		0.18465						43.15		8.11		0.1879

		1.77828		4.33E+07		8.20E+06		0.18932				1.77828		5.32E+07		9.66E+06		0.18156				1.77828		4.42E+07		8.09E+06		0.18298						43.77		8.15		0.18615

		1.99526		4.40E+07		8.28E+06		0.18841				1.99526		5.39E+07		9.74E+06		0.18053				1.99526		4.49E+07		8.19E+06		0.18247						44.43		8.24		0.18544

		2.23872		4.46E+07		8.39E+06		0.18806				2.23872		5.46E+07		9.92E+06		0.18157				2.23872		4.58E+07		8.33E+06		0.18188						45.20		8.36		0.18497

		2.51189		4.52E+07		8.46E+06		0.18721				2.51189		5.54E+07		9.95E+06		0.1795				2.51189		4.66E+07		8.39E+06		0.18014						45.88		8.42		0.183675

		2.81838		4.59E+07		8.59E+06		0.18729				2.81838		5.63E+07		1.01E+07		0.17963				2.81838		4.72E+07		8.56E+06		0.18122						46.53		8.57		0.184255

		3.16228		4.64E+07		8.71E+06		0.18754				3.16228		5.70E+07		1.02E+07		0.17958				3.16228		4.79E+07		8.68E+06		0.18128						47.17		8.70		0.18441

		3.54813		4.71E+07		8.69E+06		0.1845				3.54813		5.76E+07		1.03E+07		0.17811				3.54813		4.86E+07		8.67E+06		0.17829						47.88		8.68		0.181395

		3.98107		4.78E+07		8.85E+06		0.18516				3.98107		5.84E+07		1.04E+07		0.1779				3.98107		4.93E+07		8.81E+06		0.17856						48.55		8.83		0.18186

		4.46684		4.85E+07		8.97E+06		0.18485				4.46684		5.91E+07		1.05E+07		0.17785				4.46684		4.99E+07		8.89E+06		0.17822						49.22		8.93		0.181535

		5.01187		4.92E+07		9.07E+06		0.1845				5.01187		5.99E+07		1.06E+07		0.17728				5.01187		5.06E+07		9.01E+06		0.17824						49.87		9.04		0.18137

		5.62341		4.98E+07		9.16E+06		0.18396				5.62341		6.08E+07		1.08E+07		0.17728				5.62341		5.11E+07		9.23E+06		0.18076						50.44		9.20		0.18236

		6.30957		5.04E+07		9.24E+06		0.18322				6.30957		6.13E+07		1.10E+07		0.17906				6.30957		5.17E+07		9.36E+06		0.18102						51.08		9.30		0.18212

		7.07946		5.11E+07		9.34E+06		0.18271				7.07946		6.20E+07		1.12E+07		0.18004				7.07946		5.25E+07		9.48E+06		0.18051						51.81		9.41		0.18161

		7.94328		5.15E+07		9.53E+06		0.185				7.94328		6.28E+07		1.13E+07		0.17979				7.94328		5.31E+07		9.59E+06		0.18041						52.33		9.56		0.182705

		8.91251		5.22E+07		9.68E+06		0.18552				8.91251		6.36E+07		1.14E+07		0.17975				8.91251		5.39E+07		9.72E+06		0.18025						53.06		9.70		0.182885

		10		5.29E+07		9.79E+06		0.18511				10		6.44E+07		1.15E+07		0.17896				10		5.47E+07		9.85E+06		0.18015						53.78		9.82		0.18263

		11.2202		5.36E+07		9.90E+06		0.18472				11.2202		6.53E+07		1.17E+07		0.17937				11.2202		5.54E+07		9.96E+06		0.17993						54.50		9.93		0.182325

		12.5893		5.43E+07		1.00E+07		0.18482				12.5893		6.62E+07		1.18E+07		0.17861				12.5893		5.61E+07		1.01E+07		0.17934						55.23		10.06		0.18208

		14.1254		5.51E+07		1.01E+07		0.18405				14.1254		6.71E+07		1.20E+07		0.17845				14.1254		5.69E+07		1.02E+07		0.17904						56.00		10.16		0.181545

		15.8489		5.58E+07		1.03E+07		0.18402				15.8489		6.81E+07		1.22E+07		0.17856				15.8489		5.77E+07		1.03E+07		0.17877						56.76		10.29		0.181395

		17.7828		5.66E+07		1.04E+07		0.18392				17.7828		6.90E+07		1.23E+07		0.17839				17.7828		5.85E+07		1.05E+07		0.17904						57.57		10.45		0.18148

		19.9526		5.75E+07		1.05E+07		0.18353				19.9526		6.99E+07		1.24E+07		0.17758				19.9526		5.94E+07		1.06E+07		0.17865						58.42		10.58		0.18109

		22.3872		5.83E+07		1.07E+07		0.18327				22.3872		7.08E+07		1.26E+07		0.1775				22.3872		6.02E+07		1.07E+07		0.17837						59.22		10.71		0.18082

		25.1189		5.92E+07		1.08E+07		0.1826				25.1189		7.17E+07		1.27E+07		0.17722				25.1189		6.11E+07		1.09E+07		0.17835						60.11		10.85		0.180475

		28.1838		5.98E+07		1.09E+07		0.18246				28.1838		7.27E+07		1.29E+07		0.1769				28.1838		6.19E+07		1.10E+07		0.17761						60.89		10.96		0.180035

		31.6228		6.06E+07		1.11E+07		0.18232				31.6228		7.36E+07		1.30E+07		0.17645				31.6228		6.27E+07		1.11E+07		0.17748						61.66		11.09		0.1799

		35.4813		6.14E+07		1.12E+07		0.18165				35.4813		7.46E+07		1.31E+07		0.17605				35.4813		6.35E+07		1.12E+07		0.17696						62.49		11.20		0.179305

		39.8107		6.23E+07		1.13E+07		0.18127				39.8107		7.56E+07		1.33E+07		0.17569				39.8107		6.45E+07		1.14E+07		0.17695						63.37		11.35		0.17911

		44.6684		6.31E+07		1.14E+07		0.18103				44.6684		7.65E+07		1.34E+07		0.17554				44.6684		6.53E+07		1.15E+07		0.17654						64.20		11.48		0.178785

		50.1187		6.39E+07		1.16E+07		0.18074				50.1187		7.75E+07		1.36E+07		0.17588				50.1187		6.62E+07		1.16E+07		0.17559						65.06		11.59		0.178165

		56.2341		6.48E+07		1.17E+07		0.18061				56.2341		7.85E+07		1.37E+07		0.17498				56.2341		6.71E+07		1.18E+07		0.17643						65.95		11.77		0.17852

		63.0957		6.56E+07		1.18E+07		0.17995				63.0957		7.95E+07		1.39E+07		0.17452				63.0957		6.79E+07		1.19E+07		0.17558						66.75		11.86		0.177765

		70.7946		6.64E+07		1.19E+07		0.17867				70.7946		8.06E+07		1.41E+07		0.17488				70.7946		6.90E+07		1.20E+07		0.17462						67.70		11.96		0.176645

		79.4328		6.74E+07		1.21E+07		0.17929				79.4328		8.16E+07		1.42E+07		0.17374				79.4328		6.98E+07		1.22E+07		0.17456						68.58		12.13		0.176925

		89.1251		6.82E+07		1.22E+07		0.17826				89.1251		8.24E+07		1.44E+07		0.17495				89.1251		7.07E+07		1.24E+07		0.17471						69.47		12.26		0.176485

		100		6.91E+07		1.23E+07		0.17865				100		8.34E+07		1.46E+07		0.17455				100		7.17E+07		1.24E+07		0.17326						70.42		12.39		0.175955





Graphs

		





Graphs

		1		1		1		1

		1.12202		1.12202		1.12202		1.12202

		1.25893		1.25893		1.25893		1.25893

		1.41254		1.41254		1.41254		1.41254

		1.58489		1.58489		1.58489		1.58489

		1.77828		1.77828		1.77828		1.77828

		1.99526		1.99526		1.99526		1.99526

		2.23872		2.23872		2.23872		2.23872

		2.51189		2.51189		2.51189		2.51189

		2.81838		2.81838		2.81838		2.81838

		3.16228		3.16228		3.16228		3.16228

		3.54813		3.54813		3.54813		3.54813

		3.98107		3.98107		3.98107		3.98107

		4.46684		4.46684		4.46684		4.46684

		5.01187		5.01187		5.01187		5.01187

		5.62341		5.62341		5.62341		5.62341

		6.30957		6.30957		6.30957		6.30957

		7.07946		7.07946		7.07946		7.07946

		7.94328		7.94328		7.94328		7.94328

		8.91251		8.91251		8.91251		8.91251

		10		10		10		10

		11.2202		11.2202		11.2202		11.2202
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		35.4813		35.4813		35.4813		35.4813
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