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ABSTRACT 

Multiple document misfeed occurs in an automaticfeed machine when 

two or more documents are transported through the machine instead ofone. 

The purpose ofthis project was to examine two types ofsystems(a cantilever 

beam and a rigid beam/springsystem)as potential meansofdetecting these 

misfeeds. 

To accomplish this, a model was developed for the document/detector 

impact assuming the document behaved as a spring/damper system affixed 

to a rigid,constant velocity beam. Given this modelfor the impactresponse, 

both designs were analyzed using dynamic considerations yielding a 

predicted response ofthe systems. These were verified experimentally. 

It wasfound that the rigid beam/spring design was unacceptable (did 

notsatisfy the given constraints),while the cantilever beam design provided 

an acceptable solution,the bestofwhich is given below. 

Beam thickness = 0.011 inches 

Total beam length = 1.5 inches 

Striking angle =4degrees 

Preload = 0.27 pounds. 
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LIST OFSYMBOLSAND ABBREVIATIONS 

Note: These lists are representative, but incomplete. Other symbols 
and abbreviations referred to throughoutthe textare defined as used. 

SYMBOLS 

CO = angular velocity p = density 

r = radius c = dampingcoefficient 

V = velocity A = displacement 

p = force 0= angle 

E = modulusofelasticity W = weight 

I= momentofinertia Y = location ofcenter ofgravity 

L = length Z = distance 

8= distance X = distance 

w = width ^= damping ratio 

b = thickness A = constant 

d = distance B = constant 

t= time K = constant 

T = torque h = height 

k = spring constant 

ABBREVIATIONS 

rev = revolutions in = inches 

g= grams lb = pounds(force) 

min = minutes psi = pounds per square inch 

rad = radians deg = degrees 

sec = seconds Hz= hertz 

rpm = revolutions per minute 
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CHAPTERI 

INTRODUCTION 

1. BACKGROUND 

The IBM 1255 check reader-sorter is used in small banks to sort 

financial documents by reading the magnetic numerical code printed on the 

document face. A separator mechanism initiates the transport of a 

document through a read area where the magnetic code is read, to a bay 

selector area where the documents are sorted. In the case of a multiple 

document misfeed, two or more documents overlap, entering the transport 

area together. When this occurs, only the top check is read. The lower 

documents would not be read and would be directed to the same bay as the 

upper check. If a multiple feed detector is included in the system, these 

checks may be directed to a reject bin for later sorting. 

Multiple document misfeed is a serious problem, particularly in the 

banking industry with check reader-sorters, automatic tellers, and other 

machinesthatautomaticallyfeed documents. To minimize this problem,the 

document separator mechanism should be optimized to reduce multiple 

feeds. A typical separator mechanism is shown in Figure 1. Even with an 

optimal separator mechanism, it is practically impossible to completely 

eliminate multiple feeds particularly due to differences in document 

thickness and surface roughness and the potential for the document surface 

to be contaminated with foreign,"sticky" material. Because of this, some 

type of detector may be required to further reduce misfeed problems. The 
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Figure 1. Example ofseparator mechanism. 

Source: MichaelD.Bessette,"Designing Reliable Paper-Handling 
Systems,"Machine Design,9May 1985,p.55. 



IBM Corporation hasfunded this projectin order to analyze the lever arm as 

a viable detector option. The vertical displacement ofthe lever arm can be 

tracked with an electronic probe to distinguish between a typical single feed 

response and a multiple documentmisfeed(see Figure 2for typical response 

curves). 

2. SPECIFICATIONSFOR ANALYSIS 

The following specifications were given to define the project's 

constraints and requirements: 

(1) Documentspeed in the transport region was given as 150(± 15) 

inches per second. The actual velocity ofthe check in the machine 

used for testing was found to be 145 inches per second (see 

Appendix A for details). 

(2) Single document thickness varies from 0.003 to 0.007 inches. 

Actual document thickness for experimentation wasfound using 

a micrometer. 

(3) The detector device mustbe able to pass multiple documents with 

a maximum thickness of 0.100 inches without damage to the 

detector and withoutdamaging orslowingdown the documents. 

(4) The detector must settle to within 0.002 inches above the 

document surface by 0.50 inches of check travel (3.33 

milliseconds at 150 inches per second). This constraint is 

included so that there is distinct differentiation between a 

crumpled document and a multiple document misfeed so that 

electronic detection ofmisfeeds is possible. 

3 
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(5) The life ofthe detector must exceed 75 million operations(about 

18monthsofcontinuous use). 



CHAPTERn 

INITIALSTUDY OFSYSTEM 

1. PRELIMINARY ANALYSIS 

Upon inspection oftheIBM 1255 reader-sorter,the optimallocation for 

a detector device was determined to be in the lower transport region (see 

Figure 3). While there are different possible follower shapes and detector 

designs,one in particular will be analyzed in great detail because ofits low 

cost and simplicity. This non-rigid cantilever beam design is shown in 

Figure 4. A rigid beam with a torsional spring wasalso analyzed(see Figure 

5for design). 

To complete the preliminary analysis of the system, the maximum 

allowable force on a documentsuch that documents are not slowed down or 

damaged wasexperimentally determined. The details ofthis analysis are in 

Appendix B. The maximum allowable force on the documents was 

determined to be 0.46 lb. 

2. COMMENTON LITERATURE REVIEW 

Due to the specific and clear definition of the problem to be addressed 

in this project, no exhaustive literature search was performed at the outset 

ofthe project. However,as analysis proceeded,several sources were used in 

particular aspects ofthe analysis. These sources will be documented in the 

relevantsections where they are used. 
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CHAPTERm 

IMPACTRESPONSE MODEL 

1. INTRODUCTION 

To begin analysis ofthe detector/documentsystem,a suitable model of 

the response ofthe detector upon impactis necessary. In particular,a model 

must be developed to describe the characteristics of the document as it 

strikes the detector. Several possible models were analyzed in order to 

arrive atan optimum and accurate model. 

Shaw and Spencer^ have researched the impulsive loading response of 

ideal fibre-reinforced rigid-plastic beams. In their analysis, they examine 

the response ofbeam when impacted by a mass which subsequently adheres 

to the beam. While this analysis is useful in gaining an understanding of 

the beam system, a better model for the impact response of the 

detector/documentsystem seemslikely. 

An alternative is using the impulse force function,where the document 

can be described astransmitting a force to the detector instantaneously. The 

problems encountered with this model were complications in analysis and 

lack ofaccuracyin describingthe actual physicalsystem. 

The most appropriate model in terms of accurately describing the 

physical system and ease ofanalysis was determined to be a spring/damper 

system. 



2. SPRING/DAMPERMODEL 

In using a spring/damper model,the document was considered to be a 

rigid,constantvelocity beam and the end ofthe document wasdescribed asa 

spring/damper system incorporating the deflection ofthe impacted region of 

the document(see Figure6for representation), 

A momentanalysis about the pointofrotation ofthe detector was used 

to describe the motion of the detector (see Appendix C for details). In 

particular,0 and 0 were expressed as functions of the system parameters 

(including the spring constant and damping coefficient associated with the 

document) and as functions of time. In order to simplify the ensuing 

analysis,a constant value for the dampingcoefficient wasestimated(c=.001 

Ib-sec/in). Once this value was chosen, a computer program (included in 

Appendix 0)was developed to find the initial angular velocity imparted to 

the rigid arm as a function of the spring constant associated with the 

document. 

In order to provide an accurate estimate ofthe actual spring constant 

associated with any given document,a lever arm was built, mounted in the 

check sorter,and experimental values for the initial angular velocity ofthe 

arm were compared to the values obtained through the theoretical analysis. 

The previouschoice ofa dampingcoefficient wasfound to have little effecton 

the theoretical results,verifying this assumption. 

10 
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3. EXPERIMENTALSET-UP 

To determine the response ofa lever arm type detector upon impactby 

a document,a simple lever arm (length of t^vo inches, width of,25 inches, 

thickness of.069 inches) was mounted at the detector site in the IBM 1255 

check reader-sorter (see Figure 7). No spring was added to the rigid arm 

device,so the detector wasfree to swing upwards unrestrained. Holes were 

drilled in the arm near the end to accommodate optional added weight 

(increasing the moment of inertia of the arm). The angle at which the 

documentstrikesthe detector,9,wasvariable. 

The change in beani parameters associated with adding weight is 

detailed below(W is the weight, I is the moment of inertia, and Y is the 

distancefrom the end ofthe beam to the center ofgravity). 

No additional weight Additional weightat#1 Additional weightat#2 

W =0.0034lb W = 0.0140lb W =0.0140 lb 

1= 1.10x10-5 1= 5.01x10-5 1= 8.95x10-5 

in-lb-sec^ in-lb-sec2 in-lb-sec2 

Y = 1.02in Y= 1.00in Y = 0.97in 

Values for the initial angular velocity ofthe arm were obtained for a 

variety ofconfigurations. Detailsofdetermining the initial angular velocity 

ofthe arm experimentally are given in Appendix D. Atleast ten trials were 

run for any specific configuration to provide a maximum initial angular 

velocity and an average initial angular velocity experimentally. These 

12 
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values were then compared to values obtained from the moment analysis of 

the system with the documenthavingthespring/damper affixed. 

To arrive at a value for the spring constant associated with any 

particular document, plots of 0i versus k were generated from the 

theoretical,computer analysis ofthe system for specific configurations and 

document types and the experimentally-determined values for the average 
• * 

0i and the maximum 0i were superimposed on the plot. A typical plot is 

shown in Figure 8. The spring constants associated with three different 

document types were determined by comparing the above plots for at least 

five different configurations of the arm and arriving at a value ofk which 
% 

gives a value of0i closest to the average initial angular velocity in all plots 

associated with any particular document. All plots areincluded in Appendix 

E. 

4. RESULTS 

From the plots in Appendix E,it is clear that an acceptable value for 

the effective spring constant of all three document types analyzed could be 

found. In order to accomplish this, a value of k was chosen such that the 
» 

curve of0. vs. k generated from the computer model nearly intersected the 

average initial angular velocity ofthe arm determined experimentally in all 

casesfor any given documenttype. The effective spring constantofall three 

document types wasfound to be approximately 30 lb/in. This value will be 

usedin allsubsequentanalysis. 
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CHAPTERIV 

ANALYSISOFBEAMRESPONSE(CANTILEVERBEAM) 

1. INTRODUCTION 

Once an acceptable model for the document/detector impact was 

developed,the response of the beam could be analyzed. When a document 

strikes the lever arm(particularly a flexible lever arm),the actual motion of 

the beam is a summation of contributions of integer multiples of the 

fundamental frequency of the beam (see Figure 9). Normally, the 

fundamental frequency would dominate the motion,but it is quite possible 

that other modes of vibration may contribute substantially, particularly if 

the forcingfunction conformsthe beam to a shape similar to thatofone ofits 

other natural modes. With an accurate modelfor document/detector impact, 

it is possible to predict the motion ofspecific points along the beam to insure 

that the probe is placed at a position over the beam that would have 

negligible contributionsfrom higherorder modesofvibration. 

2. DISCRETE MODEL 

The specific action of a beam impacted by a document will be 

theoretically analyzed by breaking the lever arm into discrete masses and 

solving for the displacement and angle throughout the beam. Previous 

analysis has required that the document/detector striking angle be small, 

therefore a transfer matrix analysis with a small angle assumption will be 

used. The general method ofbreaking upthe beam isshownin Figure 10. 
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„ . Source:^ S. Timoshenko, D. H. Young, W. Weaver. Jr., Vibration
Engineering.4th ed.(New York: John Wiley and Sons.Inc.. 

1974).p.427. 
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The following parameters are the relevant beam parameters(constant 

throughoutthe beam). 

E is the modulusofelasticity. 

W is the width ofthe beam. 

Tis the thicknessofthe beam. 

M isthe total massofthe beam. 

Lis the total length ofthe beam. 

Iisthe area momentofinertia ofthe beam. 

WT^ (1) 
1= 

12 

The impact between the document and the detector will be modeled as 

occuring atthe pointwhere the beam contacts the transport base. Hence the 

beam will be described with a discrete mass at this point,a discrete mass at 

the imbedded end of the beam and discrete masses spaced equally 

throughout the rest of the beam (see Appendix F for expressions for the 

lengthsand masses associated with thissystem). 

3. DYNAMICRESPONSE 

Impact occurs at the mass point at the end disrupting the system so 

that there will be varying height, yi, and angle, 9i, associated with each 

mass,mi,changing with respect to time. Ifone interior section ofthe beam 

isisolated awayfrom both endsofthe beam,an expression for the linear and 

angular velocities and displacements can be found as a function of the 
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internal and external forces and moments acting locally. Details of the 

transfer matrix analysis are included in Appendix G. 

The motion ofthe beam can befully described bythefollowingsteps. 

(1) The document strikes the detector. Given the spring/damper 

model for the document and recognizing that there is an initial 

detector preload, the detector would not move at the instant of 

impact. 

(2) The detector would begin to lift off the base when the vertical 

force due to the spring/damper document system exceeds the 

vertical detector preload. The document would then continue to 

exertaforce on the detector arm until the detector rises above the 

thicknessofthe document. 

(3) After this time,the arm would rise above the document and then 

return towardsthe base. 

(4) Eventually,the arm would return to the height ofthe document. 

When this happens, the arm would strike the document and 

bounce back up again with this reaction having a coefficient of 

restitution associated with it. (Appendix H includes the 

discussion ofthe coefficientofrestitution.) 

(5) The arm would continue to bounce on the document until the 

length ofthe documenthad passed underthe detector. 

A computer model wasdeveloped to predictthe response ofthe detector 

arm using the previous five steps and using the results of the discrete 

analysis. This program predicts the exactlinear and angular displacements 

and velocities ofdiscrete mass points used to describe the lever arm,given a 

complete description of the dynamic and geometric parameters of this 

20 



system. Runge-Kutta integration techniques were incorporated to solve for 

the dynamic response of the beam. The computer program is included in 

Appendix0. 

4. EXPERIMENTALSET-UP 

Thiscomputer model wasused to provide a theoretical prediction ofthe 

dynamic response of the system for a whole range of parameter values. 

From these response curves, a range of acceptable values for all of the 

parameters was determined. The criteria for determining this range were 

the physical feasibility ofparameters(i.e. very large values for beam length 

were impossible given the working area) and the probability that given 

parameter values would satisfy the constraints of the system (particularly 

the settling time requirement). The latter criterion involved using both the 

response curvesand intuition. The following parameter ranges were chosen 

for experimentation. 

Beam length: 1.00in to 1.75in 

Striking angle: 3deg to 10deg 

Beam thickness: .008in to.012in 

Preload: .05lb to.30lb 

A constant value for the beam width(^ inch) and constant material 

properties (shim steel) were used because shim steel feeler gauge was 

available atalow cost. 

Once these values were decided upon, experiments were run. The 

equipment used and the particular experimental set-up is shown in Figure 

11- The feeler stock was cut to the required length and the end was bent to 

21 
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decrease the impact angle and to protect the document from burrs. The 

detector arm was then mounted into its holder and tested for its dynamic 

properties. In particular, the logarithmic decrement and the natural 

frequency were calculated. Details ofthis procedure are given in Appendix 

I. A striking angle and preload were chosen in the acceptable range of 

values. The angle of the beam at the point where the beam was mounted 

was determined by an interactive computer program (included in the 

exhaustive program mentioned earlier) given the striking angle and the 

required preload. 

Next,the detector holder was mounted to the side plate in the lower 

transport region ofthe machine with the values for mount angle ofdetector 

and striking angle corresponding to the calculated values. An eddy current 

probe was placed above the end ofthe beam. This probe produced a variable 

voltage depending on the proximity of the beam and was therefore used to 

record the motion ofthe detector on the oscilloscope. 

A separate power supply was used in order to bring the response ofthe 

probe onto the oscilloscope screen. Also,the output voltage ofthe probe was 

run through an electronic filter to reduce the vibration effects. 

5. VIBRATIONEFFECTS 

The moving parts in the reader-sorter will generate vibrations 

throughout the machine at a variety offrequencies. This noise may cause 

distinct problems with a lever-arm type detector, particularly with the 

electronic monitoring of the beam displacement. Several sources of 

vibrational noise existin the system. 

23 



The moving partsofthe machine will attenuate the noise caused by the 

motor,so that at the detector site in the lower transport region, vibration 

peaks would be expected to occur at integer multiples of the fundamental 

frequency ofthe motor(1725rpm). Also,the line currentinto the motor is60 

Hz. Because this incoming current is alternating current, the coils of the 

motor will contribute vibrations atthe harmonicsofthis60Hzsignal. 

Anothersource ofnoise will be produced by documents passing over the 

base plate. While this would cause low frequency noise over the base plate, 

it would have negligible effect on other sites tested in the lower transport 

region. 

To illuminate the effect of vibrations,an accelerometer was placed at 

three different sites in the lower transport region of the reader-sorter and 

also on the probe holder. This signal was amplified and a frequency 

spectrum (magnitude of acceleration vs. frequency) was plotted at these 

sites. Plots are given in Appendix J. Plots were generated by the Hewlett 

Packard5420B DigitalSignalAnalyzer. 

To find the exact magnitude ofthe acceleration response,a calibration 

curve for the accelerometer was produced. The accelerometer was attached 

to a shaker with a one g peak to peak acceleration. The calibration curve is 

plotted in Figure 12. 

With the calibration curve, the magnitude of the peak to peak 

acceleration can be found at the various sites for different frequencies. 

Given the acceleration ofa specificfrequency,the displacementcan befound 

by relating the displacement and the acceleration (see Figure 13 and 

followingexplanation). 

24 
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Soiree: William T.Thomson,Theory ofVibration with Applications,
2nd ed.(Englewood Cliffs,N.J.; Prentice-Hall,Inc.,1981),p.3. 
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In the case ofharmonic motion 

X = A sinwt (2) 

Differentiating twice: 

2 2 
X = —w A sin wt= — w x (3) 

where: w = 2n(frequency)= 2nf. 

Therefore, the displacement can be described in terms of the 

acceleration asfollows. 

\x\ 
(4)lxl =-

w 

in 

386 ft 

X (in)= 

X 
mag 

2 
sec 1 

= 1.63 

X 
mag (5) 

mag 6 
2nf(Hz) 

The one-sixth term comesfrom the calibration curve. 

The main contribution of the vibration effects was found to be due to 

the movement of the probe holder. To reduce this vibration, a clamp was 

pushed against the mount, restricting side-to-side motion. This effect is 

shownin Figure 14. 

To further reduce the noise in the system,an RC first order low pass 

filter wasincluded in the system. 
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6. EXPERIMENTALRESULTS 

Numerous beams were tested initially in order to arrive at an optimal 

beam design. After these initial tests,19 different beam designs were tested 

and the responses on the oscilloscope for these tests were recorded by taking 

a Polaroid picture of the trace. The effects of filtering were examined and 

recorded. The pictures comparing the filtered and unfiltered response 

curves are included in Appendix K. The RC low pass filter passes a low 

frequencysignal while filtering outhighfrequency noise. Theoptimalvalue 

for the time constantwasfound to be.001seconds. 

Pictures were also taken ofthe detector response to a crumpled check 

as compared to the response to a double feed. In all cases,there were easily 

observed differences in misfeed response ascompared to the crumpled check 

response. 

Finally,the initialexperimentalresponse ofthe beam wascompared to 

the response predicted from the computer program. Appendix L includes a 

comparison oftheoretical and experimentalresponse ofnumerousbeams. 

An optimal design for the detector would yield a response that would 

have the smallest possible value for settling time while satisfying all other 

system constraints. 

To decrease settling time,the fourrelevantvariables would be changed 

as follows; increase beam thickness, decrease beam length, decrease 

striking angle,increase preload. 

Given all previousanalyses,an optimalbeam design waschosen. 
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7. OPTIMALBEAMDESIGN 

The characteristics ofthe optimaldesign are given below. 

beam thickness =.011in. 

total beam length = 1.5 in. 

length from pivot pointto base = 1.25 in. 

striking angle =4deg. 

preload =.27lb. 

logarithmic decrement= .0430 

damped naturalfrequency = 916.3rad/sec 

For this optimal beam design, the detector only rises approximately 

.0004 inches(10% of the document thickness) above the document surface 

and thus hasazero settlingtime. Figure 15elucidates this point,comparing 

the experimental results of the impact response with three different time 

scales to the predicted theoretical response. The figure shows that this 

design does,in fact,have zero settlingtime and thatthe computer modelis a 

good prediction ofthe experimental results. 

Figure 16 compares the experimental results showing the complete 

traverse ofthe document for documents of different thickness and density. 

For all ofthe documents,the settlingtime isequal to zero. 

Figure 17 shows the effect that filtering had on the optimal beam 

response. The lower trace is the response with no filtering. The middle 

response is optimal filtering(RC=.001 seconds). The upper response is 

twice optimal filtering. As can be seen, for optimal filtering the impact 
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Figure 17. Effectoffiltering on optimal beam design response. 



response is very nearly vertical upon impact and when the document has 

traversed under the detector. Twice optimal filtering reduces this initial 

and finalslopesubstantially. 

Figure 18 confirms the differentiation between a creased or crumpled 

check and a misfeed response. 

8. STRESSANALYSIS 

Once the optimal beam design has been found, the only remaining 

constraintisthatthe detector would notfail before 75 million operations. To 

verify this, a stress analysis was performed on the system. This included 

evaluating both the bending stress in the beam and the fatigue stress using 

the Soderbergcriterion(see AppendixMforcomplete discussion). 

The Soderberg criterion assumes a sinusoidal variation between the 

maximum and minimum stress on the beam. The minimum stress occurred 

when no documents passed under the beam. The maximum allowable 

thickness to traverse under the detector is.1 inches(25 documents at once). 

While it is physically possible thatthis manydocumentscould pass,it would 

be inappropriate to assume that misfeeds of this type are regular. A more 

accurate deflection was chosen corresponding to the thickness of 2.5 

documents. Table 1 shows the effect on the factor ofsafety ofchanging this 

thickness. With these considerations, the factor of safety was such that 

infinite life wasexpected. 
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Table 1. Effect on factor of safety of changing thickness used in 
maximum stresscalculation. 

Number of documents Thickness Maximum Factor Factor 
used for maximum (inches) stress of j of 

stress calculations (psi) Safety ! Safety 
(yley) 

25 .10 61983 1.05 .70 
20 .08 55783 1.17 .82 
15 .06 50825 1.28 .9k 
10 .Oif kk^27 1.46 1.15 
5 .02 39668 1.6if l.ifO 
2.5 .01 37190 1.75 1.58 

Note: Factorofsafetiescalculated for infinite life. 
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9. DISCUSSION 

The optimalbeam design sufficiently satisfies allthe given requirements 

and constraints on the system. The optimal beam yields an output signal 

which closely tracksthe documentsurface. 

Also,an accurate modelfor predicting the time response ofdiscrete mass 

points on the detector was introduced. This computer model could be used 

forfurther analysis. 
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CHAPTERV 

RIGID BEAM/SPRINGRESPONSE 

1. INTRODUCTION 

In addition to the cantilever beam design,the rigid beam/spring design 

was also examined. The thickness ofthe detector arm wasincreased so that 

itfunctioned as a rigid arm and a torsional spring was affixed to the arm to 

restrict motion. 

The procedure for analyzing this system was similar to that of the 

cantilever beam design. Thatis,given a modelfor the document,the motion 

ofthe beam can be determined bydynamicanalysis. 

2. DYNAMIC ANALYSIS 

The complete design for the rigid beam/torsional spring combination 

with all parametersdefined isshown in Figure 19. The analysis proceeds as 

before exceptthatthe preload is now due to rotation in the spring asopposed 

to bending in the cantilever beam. The equation describing the motion of 

the arm isthen oftheform 

0+c0+^9 — + ^ ^ 

The constants were solved in this equation given the parameters in 

Figure 19 summing moments as for the cantilever beam. A computer 
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Definition ofvariables: 

Tc is the documentthickness. Forcomputer analysis, = 0.005 inches. 

Vc is the velocity ofthe check. The actual velocity ofthe check in the machine 

used for testing wasfound to be 145inches persecond. 

Oi,t)2 sre the angles from the horizontal ofthe upper and lower constituents of 

the rigid beam,respectively. 

OA,AB are the lengths ofthe upper and lower constituents of the rigid beam, 

respectively. 

L is the length from the pivot point to the point where the check strikes beam. 

Kg is the torsional spring constantofthe spring. 

VAo is the initial velocity ofthe beam imparted by the impactofthe check. 

a,p are sufficiently described on the Figure. 

0is the angle ofrotation ofthe beam. 

Figure 19. Rigid beam/spring design. 
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program was written to predict the response ofthe system from Equation 6 

(given the solution in Appendix C). Thisprogram isincluded in Appendix0. 

After the computer program was developed and run for many different 

designs,it became obviousthatthe predicted response would not satisfy the 

constraints on the system except for some extreme cases (i.e. very small 

beam thickness,which would invalidate the assumption that the beam was 

rigid). Particularly, for the detector to settle within the given time 

constraint,the preload wasrequired to exceed the maximum allowable force 

on the check. While this predicted response was clear, it still remained to 

verify this model. 

3. EXPERIMENTAL RESULTS 

The rigid beam wasmounted in the lower transport region ofthe 1255 

with a torsionalspring atits base. Three differentbeam/spring designs were 

tested to verify the theoretical model. A beam was chosen of sufficient 

thickness(.125 inches)to insure thatit would function as a rigid beam. The 

width and length ofthe beam were .5 inches and 2.125 inches,respectively. 

Using this beam,three different springs were mounted on the base of the 

beam asdescribed below. 

Trial Spring constant(in-lb/rad) Preload torque(in-lb) 

1 .8 1.275 

2 .5 .40 

3 .1 .15 
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AsFigure20confirms,for all three cases,the predicted response very nearly 

describes the actual experimental results. Also, none of these conditions 

satisfied the required constraints. The first design settled in time,buthad a 

preload exceeding the maximum allowable preload considerably. The other 

two designs did not settle in time. Table 2 compares the settling time and 

percentovershootofthe theoretical and experimental results. 

4. DISCUSSION 

While the rigid beam/spring design may be appropriate for other 

applications,it did not satisfy the constraints ofthe system and is therefore 

an unacceptable design. This is because the rigid beam is a heavy device 

with a relatively large moment of inertia. Therefore, a large preload is 

required for the beam to settle in time. However,all acceptable preloads(for 

smallsettling times)would notallow the documentsto passthrough freely. 
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Table 2. Comparison of theoretical and experimental results for rigid 
beam. 

spring preload % overshoot rise time to 

con-^' max. height 
stant _ (msec1 

theore experi theore experi
(in-lb/rad] Cin-lb) 

tical mental tical mental 

0.8 1.275 52 kZ 0.9 0.5 
0.5 O.k 7k 70 2.0 1.0 
0.1 0.1-5 93 72 2.0 2.0 

44 



CHAPTER VI 

SUMMARY 

1. CONCLUSIONS 

The intent ofthis project was to examine two possible designs to detect 

misfeed response in automatic feed machines, particularly the IBM 1255 

check reader-sorter. As has been discussed, the cantilever beam design 

yielded very good results, while the results from the rigid beam/spring 

design were unacceptable. In addition to this,the cantilever beam isa better 

design for afew other reasons. Firstofall,the cantilever beam in itself,is a 

verysimple,inexpensive design,involving only two parts(beam and mount) 

and costing a few dollars. Also, the only machining involved is in the 

construction ofthe mount. Clearly,the cantilever beam design provides an 

acceptable,simple,and inexpensive alternative for misfeed detection. 

2. RECOMMENDATIONS 

Two tools are offered as a resultofthis report. First ofall, the optimal 

beam design offers an acceptable detector design which could be 

incorporated in automatic feed machines. However, in addition to this, 

further studycould be done to arrive ata differentoptimum design given the 

model for document/detector impact and the subsequent analysis of the 

dynamic response of both of the detector systems studied. Predicted 
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responses for similar models could be obtained from the interactive 

programsincluded in Appendix0. 
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APPENDIX A 

ACTUALDOCUMENTVELOCITY 

To determine the actual speed ofdocuments passing through the IBM 

1255 reader-sorter used for testing,the angular velocity ofone ofthe drive 

wheels ofknown radius(as shown in Figure A.l)wasfound using a strobe 

light. 

w =480rpm (A.l) 

1.5 in (A.2) 

With these valuesfound,the documentspeed iscalculated. 

(A.3) 
document \ min )\ rev /V 60sec/\ 

in (A.4)
V. = 145 — 
docitiTisfit SSC 
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Figure A.l. Drive wheel/dociimentsystem. 
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APPENDIXB 

MAXIMUMALLOWABLEFORCEONDOCUMENT 

One of the constraints in implementing a detector device is that the 

documentsmustnot be mutilated orslowed down. To perform an analysis of 

the detector,a maximum allowable force to satisfy these constraints mustbe 

experimentally determined. The experimental apparatus used to determine 

this value is shown in Figure B.l. The device shown consists of two thin 

shim steel beams mounted to a block of wood. The lower beam is deflected 

againstthe checksin the transport pathway with the upper beam serving as 

a reference to give a value ofthe distance ofdeflection ofthe lower beam. 

The region ofdeflection is depicted in Figure B.2. For different values 

of deflection, the load on the check can be determined using the following 

relationships. 

P=— (B.l) 

where: E = 30x 106 psiforshim steel 

wb^ (0.71in.)(0.01in.)^ <, . 
I = = = 59.1 X lO'^in 

12 12 

w - width ofbeam — 0.71 in. 

b = thicknessofbeam = 0.01 in. 

L = 1.22in. 

w = width ofbeam = 0.71 in. 

b = thickness ofbeam = 0.01 in. 
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Figure B.l. Device for maximum force determination. 

8=d^ - d2 

VTTTTTTTTTTTTTT^TTTTTTTTTTTTTTTTTT^TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTZ 

Figure B.2. Description ofdeflection. 
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Table B.l gives the result ofthe force test. The experimentally-found 

maximum force is0.46 lb. 

Table B.l Resultsofforce testing. 

Deflection Force 
(in) (lb) Comments 

0.5 1.44 severe damange to checks 

0.4 1.15 someslowing/wrinkling 

0.3 0.86 someslowing/wrinkling 

<0.16 0.46 no noticeable problems 
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APPENDIXC 

MOMENTANALYSISOFLEVERARM/DOCUMENTSYSTEM 

1. INTRODUCTION 

Thesystem ofinterest was modeled asa spring and damper affixed to a 

rigid document of constant velocity striking a rigid arm at some angle, 0. 

Thissystem is depicted in Figure C.l. 

To determine the effect of the document impact, a moment analysis 

wasconducted about point0. 

" ' -
IB = yT=k[vt-A]LsinQ + c[v - A]LsinQ -T^ - W {L-Y)cosQ (CD^ o c str c str fr arm str 

where: 

k and c are the spring constant and damping coefficient, 

respectively,associated with the document. 

Vc is the velocity ofthe document, 

tistime. 

A is the relative displacement of the arm away from the 

document. 

L isthe length ofthe arm. 

Bstr is the striking angle ofthe document with respectto the arm. 

Tfr is the frictionaltorque(37.5 x 10-6in-lb). 

Warm is the weightofthe arm. 

Yisthe center ofgravity ofthe arm. 
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Figure C.l. Lever arm/documentsystem. 
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2. MOTION OFARMRELATIVETODOCUMENT 

Thediagram used for the solution ofA isshownin Figure0.2. 

From the figure: 

tanQ , = — (C.2) 
X. 

(C.3)tan(0 , — 0)= — 
str V 

^2 

(C.4) 

tan(0 , — 0) tan(0 )
str str 

=Z 
(C.5)

— 

sin^(Q , — 0)
str 

dA 
A = — • 0=Z0 

(C.6) 

d0 sin (0 — 0)
str 

For Ggtr >> 0: 

Z0 (C.7)
A = 

sin (0 ̂  )
str 

Asin^Q
str (C.8) 

Z+T 
+ T Asin^d , T 

str c 

sin6, = + 
str ^ 0L L 
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Figure C.2. Geometryofdocument/detectorimpact. 
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0L T 0 
C (C.9) 

A = 
sin0str ® 

str 

Solvingfor A; 

(C.4)A =X2-Xj=Z 
tan(Q —0) tan{Q ) 

str str 

aAd0 
A = =Z (C.IO) 

a0 dt sin (0 , — 0)
str 

For0str >> 0: 

Z0 
A = 

(C.ll) 
• 2q

sin 0 
str 

Z+T Asirt^0 T (C.12) 
. „ c str c 
sinB ^ h » h — 

L QL L 

• 
A = 

0L 
0T 

(C.13) 

sin0 
str 

2q
Sin 0 

str 

3. SOLUTIONFOR0and0 

« 

Substituting the values for A and A from Equations C.7 and C.13 into 

Equation C.l: 
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L 
/6= ^1 u t — 6( — I I Lsin0 

^ V ' 2q 7 7 sir
sir smQ ^ ̂  ^str 

+cI y — sf — — )IL sinQ
' sin'ej^ 

-T,-W (L-YcosQ ) (C.14)
fr arm str 

Setting up in termsofderivatives of0: 

cT L \ , ( kT L 
re + I ]̂q +IkL'^- ^10 

sinQ J \ sinB ^ 
str str 

{kv L sinQ . )t+ \ cv L sin0 . — T^ — W {L — Y)cosQ , ) (C.15)
c str \ c str fr arm str' 

Substituting variables,let 

(C.16) 
C=d}- —^ 

sin0 
str 

kT L rr 171 
2 c (L.17)

K=kL-
sin0, 

str 

c^ = kvLsinB^^^ (C.18) 
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c=cVLsinQ -T -W (L-Y)cosQ . (C.19)
2 c str fr arm str 

Thisgivesthefollowingequation. 

«« 4 

IQ + ce +KQ ~ c^t+ ((^ 20) 

There are three possible generalsolutionsfor thisequation dependingon the 

value ofthe damping ratio,C((< 1,^> 1,^= D,where 

r= — = (C.21) 

2Vki 

For this analysis,^ will always be less than 1.0 (oscillatory motion). 

For this case,the solution would take on thefollowingform. 

-C„« 

0= e (Asinc.t+ Bcosc.i)+ A t+A, (C.22)
4 4 o 1 

4 C I C I 

0 = e ^ {Ac.cosc.t — Bc.sinc.t)— c„e ^ {Asinc.t+ Bcosc.t)+ A (C.23)
4 4 4 4 3 4 4 o 

where: 

(C.24)
''s 21 

c = V --(c (C.25)4 / '■S' 

(C.26)
^0 K 
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^^\\ , (C.27) 

~ (^36(0)+ 9(0) (C.28)
A = 

^^4 

B=-A^+0(O) (C.29) 
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APPENDIXD 

DETERMINATION OFINITIAL ANGULAR VELOCITYOFLEVERARM 

The lever arm isshown in Figure D.l. The documentstrikes the lever 

arm with some velocity, Vc, causing the arm to rise hmax- The initial 

angular velocity ofthearm isfound asfollows. 

Let subscript 1 represent the energy of the system just after the 

document strikes the arm. The subscript 2 represents the energy of the 

system when the arm reachesits maximum height. 

(ENERGY)^=(KE)^ +(PE)^= +0 (D.l) 

(ENERGY)^=(KE)^+(PE)^=0+ mg^h^^ (0 2) 

(ENERGY)^- {ENERGY)^=LOSSES{FRICTIONAD (d.3) 

To determine the frictional losses in the system, the lever arm was 

removed from the transport region. The arm was offset from its position 

vertically at rest by some angle,0((see Figure D.2). The arm was released 

from this position and allowed to swing until0jwasdecreased byafactor of2 

(due to frictional losses). The plotofthis response is given in Figure D.3. 

Theenergy ofthe system is described asfollows. 

(ENERGY)^-(ENERGY)^=LOSSES{FRICTIONAL) (q 4) 

(ENERGY)^= mgY il -cosQ) (D.5) 
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Figure D.l. Leverarm system. 
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Figure D.2. Determination ofthe frictionallosses. 
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Figure D.3. Effectoffriction on arm response. 
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(ENERGY)^= mgY a-cose (D.6) 

LOSSES = T,e (D.7)
fr 

where: 0iis the initial offsetanglefrom the vertical. 

0fisthe final offsetanglefrom the vertical. 

Tfr isthe frictional torque. 

0isthe total angular displacementthe arm goes 

through in travelingfrom 0^ to 0f. 

Plugging Equations D.5,D.6,D.7 into Equation D.4 and substituting 

numerical values: 

(0.0034 Z6)(1.02 m)[cos(ll°)- cos(24°)]= T^^{6.3 md) (d.8) 

= 37.5x10 ^in—lb (D.9) 

The equation ofmotion can now be described. Substituting Equations 

D.7,D.1,D.2 into Equation D.3: 

iie^= WAh -T,e (D.io)
I eg fr max 

h 
nwhere: Ah ={L-Y)'-^^

^ \ L 
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, «1/ max . « I (D.12)
Q =sm 1 — sm0 +0 

Solvingfor 0j: 

2Wh _ 2T, /h 
(D.13)0 = —— (L — Y)— ——^isin~H — sm0)+0)

I IL I \ L 

To simplify the expression for 0f, the frictional contribution was found in 

termsofthe rest ofthe expression. Friction at the pivot wasfound to reduce 

0j2by approximately 1.5%. 

0 2Wh 
(D.14) 

0 .985 iL - Y) 
IL 

This value of 0jis the experimental value found by substituting the 

numerical values for the physical parameters and determining hmax 

experimentally for different values of0. The maximum height was found 

using an eddy current probe to record the upward displacement of a point 

near the pivoton the rigid arm on an oscilloscope.To determine the distance 

that the end ofthe beam raised, the beam was moved by hand so that the 

same oscilloscope response was observed. This height was then recorded 

from the oscilloscope. 
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APPENDIXE 

PLOTSOF0ivsk 

1. INTRODUCTION 

The following plots compare the 0i vs k relationship determined from 

the computer analysis to experimentally-determined values of the 

maximum and average initial angular velocity to provide an accurate 

estimate for the spring constants associated with three different document 

types. The following parameters are varied on the plots: document type, 

striking angle ofdocument,and momentofinertia ofarm. Table E.l gives a 

complete description ofthe tests run. The striking angle is given first. Then 

the maximum and average values for 0. are listed. The fifth column 

describes at whathole weightis added. This yields a corresponding moment 

ofinertia. The lastcolumn is the type ofdocument. 

In the following plots, the two horizontal lines correspond to the 

experimentally-determined maximum and average values of the initial 

angular velocity. The curve isthe computer-generated plotof0.vs.k. 

2. STANDARDCHECKS 

The firstdocumenttype tested wasa standard check(thickness = .004 

in.). Figure E.lshowsthe resultsofthese tests. 
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Table E.l. Description ofexperimental tests. 

STR ANGLE THDOT AVE THDOT MAX Ix 10-'5 ADDWT'^ TYPE 
Cdeg) (rad/s) (rad/s) (in-1b-s'-2) 

10.4 6.2 8.0 5.(:i I 1 CH 
10,4 6.0 7.4 5.01 1 CM 

10.4 11.6 12.5 1.10 N CH 
10,4 11.7 12.6 1.10 N CH 

12,Z 13.1 14.3 1.10 N CH 

12.5 12.0 14.3 1.10 N CH 
12.5 8.4 9.6 28.95 CH 

12.5 9.8 10.6 8.95 2 CH 

19.5 15.3 17.1 1.10 N CH 

19.5 16.1 17.9 1.10 N CH 

19.5 9.3 10.5 8.95 CHn 

19.5 9.9 210.5 8.95 CH 

12.5 8.3 8.5 8,95 MSn 

12.5 8.5 8.8 8.95 2 MS 

12.5 14,6 16.i:' 1.10 N W5 

12.5 14.3 15.2 1.10 N MS 

19.5 16.7 18.0 1. 1'j N MS 

1«?.5 16.1 17.6 1.10 N MS 

19.5 9.3 9.8 8.95 2 MS 

19.5 9.3 9.9 8.95 2 MS 

10.4 6.6 8.0 5.0! 1 ws 

17.5 16.4 17.3 1.10 N ws 

17.5 15.6 16.4 1.1 <:> N l*'z 

15.0 13.3 14.S 1.lO N MS 

15.0 12.9 14.5 1. 10 N WS 

17.5 15. 1 16.3 1.10 N CH 

17.5 15.5 17.2 1. 1 t:- N i::h 

15.0 12.£? 14.8 1.10 N CM 

15.0 11.3 12.9 1. itj N CH 

•for the above documents thickness » .004 in. 

■for th« documents below thicl ness - .0065 n. 
10. 4 9 2 10.2 5.01 IBM 
10. 4 9.8 I «:> . a Z.Ol 1 IBM 
10. 4 10. 0 10.8 5. 01 IBM 

19. o15. 4 18. 1 1. 10 N IBM 
19. 0 9.8 10.7 8.95 2 IBM 
19.0 9.5 11.1 8.95 2 IBM 
12.5 10.2 10.9 8. 95 2 IBM 
12.5 9. 4 10.5 8. 95 2 IBM 
17.5 18.4 21,2 1.10 N IBM 
17.5 17.3 20. 3 1.10 N IBM 
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Figure E.l, Response ofstandard checks. 
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Figure E.l(continued). 
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Figure E.l(continued). 
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3. WHITESHEETS 

The next documenttested wasa lightweight white sheet(thickness 

.004in.). Figure E.2showsthe resultsofthese tests. 
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Figure E.2. Response oflightweight white sheets. 
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Figure E.2(continued). 
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Figure E.2(continued). 
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Figure E.2(continued). 
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4.IBMCARDS 

Finally, several IBM cards were tested (thickness = .0065 in.). The 

results ofthese tests are displayed in Figure E.3. 

5. RESULTS 

The best value for the spring constant associated with all three 

documenttypes wasfound to be approximately equal to 30 lb/in. This value 

will be usedinsubsequentanalysis. 
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Figure E.3. Response ofIBM cards. 
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Figure E.3(continued). 
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Figure E.3(continued). 
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APPENDIXF 

DISCRETE MASSSYSTEM 

1. INTRODUCTION 

Figure F.l depicts the system to be analyzed. Four parameters 

associated with each discrete mass point will be expressed: the distance 

from the imbedded end, x, the length ofbeam lumped at a mass point, Ax, 

the mass associated with each discrete mass, m,and the mass moment of 

inertia ofthatsection,J. 

2. ANALYSIS 

= totallength ofbmm (F.l) 

= length ofbeam to transport base (F.2) 

Therefore,for n discrete masses beyond the imbedded end: 

LetA =L /(2m) (F.3) 
C 

=0 (F.4) 

Ax = A 
0 

(F.5) 
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Figure F.l. Discrete masssystem 
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^=K (F.6) 

= A +(L^-L^) (F.7) 

For0 < i < n; 

= 2iA (F.8) 

Ax^ =2A (F.9) 

M= total massofbeam (F.IO) 

p = M/L^ (F.ll) 

For all i: 

= (F^12) 

T= thicknessofbeam (F.13) 

J = m.iT^+ x^)/12
I I I 

(F.14) 
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APPENDIXG 

TRANSFER MATRIXANALYSIS 

Upon impact by a document, the beam will deflect transversely and 

rotate. Isolating an interior section ofthe beam,expressionscan befound for 

this deflection and rotation. Figure G.l shows this isolated section, where 

the quantities just to the left and right of the mass are denoted by 

superscriptsLand R,respectively. 

Considering the masslessbeam section: 

(G.l)1 =/+0^/. + (—)+ (— 1+1 I i I ^+^\2EI/ '+i\3£/ 

1+1 I t+i\ElJ '+l\2£// 

_ yfl 
(0.3)i+1 i 

<i=-K-''fh (G.4) 
Solvingfor V and M: 
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M. 

A //+1 
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Figure G.l. Beam section (i*^"section)for analysis. 

Source; William T.Thomson,Theory ofVibration with Applications, 
2nd ed.(Englewood Cliffs,N.J.: Prentice-Hall,Inc.,1981),p.323. 
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«f=-(y -yf)+(y +^ef) (o.e) 

=-ifH.->f)+(y)(2ef,,+e«) (G.7) 
, I 

The following equations may be written by considering general 

discrete mass pointson the beam. 

^F.= m.y.= V^-V^ (G.8)
I r I I I 

y M.=JQ (G.9)
I I I I I 

ef = ef=0, (G.io) 

yf =y^-y, (G.ii)
I I I 

Conditionson the system are asfollows. 

3, = v =9 =0 =0 
^0 O 0 o (G.12) 

= V^=0 (G.13)n n 

yF=my=V^ ̂-V^+F (G 14)
n n-^n n-l n impact ^ ' 

Now define a matrix,Y,where: 
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j'. = Y{4i+ 1) 
(G.15) 

3/. = Y{4i+ 2) 
(G.16) 

0.= y(4t+ 3) (G17) 

e.= Yi4i+4) 
(G.18) 

Solvingfor the time derivative ofY andconsidering G.8-G.14: 

4 n 
4 * 

7(1)= 7(2)= 7(3)= 7(4)=0 (G.19) 

7(4j+l)=y.= 7(4i+2) Fori>0 
(G.20) 

^ _ V^\lry, « (G.21)7(4i+ 2)=3^. = I 7. — 7. j/m. Fori^ n 

7(4i + 3)=0.= 7(4i+4) (G.22) 

y(4i+ 4)=0 = )/J. (G.23)
I \ I 1 / 1 
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APPENDIXH 

COEFFICIENTOFRESTITUTION 

The coefficient of restitution (e) is defined as the relative velocity 

between two bodies before impact divided by the relative velocity between 

the two bodies after impact. Looking particularly atthe case where a ball is 

dropped to a plate(Figure H.l); 

"2 (H.l) 
e= — 

V, 

where; 112 = velocity ofballjust afterimpact 

ui = velocity ofballjust beforeimpact 

X O 

Figure H.l Action ofballstriking plate. 
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Ifthe ball isdroppedfrom height,hi: 

^ 2 „, (H.2) 

V^ = V2gh^ (H.3) 

Also,ifatheighth2,v =0then: 

-m v^=m eh (H.4)2 ball 2 ^ball^ 2 

<^2=^2^/12 (H.5) 

Therefore: 

= (H.6)
"i vijft; ft, 

To determine the coefficient of restitution of a variety of materials, a 

steel ball was dropped from a height of10 inches and the maximum height 

reached after impact was recorded (averaged over 10 trials). Results are 

recorded in Table H.l. 

These valuesfor c are for a steel ball striking a base ofgiven material. 

Two discrepancies may occur in this analysis. The detector may be made ofa 

material other than steel and the detector will be striking a check on a base 

material. With this in mind the coefficient of restitution was found for an 
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Table H.l. Coefficients ofrestitution for a variety ofmetals. 

Base Material hi(in) h.2(in) £ = V h2/hi 

Aluminum 10 4.2 ±.3 .65 

CastIron 10 4.2 ±.3 .65 

Brass 10 4.0 ± .3 .63 

Steel 10 3.5 ±.3 .59 

Copper 10 2.9 ± .3 .54 
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aluminum detector striking an aluminum base plate with a document 

restingon it. 

hi =5unitson oscilloscope 

h2 = 0.8 unitson oscilloscope 

Therefore, 

(H.7)
e= 0.4 

Upon impact by a document, the detector device will rise to some 

maximum height,return to the documentsurface and rebound to some new 

maximum height with this new height decreasing with a smaller coefficient 

ofrestitution. With thisin mind,one possible way ofdecreasing the settling 

time would be to decrease the coefficient ofrestitution ofthe lever arm/base 

system. Plastics would be expected to exhibit a coefficient of restitution 

lower than those ofthe metals given in Table H.l. Therefore,settling time 

could be decreased using materials for the base plate and/or lever arm with 

lower coefficients ofrestitution than aluminum(i.e.other metals,composite 

materials,plastics,etc.). 

The value ofe = 0.4 will be used in the initial theoretical analysis of 

the system. However once experiments are performed, the value of the 

coefficient of restitution will be changed so that the theoretical response 

most nearly conforms to the actual experimental response. It is very likely 

that this value would change, because of the fact that the motion of the 

documentunderthe arm has been disregarded. 
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APPENDIXI 

CALCULATION OF NATURAL FREQUENCY 

and LOGARITHMIC DECREMENT 

Two variables of interest associated with damped oscillatory motion 

are the natural frequency and the logarithmic decrement. The natural 

frequency(co)is simply the reciprocal ofthe period ofoscillatory motion. For 

adampedsystem,the damped naturalfrequency(cOj)is described asfollows 

0, =- (I-H 

where isthe dampedfrequency. 

The logarithmic decrement(8)is used to measure the rate of decay of 

free oscillationsand is defined asfollows. 

n X 

where 

n = numberofcycles 

= amplitude offirst cycle 

= amplitude oflastcycle 
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Figure LI shows a sample oscilloscope trace used for calculating these 

quantities. Individual beams used in experimentation were isolated and 

excited manually. The oscilloscope trace shown is that ofthe optimal beam 

design. 

n = 28cycles 

numberofhorizontaldivisions= 9.6div 

1 horizontal division = 20msec 

X = 7.0 div 
0 

X = 2.1 div 
n 

28cycfes\/ rad V V 1000 msec 

\ 9.6 div A cycle A 2msecA sec 

md 
0).= 916.3 
" sec 

1 /7.0 div 
5= —(n\ 

28 \ 2.1 die 

5=.0430 

Table I.l is a compilation ofthese valuesfor all the flexible cantilever 

beams used in testing. 
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Figure I.l. Oscilloscope trace used for calculating beam properties. 



Table I.l Characteristics offlexible beams. 

beam total beam damped natural logarithmic 
thickness length frequency decrement 

(in) (in) (rad/sec) 

.008 1.25 754.0 .0149 

.010 1.25 816.8 .0131 

.008 1.50 534.7 .0665 

.010 1.50 802.1 .0429 

.011 1.50 916.3 .0430 

.012 1.50 961.7 .0423 

.010 1.75 577.0 .0195 

.012 1.75 751.3 .0260 
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APPENDIXJ 

VIBRATION ANALYSIS 

1. INTRODUCTION 

Thefollowing graphs are plots ofthe frequency spectrum generated by 

the HewlettPackard 5420B Digital Signal Analyzer at various sites in the 

lower transportregion oftheIBM 1255 reader-sorter(as described in Figure 

J.l). These are included to illuminate the effect of vibrations at various 

sites. Discussion isincluded undereachfigure. 

Each graph is the plot of an average value of the magnitude of the 

acceleration(a real time average taken over atleast50trials over a period of 

approximately one minute)vs.the frequency ofvibration. Also given on the 

following figures are the magnitudes of the displacement corresponding to 

integer multiples ofthe fundamentalfrequency ofthe motor(1725 rpm)and 

harmonicsofthe line frequency(60 Hz). The maximum displacementis also 

included ifit does notcorrespond tooneofthese harmonics. 
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Figure J.l. Location ofaccelerometer readings. 
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2. PLOTSOFFREQUENCYSPECTRUM 

0.5®-

1494 pin^60 

57pinJ^120 

X180 141 pin 
NAG 

ACCSL 3 pinX240 

(8'») 

'y JL 
ae 

a.» HZ 25B.0B 
Figure J.2 Frequencyspectrum ofback plate. 

Note: The frequency spectrum of the back plate does not depend on 
whether or notchecksare passingthrough the transportregion. 

jceo = 272 pin 
0.25 

J^130 = 74 pin 

X180 = 3 pin 

X2A0 = 46 pin 

CAG 

ACCEL 

(g's) 

I AaA/O
e.0 

LO HI ISaOB 

Figure J.3. Frequencyspectrum ofside plate(1). 

Note: This is with no deflector arm attached on the side plate. The 
frequency spectrum does not depend on whether or not checks are running 
through. 
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^40 = 114 pin 

0.10 ^60 = 45 pin 

X12Q = 74 pin 
RAG 

ACCBL 

JC180 = 3 pin 

X240 - 24 pin 

0,9 

Figure J.4. Frequencyspectrum ofside plate(2). 

Note: Rubber damping was added to the supports of the side plate to 
reduce the vibration. This was sufficient to reduce the peak atf= 60 Hz by 
a factor ofsix. Also,the peak atf= 240 Hz was reduced by a factor oftwo. 
Adding the structural damping shifted the maximum displacement to f= 40 
Hz. 

0.10 204pinX40 = 

23 pin^60 = 

79 pinX120 = 

3 pinJC180 = 
HAC 

ACCEL 

X240 = 6 pin 

•.0 T 

HZ zs&oa 

Figure J.5. Frequency spectrum ofside plate(3), 

Note: The rubber damping was removed and a heavy deflector arm 
(m=approx. 0.1 kg) was clamped to the side plate. The increase of the 
moment of inertia of the plate caused a substantial decrease in the high 
frequency peak, while the peak atf= 120 Hz remained virtually the same. 
The peak atf=60 Hz decreased by a factor of 10. However,increasing the 
momentofinertia increased the maximum low frequency peak atf= 40 Hz 
by a factor oftwo. 
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uo = 356pin 

226iiinJC60 = 

13pinX120 = 

ruG 8 pin
ACCEL JC180 = 

(«••) 

f0.9 

Figure J.6. Frequencyspectrum ofbase plate(1). 

Note: Frequency spectrum was obtained with checks passing over the 
base plate. Greater magnitudes of displacement were obtained for low 
frequencies. 
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(g'3) 

ao 

200.0021.003 

Figure J.7. Frequency spectrum ofbase plate(2). 

Note: A section of stiff rubber tubing was clamped against the base 
plate to damp vibrations. Note thatthe lowerfrequency peaks are decreased 
substantially. This peak shifts to f= 110 Hz. Checks were passing over the 
base plate on this trial, also. 
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2943iiinl.o - JC60 = 
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Figure J.8. Frequencyspectrum ofbase plate(3). 

Note: The conditionsfor this trial are identical to those ofthe previous 
trial, but much more pronounced peaks occur in this frequency spectrum. 
This could be due to the fact that the accelerometer was placed very near a 
supportingstructure in the machine. 
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X2AQ = 14 pin
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Figure J.9. Frequencyspectrum ofbase plate(4). 

Note: This spectrum was obtained without checks passing over the 
base plate with the structural damping. The damping has reduced the low 
frequency peaks. 
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244 pinJi:40 = 

o.?o . 

5 pinX60 = 

164 pinX120 = 

ACCEL 9 pinJC180 = 
(g'i) 

6 pinX240 = 

Figure J.IO. Frequencyspectrum ofbase plate(5). 

Note: Thisspectrum wasobtained with no checks passing through and 
with the deflector arm attached. 
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Figure J.ll. Frequencyspectrum ofbase plate(6). 

Note: Thisspectrum was obtained with the deflector arm attached and 
with checks passing through. Notice that the low frequency peaksincreased 
substantially. 
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U2| 
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Figure J.12. Frequencyspectrum ofbase plate(7). 

Note; Thisspectrum wasobtained with the deflector arm attached and 
with IBM cards passing through. Notice that the low frequency peaks 
decrease substantially due to the heavier cards passing through, but the 
peak atf= 120Hzincreases. 

346 pin 

jceo 45 pin 

X120 214 pin 

XISO 4 pin 

X2A0 7 pin 
K.KQ 

ACCEL 

g's) 
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Figure J.13. Frequencyspectrum ofprobe site. 

Note: This is the vibration spectrum at the actual site ofthe probe on 
the probe holder with checks passingthrough. 
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APPENDIXK 

EFFECTOFFILTERING 

A simple passive low pass filter was included in the system to reduce 

the noise effects. Figure K.l shows the description of the filter. The filter 

included a capacitor ofconstantcapacitance with a variable resistor. 

The low pass filter will allow low frequency signals to pass while 

reducing higherfrequencysignals(see FigureK.l) 

To find an optimum frequency, the resistance was varied and the 

subsequent effect on the experimental output was recorded. Figure K.2 

illustrates this point. The optimum frequency filtered out much ofthe high 

frequency noise while maintaining a steep rise and decline at the edges of 

the document. As the variable resistance was increased, this slope 

decreases. 

The optimum value for the time constant(RC)ofthe filter wasfound to 

be.001 seconds. 
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Input Output 

C =.1010 pF 

3 db 

D 
a. 

FREQUENCY(hz) cutoff 

Figure K.l Filter description. 

Source: Carl B. Weick,Principles ofElectronic Technology(Toronto: 
McGraw-HillCompany ofCanada Limited,1969),p.312. 
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APPENDIXL 

COMPARISON OFEXPERIMENTALANDTHEORETICAL 

BEAMRESPONSES 

In order to test the validity of the discrete beam model, the initial 

response of the beam upon impact was photographed for several different 

beams. This experimental response is compared to the computer output of 

the theoretical model response in Figure L.l. 

Any theoretical modelfor the impactresponse ofthissystem is difficult 

to define because ofthe flexibility ofthe check allowing its edge to turn up 

and strike the beam ata different angle and location on the beam. Also,any 

crease or tear in the check would significantly affect the beam response. In 

light of these considerations, the computer model very nearly predicts the 

response of most of the beams (particularly the initial slope of the 

displacementand the maximum height). 

Table L.lsummarizesthe resultofthe plots. 
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Figure L.l. Comparison of experimental and theoretical beam responses 
for cantilever beams. 
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Figure L,1(continued). 
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Figure L.l(continued). 
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Figure L.l(continued). 



heicfht of end of beaM vs. tine beaH thickness = 0.012 in 
total beaH length = 1.75 in 
striking angle = 3 degrees 
preload = 0.16 Ibf 

doc ht 

theoretical 

tiMe after inpact (nsec) 

documentheight 

wmm 
documentheight -

mm 
.2msec/div 

Figure L.l(continued). 
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Table L.l. Comparison oftheoretical and experimentalresults. 

beam total strik pre rise time to 

thick 

ness 

beam 

length 
ing 
angle 

load % overshoot max. height 
(msec) 

(in) (in) (deg 
rees) 

(Ibf) theore 

tical 
experi 
mental 

theore 

tical 
experi 
mental 

0.01 
0.01 

1.75 
1.25 

3 
7 

0.16 
0.16 

25 
ifl 

11 

46 

0.7 
0.6 

1.1 

0.5 

0.012 1.5 7 0.16 36 50 0.6 0.5 

0.012 1.5 3 0.16 36 30 0.6 1.0 

0.012 1.75 3 0.16 25 25 0,6 0.7 

0.008 1.5 7 0.16 ifl 37 0.6 0.6 

0.008 1.5 3 0.16 26 22 0.6 0.9 

0.01 1.5 7 0.26 31 29 0.5 0.4 

0.01 1.5 3 0.16 26 17 0.6 0.8 

! 0.01 1.25 7 0.32 23 22 0.5 0.5 

i 0.01 1.25 7 0.5 17 33 0.4 0.5 

;0.008 
! 0.008 

1.25 
1.25 

3 
7 

0.16 
0.26 

22 

27 
15 
23 

0.6 
0.4 

1.4 
0.5 

0.01 1.75 7 0.16 43 15 0.6 1.2 

0.01 1.5 7 0.l6 42 27 0.6 0.5 

0.008 1.25 3 O.Zk 12 21 0.6 0.7 
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APPENDIX M 

STRESS ANALYSIS 

1.INTRODUCTION 

Various quantities are required in the stress analysis ofthe cantilever 

beam. These willbe evaluated throughout. 

2. BENDINGSTRESSANALYSIS 

The bending stressfor a cantilever beam isdefined as 

M c 
max 

O = 
max I 

where; 

c = distancefrom neutral axis to edge = ,011/2 

wt^ (.5)(.011)^ 
I = 

12 12 

M = P L 
max max 

^max found from the exhaustive computer program for the 

cantilever beam for adocumentthickness of0.1 inch. 

P = .5 lb 
max 

=(.5)(1.25) 

^max = 61983 psi 
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The minimum stress ofthe beam would occur when there are no checks 

under the detector. 

^preload^^ 
a . = 
mm j 

(.27)(1.25)(6) „ 
o . = — =33,471 psi 

(.5)(.011)^ 

The material used isASTMA 109tempered polished feeler gauge stock 

with a hardnessofRockwellSOB. The yield stressfor this material is65,000 

psi. Comparing this to the maximum stress gives a value for the factor of 

safety(F.S.). 

o 

F.S. = —^= 1.05 
o 
max 

Thisfactor ofsafety is greater than one,implying that the beam would 

notfail due to yielding. The fact thatthe F.S.is very close to one should not 

be disconcerting, because the assumed model allowed 25 checks to traverse 

through the machine at once which is highly improbable. Assuming 2 or 3 

documentsare maximum atone time yields = 37190 psi(F.S.= 1.75). 

3. FATIGUESTRESSANALYSIS 

Another means offailure could be due to fatigue in the system. The 

Soderberg Criterion'^ was used to analyze this mode offailure. As discussed 
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in the text,the maximum stress was assumed to occur when 2.5 documents 

pass underthe beam. This yieldsthefollowingresults. 

1 a a 
A mag ave 

fJ'. ~~ ~ 
e y 

37190-33471 . 
o = = = 1860 psi
mag 2 2 

^max ^min 37190 + 33471 
o = = = 35331 psi 
ave 2 2 

o =r C p=(.9)(.71)(32,500)= 20768psj 
e f r 

1 1860 35331 
+ 

F.S. 20768 65000 

F.S.= 1.58 

Thus,infinite life would be expectedforthe beam design chosen. 
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APPENDIXN 

EQUIPMENT USED 

Thefollowing isa listoftheequipmentused. 

oscillosope Type: Textronix 

Serial Number: UT154874 

ME 1111 

oscilloscope camera Type: Textronix 

Serial Number: 012671 

UT131519 

proximitor Type: Bently Nevada Corp.,Model3100N 

Serial Number: 8508 

voltage sources Type: Bently Nevada Corp. 

Serial number: UT 189852 

Type: Lambda,ModelLL-903 

Serial Number: 1931 

UT233932 

ME 1181 
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APPENDIX0 

COMPUTERPROGRAMS 

Three computer programs were used in analyzing the detectorsystems. 

All programs were written in BASIC and programmed and run on personal 

computers. 

The first program written was used to find a spring constant and 

damping coefficient associated with a particular, given type of document 

usingthe equationsderived previouslyfrom the momentanalysis. 

The second program evaluates the linear and angular displacements 

and velocities of discrete mass points on a beam. Transfer matrix analysis 

wasused as wellasRunge-Kutta numericalintegration. 

The last program provides the height ofthe end of a rigid beam with 

respectto time afterimpactby a document. 
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10 LPRINT"number 1 LPRINT"**************************$*»*>**»>*,*»*,,,t , 
ttttttttt" 

20 'this program -finds a k <spring constant) and a c (damping coe-f-ficient) 
30 'associated with a particular type of check specifyintg the initial velocity 
40 'o-f an arm corresponding to a measured experimental value. 
50' program "Vo" 
60 CLS 

70 PRINT "calculate the initial velocity o-f an arm by speci-fying a 
80 PRINT "k and c associated with a particular type o-f check." 
90 PRINT 

100 PRINT "for ibm double-feed analysis." 
110 PRINT "by david melchers: grad assistant, mech eng, utk 
120 PRINT "with frank speckhart: prof, mech eng, utk 
130 PRINT "written 9/10/85." 

140 PRINT : PRINT 

150' 

160' tttttt**** assign constants 
170 pr=3.1415 

180 RA=PI/180 :DEG=180/PI :RPM=60/<2*PI) :8=386 

190 'assign constants for particular type of beam used for experimentation. 
200 L=2 'beam length (in) 
210 WT=.0034 'beam weight w/ no added weight (lb) 
220 ADDWT=.0106 'opt. added weight (lb) 
230 TFR=.0000375 'frictional torque at pivot (in-lb) 
240 VC=145 'velocity of check (in/sec) 
250' ********** input variables for specific conditions ********** 
260 TC=.004 

270 PRINT 

280 PRINT "input the striking angle betwixt the arm and the document (deg)." 
290 INPUT THSTR 

300 PRINT 

310 THSTR=THSTR»RA 

320 PRINT "is there added weight to the arm? 
330 PRINT " input 
340 PRINT "no added weight N 
35:!' PRINT "added weight hole # 1 1 
360 PRINT "added weight i3 hole # 2 2 
370 INPUT TYPET. 

380 IF TYPES = "N" THEN I=.000011:YBAR=1,02 'ms mom of inert. (in-Lb-s^2) 

390 IF TYPES = "I" THEN WT=WT-»-ADDWT:1=.0000501:YBAR=1! 

400 IF TYPES = "2" THEN WT=WT-t-ADDWT: I=.0000895:YBAR=.97 

410' 

420 PRINT:PRINT"input the type of document to be analyzed (CM or WS),,," 
430 INPUT DQC$ 

440 PRINT "guess a value for k..." 
450 INPUT K 

460 PRINT "guess a value for c..." 

470 INPUT C 

480 MARK=0 

490' 

500 'the following constants represent specific constants encountered in thc-:-
510 'theoretical analysis of the system and are included to simplifly 
520 'computations. refer to the analytic work to determine the nature of the 
530 'constants. 

540 KK=K*L'-2-K*TC*L/SIN(THSTR) 

550 CC=C*L'-2-C*TC*L/SIN(THSTR) 

560 ZETA=CC/(2*SQR(KK*I)) 

570 C1=K*VC*L*SIN(THSTR) 

580 C2=C»VC*L*SIN(THSTR) - TFR - WT*(L-YBAR)#COS(THSTR) 

590 C3=CC/(2*r) 

600 SQ=C3-'^2-KK/I 

610 IF SQ ^ 0 THEN SQ=-SQ:PRINT"zeta < 1":MARK=1 
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620 C4«SQR(SQ) 

630 A0=C1/KK 

640 A1«(C2-CC*C1/KK)/KK 

650 A ='(-AO-Al» <C3+C4))/<2*C4) 

660 B =-Al-A 

670 IF MARK = 1 THEN A=(-A0-C3»A1>/C4:B=-A1 

680' 

690 * 

700 'there are two occurences to check as time increases. 

710 '1) htBS the arm risen above the check thickness? 

720 '2) is the spring or damper in tension? 
730' if so, the arm will no longer be in contact with the check and 
740' the current value of thetadot should be compared to the exp. measured 
750 * value and k should be corrected. 

760 DUM=(L»SIN<THSTR)-TC)/L 'dummy variable 
770 THTC=THSTR-ATN(DUM/SQR(-08^1-^2+1 > ) 'theta (rad) at thickness =» Tc 

780' 

790' 

800 FOR T « 0 TO .0033 STEP .00002 

BIO E1=EXPC-C3*T) 

820 E2=EXP<C4*T) 

830 E3=EXP(-C4*T) 

040 TR1=SIN(C4*T) 

850 TR2==CaS CC4*T) 

860 TH=E1*(A*E2+B»E3)+A0*T+A1 

870 THDQT^El*(A*C4*E2-B*C4*E3)-C3»E1» CA*E2+B»E3)+A0 

880 IF MARK=1 THEN TH=E1*<A*TR1+BKTR2)+A0«T+A1: THD0T=E1»(A»C4*TR2-B*C4»TR1)-C? 

El«(A*TR1+B*TR2)+A0 

890 XXX=L/SIN(THSTR)-TC/(SIN(THSTR)-^2) 

900 XX1=TH*XXX 

910 XX2=THDDT*XXX 

920 XXX=VC*T-XX1 

930 IF TH > THTC THEN WHY*="theta exceeds thtc":PRINT WHY*:GOTO 980 

940 IF VC*T < XXI THEN WHY*="spring is in tension":PRINT WHY*:GOTO 980 
950 IF VC < XX2 THEN WHY*="damper is in tension":PRINT WHY*:GOTO 980 

960 IF T > .0032 THEN WHYS=:"time has exceeded time al1owable":PRINT WHYS:GOT 

980 

970 NEXT T 

980 PRINT : PRINT USING "K = lb/in";K 

990 PRINT USING "THETA DOT = rad/s";THDDT 
1000 PRINT USING "ZETA = ##.##4#";ZETA 

1010 PRINT USING "C « #.##4##4 lb-s/in";C 

1020 PRINT USING "I = #.## x E-05 in-lb-s-^2";I*10"5 

1030 PRINT USING "deflection of prototype spring = #.##### in"jXXX 
1040 PRINT USING "the check left the document because 8(";WHY* 
1050 PRINT USING "time of release » 4.####4 sec";T 
1060 PRINT USING "DOCUMENT TYPE = St";DOC* 
1070 PR*="Y" 

1080 BEEP:BEEP:BEEP:BEEP:BEEP 

1090 IF PR* = "Y" THEN 1110 

1100 GOTO 440 

1110 LPRINT:LPRINT USING "K = 4444.4444 lb/in";K 
1120 LPRINT USING"THETA DOT = 44.4 rad/s"jTHDOT 
1130 LPRINT USING"ZETA « 44.4444";ZETA 

1140 LPRINT USINC'C = 4.444444 lb-s/in"!C 

1150 LPRINT USING"! = 4.44 >: E-05 in-lb-s^2";I»10-^5 
1160 LPRINT USING"deflection of prototype spring = 4.44444 in";XXX 
1170 LPRINT USING"the check left the document because S<";WHY* 
IIBO LPRINT USING "time of release » 4.44444 sbc";T 
1190 LPRINT USING "DOCUMENT TYPE = 5<";D0C* 
1200 GOTO 440 
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10 'program "allinons" 
20 'created 8-6-85 by david melchersiUT grad student, mech eng dept 
30 'for IBM double—feed detector analysis. 
40 'with prof frank speckhart 
50 'updated 4—1—86 (most recent update) 
60 CLS 

70 PRINT"@»@*(5*@»e*@» pRoGrAm aLlInOnE - dmdmdmdmdmdm @*@*@*@>@*@*@*@*@*@*15" 
BO PRINT "this program will proceed through a dynamic analysis of discrete 
90 PRINT "masses used to describe a continuous cantileyer beam, transfer matrix 
lOO PRINT "analysis is used as well as numerical integration." :PRINT:PRINT■PR * 
NTiPRINTjPRINT 
110 ' 

120 'set constants to be used in the program. 
130 PI=3.1415 
140 RA»PI/180 :DEG=180/PI :RPM«60/(2*PI) iG-386 
150 ' 
160 ' - , 
170 FCT=0:QUIP=0 
180 PRINT "there are a variety of capabilities possible with this program. 
190 PRINT "refer to the following menu to choose what functions tc use. 
200 PRINT " 
210 PRINT " (1) output the height of the end of the beam vs. time tc 
220 PRINT " a data file. 
23u PRINT " (2) change some of the parameters in the program,
240 PRINT " (3) produce a hard copy of the dynamic response. 
250 PRIN*^"" 
260 PRINT " input the function that you wish to use. (enter 1,2,3 or CP for none 
> INPUT PCT 
270 PRINT 
280 IF FCT=2 THEN CHANGE = 1 :QUIP=1 
290 IF FCT=3 THEN HC»="Y":QUIP=1 
300 IF FCT <> 1 THEN 370 
wlO 'open a data file. TM = time array,HT » height array. 
320 DIM TM(200),HT(200) 
330 PRINT "type in the name of the data file.";INPUT FLNM« 
340 OPEN FLNMS FOR OUTPUT AS #1 
350 QUIP = 1 
360 DTYN=1 'dummy variable 
370 IF QUIP = 1 THEN PRINT"what other functions do you wish to use""': GOTO 17c") 
380 IF CHANGE <> 1 THEN CHNG*s"N" 
390 ' 
40«:' ' 
410 ' 

420 ' set beam parameters ********** 
430 ' 

440 BLEN 1.5 ' beam length (in) 
450 BUIIO = ■ u ' beam v•jidth (in) 

=460 BTHK .01 ' beam thickness (in) 
470 BMDD = 28*10-^6 ' beam mod. of elast. -SS (psi 

=480 BRHO .286 ' beam density -SS (lb/ln''3) 
490 MATS "stainless steel" ' beam material 
500 ' "NUM" is the number of discrete masses beyond the fixed end representing 
510 ' the continuous system, the runge—kutta analysis will not wori: if NUM ; 2i; 
520 ' NUM must be > 2 
530 NUM » 4 
54c:) LN = 1.5 ' LN is the distance from the pivot to the contact point 
550 IF CHNG$ = "N" THEN 790 
560 MARK = 0 
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570 PRINT USING "total beam length * ##,#### inches."; BLEN 
580 PRINT USING "beam width = ##.#### inches,"; BWID 
590 PRINT USING "beam thickness = ##.#### inches.";BTHK 

600 PRINT USING "beam modi-ilus o-f elasticity = ###, psi."; BMQI) 
610 PRINT USING "beam density = #.#### lb/in-^3."; BRHO 
620 PRINT USING "number o-f discrete mass points = ###.#";NUM 
630 PRINT "what parameter do you wish to change? 
64C' PRIN"^ " enter 

650 PRINT " beam length L 
660 PRINT " beam width W 

670 PRINT " beam thickness T 

680 PRINT " beam mod. of elast. —— E 

690 PRINT " beam density R 

700 PRINT "number o-f discrete mass paints—- N" 
710 INPUT CH* 

720 IF CMS = "L" OR CH* = "1" THEN 4030 

730 IF CH$ = "W" OR CH$ = "w" THEN PRINT "enter width INPUT BWID :MARK = 1 

740 IF CH% = "T" OR CH* = "t" THEN PRINT "enter thickness": INPUT BTHK :MARK = 1 

750 IF CH* = "E" OR CH* « "e" THEN PRINT "enter mod. o-f elast.": INPUT BMOD :MAF 

K « 1 

760 IF CH* « "R" OR CH* = "r" THEN PRINT "enter density.": INPUT BRHO :MARK = 1 
770 IF CH* = "N" OR CH* = "n" THEN PRINT "enter # o-f discrete masses beyond the 

•fixed end(> 2).":INPUT NUM;MARK=1 

7B0 IF MARK = 1 THEN 560 

790 IF HC* = "Y" THEN 3760 

80'!'' 

810 'calculate other beam properties. 

820 ^ 

830 SWT = (E-:LEN*BWID<BTHK) ♦BRHO ' beam weight (lb) 
840 BMASS = BWT/G ' beam mass (1b-sec"2/in) 
850 lA = BWID*BTHK'^3/12 ' beam area mom. o-f inertia <in '4) 
860 El =5 BMOD»IA ' beam El constant (lb-in-'''2) 
870 ' 
880 ' 
890 DIM DL(25),L(25) ,M<25),IM(25),Y(80),UP(200),K<4,80),2(80),C1<25),C2<25),C3(2 
5) 

900 ZCHK=0:ARNUM=0:STP=0 
910 ' 

920 • 

930 ' 
''AO ' **>**!:***» set other system parameters ♦>******** 
950 ' 

9^>0 PMAX = .5 ■' max. allow, -force on check (lb) 
*770 PEFF = , 1 ' e-f-f. -force on check (lb) : preload 
980 CTHK = ,004 ' check thickness (in) 
'?*?0 CVEL = 145 ' check velocity (in/sec) 
1000 THSTR = 10 * striking angle o-f check (deg) 
1010 EE - . 4 ' coe-f-f icient o-f restitution 
1020 DR = .02 ' damping ratio 
1030 IF CHNG* « "N" THEN 1250 
1040 MARK = 0 
1050 PRINT USING "striking angle = ###.### degrees. THSTR 
1060 PRINT USING "e-f-fective -force on check « ###.### lbs."; PEFF 
1070 PRINT USING "coe-f f 1 c i ent o-f restitution = .### " ; EE 
1080 PRINT USING "damping ratio = .###### ";DR 
1090 PRINT USING "check thickness = .###### inches";CTHK 
1100 PRINT 
1110 PRINT "what parameter do you wish to change? 
1120 PRINT " enter 
1130 PRINT " e-f-fective -force on check P 
1140 PRINT " striking angle o-f check S 
1150 PRINT " coe-f-f o-f restitution E 
1160 PRINT " damping ratio D 
1170 PRINT " check thickness T" 
1180 INPUT CH* 

135 



 

:19C IF CH$ = "P" OR CH$ = "p" THEN PRINT "enter the desired e-f-fective force on 
the check. INPUT PEFF:MARt:=1 

1200 IF CH$ = "S" OP CH$ = "s" THEN PRINT "enter new striking ang, of check (in 
deg) INPUT THSTR:MARK>: 
12J.0 IF CH$ = OR CH$ = "e" THEN PRINT "enter the new coeff. of restitution." 
: INPUT EE:MARK>1 

1220 IF CHf = "D" OR CH* = "d" THEN PRINT "enter the new damping ratio."! INPUT 
DR: MARK>1 

1230 IF CHf = "T" OR CH* = "t" THEN PRINT "enter the ne check thickness.":INPUT 
CTHK:MARK=1 

1240 IF MARK = 1 THEN 1040 

1250 THSTR == THSTR*RA 

1260 note: since the solution for the cantilever beam has axes parallel and 
1270 perpendicular to the angle of the imbedded end of the beam, the axes 
12S0 must be translated and rotated to find the position along the horiz. 
1290' and vert. 

1300 'solve for P (where Pis the force perpendicular to the imbedded end of the 
1310 'beam required to cause the beam to take the shape such that Peff as given 

'above is the initial force on the check) and the effective beam axis 
l^oO 'rotation to obtain the initial conditions of the beam in x—y coordinates 
1340 'horizontal and vertical. 

1350' 

1360 PSTART=PEFF:PSTEP=PEFF/100 

1370 N=0:NN=0:UP(0)=0 

1380 PFIND=PSTART-PSTEP 

1390 'begiLH loop 
1400' 

1410 PFIND=PFIND+PSTEP 

1420 PRINT USING"PFIND=##.##### UP(N)=##.#########";PFIND,UP(N) 
1430 N-N+1 

1440 THRQT = PFINDfLN'^2/(2»EI)+THSTR 

1450 UP(N)=ABS(PFIND-PEFF/COS(THROT)) 

1460 IF UP<N) > UP(N-l) THEN NN=NN+1 

1470 IF NN > 1 THEN NN=1:PSTART='PFIND-2*PSTEP!PSTEP=-PSTEP/2 

1480 IF UP(N) < .000001 THEN P=PFIND:GDTO 1510 

1490 GOTO 1410 

1500' 

1510 PRINT USING " preload = ###.##### lbs throt = ##,### deg";P,THROT*DEG 
1520 PRINT;PRINT 

1530 IF CHNG*="N" THEN 1560 

1540 PRINT "do you want to change any variables? if so, type Y":INPUT QUES* 
1550 IF QUES$«"Y" THEN THSTR=THSTR*DEG!GOTO 1040 

1560 IF HCt == "Y" THEN 3860 

1570' 

1580'YMAX is the y-distance at the tip of the beam when force P is applied. 
1590 YMAX = P»LN'-3/(3*EI) 

1600 '»>** check max P on check for system with Pmax allowable. *>**** 
1610 'the maximum passible thickness passing under the check is given as 0.1 in. 
1620 YCHECK=YMAX + .1»COS(THROT) 

1630 PCHECK=3*EI*YCHECK/CLN-3)*CDS(THROT) 

1640 IF PCHECK > PMAX THEN 4290 

1650' find the location of the mass points ttttttttt* 
1660 'there will be a mass point at the contact point 

1670 'and NUM - 1 masses at equal intervals previous to the 
1680 'mass point at the contact point. Also there will be a "dead" mass 
1690 'point at the imbedded end of the beam. 
1700 MPERL = BMASS/BLEN 'mass per length 
1710 'establish four arrays where! 

1720' DL IS THE LENGTH OF THE BEAM ASSOCIATED WITH EACH MASS POINT 

1730' L IS THE DISTANCE FROM THE IMBEDDED END OF EACH MASS POINT 

1740' M IS THE DISCRETE MASS 

1750' IM IS THE MASS MOMENT OF INERTIA OF EACH SECTION 

136 



 

1760 DL(0)=LN/(2*NUM) 

1770 L<0)=0 

1780 FOR I = 1 TO NUM-1 

1790 DL(I)=2»DL(0) 

1800 NEXT I 

1810 DL(NUM)=DL(0)+(BLEN-LN) 

1820 FOR I = 1 TO NUM 

1830 L<I)=L(I-1)+2*DL(0) 
1840 M(r)=DL(I)*MPERL 

1850 IM(I)=M(I)/12»<BTHK--2+DL < I)•"■2) 
1860 NEXT I 

print "to solve the dynamics of this system, the documents strikino 
<onn' „ detector will be modeled as a rigid beam with constant velocity1890 PRINT "With a spring/damper included to model the de-formation of the 
1900 PRINT "document. The values for the spring constant and damping ratio of 
1910 PRINT "specific documents must be determined experimentally.
1920 SC=uOiDC=.0001:GOTO 1970 'NOTE: these are evaluated constants. 
19u0 PRINT: PRINT "Input a reasonable value for the spring constant(approx 30 1 
b/i n)" 

1940 INPUT SC 
1950 PRINT: PRINT "Input a reasonable value for the damping coeffiapprox .0001 
Ib-sec/in)" 
1960 INPUT DC 
1970 PRINT USING "spring constant » ####.## Ib/in damping coefficient = # ####« 
# Ib-sec/in"jSC,DC 
1980 ' 

1990 ' 

2000 ' 

2010 * >>»«>>>«|:|( set initial conditions of beam tfliKttkliKK 
2020 * 
2030 FOR 1=1 TO 80 
204(^ Yd) =0 
2050 next I 'set all initial conditions equal to zero 
206U 'since the beam has been modeled with a^es perpendicular and parallel to 
2070 'the imbedded end of the beam, all of the dynamic analysis will be done 
^08u 'with respect to these axes. then the coordinates will be rotated and 
2090 'translated to give the response of the beam in a horizontal - vertical 
21I.IU 'system.
^11^ matrix Y below contains the following dynamic parameters:

' y, ydot, theta, thetadot 
2130 FOR 1=0 TO NUM 
2140 y(4»I+2)=0 'ydot for all masses = O 
2151.1 Y(4»I-+4)=0 'thetadot for all masses = 0 
2160 NEXT I 
2170 Y(1)=0 »y of mass zero = 0 
2iau Y(j)=i.i 'theta of mass zero = 0 
2190 Y<4*NUM+1)=YMAX -y at end of beam 
2200 Y(4*NUM+3)=P»LN---2/(2»EI) 'theta at end of beam 
2210 FOR I = O TO NUM 
2^^0 LL=LN-L<I> >ll is the distance from the free end 
22.i0 Y(4*I + 1)=P/(6*EI)»(LL-~3-3*LN"2*LL+2*LN'-3) 'y of mass I 
2240 Y(4»I+3)=P/(2*EI)«<LN-2-LL'-2) 'theta of mass I 
2250 NEXT I 
2260 force analysis 
2270 ' Initially the transport base exerts a normal force equal to P*cos(THrot)
280 If the document strikes the detector arm at some time.t=0, the normal 
.^9o force that the transport base exerts on the detector will decrease as the 
w60 document impact force begins to raise the detector arm off the transport 

eventually, at some time, t=to, the normal force will vanish and 
2300 for t-to+ the detector will begin to raise. Thus, solve for to and begin 
2310 runge-kutta analysis a little bit before this time. 
2320 
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"330' tttttttt** solve for to ttttt***** 
2341.1 ' At t=to the document force perpendicular to the undeformed beam 
2350' is simply equal to P. 
2360 TO=<P/(SIN(THROT)*S1N(THSTR)*COS(THSTR))-DC»CVEL)/(SCtCVEL) 
2370 PRINT USING"the approx. time for the detector to leave the trans, base i- « 
».##« msec";TOtlOOO 

2380 IF HC»="Y" THEN LPRINT USING"the appro);. time for the detector to leave the 
trans, base is ##.### msec TO*1000 

2390 IF CHNG»="N" THEN T=OiGOTO 2440 
2400 PRINT"at what time (in msec) do you wish to start the runge-kutta analysis') 

2410 PRINT"if unknown, type ZERO (0)" 
2420 INPUT T 

2430 T=T/1000 

2440 FOR 111=1 TO NUM 'set constants to be used in runge-kutta 
2450 C1(III)=12*EI/DL(III)^3 
2460 C2(III)=6*EI/DL<III)^2 
2470 C3(III)»2»EI/DL(III) 
2480 NEXT III 

2490 C1(0)=C1(1)sC2(0)=C2(l):C3(0)=C3<1) 
2500 DHK=0 

2510' 

2520 • 

2530' 

2540' **«**|[iiiii;ti begin runge-kutta analysis ««**t***irti 
2550' 

2560 '1 will evaluate the y and theta values for the non-rotated and 
2570 'non-translated system and then translate and rotate before i print. 
2580 REM t9 = maximum time 
2590 T9=.01 

2600 REM t8 is equal to the print interval 
2610 T8=.00002 

2620 REM dl' = increment of integration step size 
2630 Dl =.00002 

2640 PRINT:TIMARK = 0 

2650 PRINT USING " the integration step size is sec.";Dl 
2660 PRINT USING " the print interval is sec. "j T0 
2670 PRINT USING " this is equivalent to every ###.# integration(s) T8/D1 
26Bo PRINT USING " the maximum time for printing is #*.#* sec. ";T9 
2690 PRINT USING " #####.## trials will be printed.";T9/T8 
2700 PRINT "do you wish to change any of these parameters? 
2710 PRINT " enter 
2720 PRINT " integration step size? I 
2730 PRINT " print interval? p 
2740 PRINT " maximum time for printing? M " 
2750 INPUT TIMECH* 

2760 IF TIMECHS = "I" OR TIMECH* = "i" THEN PRINT"input integration step size:"* 
INPUT D1:TIMARK=1 

2770 IF TIMECH* = "P" OR TIMECH* = "p" THEN PRINT"input print interval:":INPUT T 
8:TIMARK=1 

2780 IF TIMECH# = "M" OR TIMECH* = "m" THEN PRINT"input maximum time:":INPUT T9: 
TIMARK=l 

2790 IF TIMARK = 1 THEN 2640 
2800 CLS 

2810 T8 = T8/D1 

2820 IF HCS = "Y" THEN 3910 
2830 REM n = number of first order equations for runge-kutta. 
2840 N = 4*(NUM+1) 

2850 FOR 1=1 TO 80 

2860 Z < I) = Yd) 

2870 NEXT I 

2880 T7 = 9.000001E-r09 

2890 GOTO 3290 

2900' 
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2910 FOR Jal TO 4 

2920 ON 3 GOTO 3070,2930,2990.3020 
2930 T » T+D1*.5 

2940 FOR I-l TO N 

2950 Yd) = Kd,I)*D1*.5 + Zd) 
2960 NEXT I 

2970 GOTO 3070 

2980 FOR I«1 TO N 

2990 Yd) = K<2,I)*D1*.5 Zd) 
3<I>00 NEXT I 

3010 GOTO 3070 

302'!> T « T+.5*D1 
3030 FOR 1=1 TO N 
3040 Y<I) = K<3,I)»D1 + Zd) 
3050 NEXT I 

3060 

3070 ttttttttt* first order equations *******$** 
3080 

3090 'define i K matrix where K<x,y) is the derivative of Y<y) 
3100 QQ=OiMM=: 

3110 FOR Q=1 TO N 

3120 K(J,a)=Y(Q+l) 
3130 IF Q=MM+4 THEN 4760 

3140 IF Q=»1f1+6 THEN 4810 

3150 IF Q <= 4 THEN K(J,Q)=0 
3160 IF Q=N-2 THEN 4860 

3170 IF Q=N THEN 4890 

3180 NEXT Q 

3190 Y<4«NUri+l) = Y(4*NLIM+1) - YMAX 'translate coordinate 
32CiO Y(4*NUM+1) =Y(4*NUM+1)*CaS(ABS(THROT))+L(0)*SIN((THROT)) 'rotate coorc: 
mate 

3210 IF Y(4*NUM-d) > CTHK + .000001 THEN ZCHK=1 

3220 Y(4*NUri+l) =(Y(4*NUM+1)-L CNUM-NUfI)*SIN(THROT))/CDS(THROT) 'unrotatt? 
3230 Y(4*NUM+1) =s Y(4*NUM+1) + YMAX 'untranslate coordinate 
3240 IF ZCHK=0 THEN 4560 

3250 NEXT J 

3260 FOR 1=1 TO N 

3270 Z(I)=2d)+D1*(Kd.I)+K<4,I)+2*(K(3,I)+K(2,I)) ) /6 
3280 NEXT I 

3290 FOR 1=1 TO N 

3300 Yd) = Zd) 

3310 NEXT I 

3320 T7=T7-^1 

3330 IF T7 <= T8-.0002 THEN 3690 

3340 T7 = 0 

3350 

3360 print results OXOKtt* 
337(1' 

3380 FOR K=NUM TO 0 STEP -1 
3390 Y(4*K+1) = Y(4*K+1) - YMAX 'translate coordinates 
340(:> Y(4*K+l) :»Y(4*K+1)*C0S(ABS(THROT))+L(NUM-K)*SIN((THROT)) 'rotate 
inates 

3410 Y(4*K+35) Y<4*K-^3) THROT 'rotate coordinates 
3420 NEXT K 

3430 IF Y(4»NUM+1) < CTHK AND ZCHK=1 THEN 4360 
344t:' IF HC* = "Y" THEN GOTO 3960 

3450 PRINT!PRINT:PRINT USING"T=###.### msec.";<T+TIME)*1000 
3460 PRINT" *« dist along ** height ** velocity ** theta **thetadat »* 
3470 PRINT" $$ undeformed ** (in) ** (in/sec) «* (deg) *>(rad/sec)»* 
3480 PRINT" ** beam (in) ** ** tt ** t* 
3490 PRINT" 

3500 IF DTYN <> I THEN 3540 
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3S10 'output to data file the height of end of beam vs. time. 
3520 ARNUM-ARNUti+1:TM(ARNUM)=(T+TIME)»1000:HT(ARNUM)=Y(N-3) 

3530 PRINT #1,TM(ARNUM),HT(ARNUM) 
3540 XYZ=0 

3550 FOR II=N TO 4 STEP -4 

3560 IF HC« = "Y" THEN 4010 

3570 PRINT USING" ####.#### ";L(NUM-XYZ),Y(11-3),Y(11-2),Y(II-l)»DEG,Y(11) 
3580 XYZ=XYZ+1 

3590 NEXT II -

3600 IF DHK=1 AND HC»="Y" THEN LPRINT:LPRINT"the detector is now off the base"-L 
PRINT 

3610 FOR K=NUM TO 0 STEP -1 

3620 Y(4»K+1) =(Y(4*K+1)-L(NUM-K)*SIN(THROT))/COS(THROT) 'unrotate 
3630 Y(4*K+1) — Y(4*K+1) + YMAX 'untranslate coordinates 
3640 Y(4*K+3) = Y(4*K+3) + THROT 'unrotate coordinates 
3650 NEXT K 

3660 IF HC« = "Y" THEN 3990 

3680 PRINT 

3690 IF T= < T9 THEN 2900 

3700 END 

3710' 

3720' 

3730' 

3740' *%%%%%%%%% 

3750' 

3760 LPRINT "DYNAMIC ANALYSIS OF MASS POINTS ON A CANTILEVER BEAM" 

3770 LPRINT " 

3780 LPRINT MAT* 

3790 LPRINT USING"total beam length = ##.#### inches."; BLEN 
3800 LPRINT USING"beam width = ##.##«# inches."; BWID 
3810 LPRINT USING"beam thickness = ##.#####* inches."; BTHK 
3820 LPRINT USING "beam modulus of elasticity = *##.### psi."; BMOD 
3830 LPRINT USING"beam density = #.#### lb/in^3."; BRHO 
3840 LPRINT(LPRINT 

3850 GOTO 800 

3860 LPRINT USING "perpendicular preload = ###### lbs."; F' 
3870 LPRINT USING "effective preload = ###.#*#### lbs."; PEFF 
3880 LPRINT USING"striking angle = ###.##« degrees.";THSTR»DEG 
3890 LPRINT(LPRINT 

3900 GOTO 1570 

3910 LPRINT" »* dist along »* height tt velocity »» theta *»thetadot *» 
3920 LPRINT" ** undeformed *♦ (in) ** (in/sec) ** (deg) ** (rad/sec) Jii 
3930 LPRINT" *» beam (in) »» *» »» *» *» 
3940 LPRINT" " 
3950 GOTO 2830 
3960 LPRINT USING"T=###.### msec.";(T+TIME)»1000 
3970 LPRINT" " 
3980 GOTO 3500 
3990 LPRINT"**************************************************;******!:***:***" 
4000 GOTO 3690 
4010 LPRINT USING" ####.#### ";L(NUM-XYZ) ,Y(I I-3) ,Y(I I-2) ,y(II-1)«DEG,Y(I I) 
4020 GOTO 3580 
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4030 PRINT "recognize that to change the length of the beam two factor, are invo 

4n=0 PrX "fh® be curved up to decrease the striking angle 
em. therefore two lengths are required to sufficiently describe the syst
4060 PRINT "one is the total length of the cantilever beam. 

on'-'trr^'Ise'^r; 
40eo PRINT:PRINT 

4°00 PRINT:Pr'int'' ^®"5th.": INPUT BLEN 
tact '"i'tance from the pivot point to the cor, 
4120 INPUT UN 

4130 MARK = 1 

4140 SOTO 780 
4150 IF CHK=1 THEN 4170 

4160 GOTO 3430 

4170 IF HMAX <= CTHK+.002 THEN 4190 

4180 GOTO 3430 

4190 IF HC*="Y" THEN LPRINT"the detector is within the height limit." 
4200 IF HC*="Y" THEN LPRINT USING"5ettling time = ####.###### sec.";T 
4210 PRINT"the detector is within the height limit." 
4220 PRINT USING"settling time = ##*#.«##«## sec-'-jT 
4230 END 

4240 IF RKHK = 0 THEN 3440 

4250 CHK=0 

4260 Y<4»NUM+4)=-Y<4*NUM+4)*EE 

4270 Y(44NUM+2)=-Y(44NUM+2)»EE 'thetadot and ydot at end change on bounces. 
4280 GOTO 3440 

4290 IF HC*="Y" THEN LPRINT "P is greater than Pma>; for cthk=.1 ." 
4300 IF HC«="Y" THEN LPRINT "this system will not satisfy the constraints." 
4310 IF HCS="Y" THEN LPRINT USING "pmax for cthk =.1 is #####.#«##.";PCHECK 
4320 PRINT "P is greater than Pmax for cthk=.1 
4330 PRINT "this system will not satisfy the constraints." 
4340 PRINT USING "pmax for cthk =.1 is #####.####.";PCHECK 
4350 GOTO 1650 

4360 PRINT"detector arm strikes document" 
4370 STP=STP+1 

4380 IF STP < 7 THEN 4410 

4390 IF DTYN = 1 THEN CLOSE 1:G0T0 4920 
4400 GOTO 4920 

4410 Y(4»NUI1+2)=-EE*Y(4*NUM+2) 

4420 Y(4*NUM+4)=-EE»Y<4*NUM+4) 

4430 Y(4»NUM+1)=CTHK + .000004 

4440 FOR K=NUM TO O STEP -1 

4450 Y(4*K+1) =(Y(4»K+1)-L<NUM-K)»SIN(THROT))/COS(THROT) 'unrotate 
4460 Y(4*K+1) - Y(4*K+1) + YNAX 'untranslate coordinates 
4470 Y(44K+3) = Y(4*K+3) + THROT 'unrotate coordinates 
4480 NEXT K 

4490 TIME = TIME+T 

4500 T=0 

4510 FOR 11=1 TO 80 

4520 Z <11)=Y(11) 

4530 NEXT II 

4540 T7 = 9.000001E+09 

4550 GOTO 3290 

4560 Y<4>NUM+1) = Y<44NUM+1) — YMAX 'translate coordinate 
4570 Y(4*NUM+1) =Y(44NUM+1)»CDS(ABS(THROT))+L(O)*SIN((THROT)) 'rotatecoorc 
inate 

4580 Y(4*NUM+3) = Y(4»NUM+3) - THROT 'rotate coordinate 
4590 K1=Y(4*NUM+1) 'y @ num 
4600 K2=Y(44NUM+2) 'ydot 8 num 
4610 K3=Y(44NUM+3) 'theta 8 num 

4620 K4=Y(4*NUM+4) 'thetadot 0 num 
4630 K5=M(NUM) 'mass of num 
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4640 'ADOC is the acceleration due to the document force. 

* ))H-DC/K54(CVEL-(K24TAN(ABE(K3))+K1/(COS(AF 
. ■" accel. o-f mass pt, in dir. o-f document motion.Y<4*NUM+1) =(Y(4*NUM+1)-L(NUM-NUM)»SIN(THRDT) )/C0S(THR0T) 'unrotate
4670 Y(4»NUM+1) = Y(4»NUM-rl) + YMAX 'untranslate coorrii nrrr 
4680 Y(4*NUI1+3) = Y(4*NUM+3) + THRDT 'unrotate coordinate
4690 ADY = AD0C*SIN(ABS(K3))»C0S(ABS(K3)) 'doc. accel. in y-direction 
AVIO PR^NT^US?NG'' t "T' ' V-di rec'^n. 

^ contact,arm off hase" : K (. , M-c 
4730 K(J,N-2)=0
4740 PRINT"stage 1:document in contact, arm on base" 
4750 GOTO 3250 
4760 00=00+1 
4770 VIR=Cl(Q0)*(Y(0+3)-Y(a-l) )-C2(00)»(Y(Q+5)+Y(0+l))
4780 VIL=C1(00-1)*(Y(0-1)-Y(0-5) )-C2(00-1)*(Y(0+1)+y(0-3))
4790 K(J,0)=(VIR-VIL)/M(CINT( (0-2)/4)) 
4800 GOTO 3140 
4810 MM=MM+4 
482(D hIR=C2(00) t (Y (0+1)-Y(0-3) )-C3(00) * (Y(0+3) +2»Y(0-1) )
48iO MIL 02(00-1)»(Y(0-3)-Y(0-7))+C3(00-1)*(24Y(0-1)+Y(Q-5) )
4840 K(J,0)=(MIR-MIL)/IM(CINT((0-4)/4)) 
4850 GOTO 3150 
4860 VIL=C1(00-1)*(Y(0-1)-Y(0-5) )-C2(QQ-1)»(Y(0+1)+Y(0-3))
4870 K(J,0)=-viL/M(CINT((0-2)/4) ) 
4880 GOTO 3170
4890 MIL=-C2(OQ-1)»(Y(0-3)-Y(0-7) )+C3(00-1)»(2»Y(0-1)+Y(0-5) )
4900 K(J,0)=-MIL/IM(CINT((0-4)/4)) 
4910 GOTO 3180 
4920 FOR ZIZI=1 TO 2000 STEP 10 
4930 IZIZ=INT(RND4ZIZI) 
4940 SOUND IZIZ. .25 
4950 NEXT ZIZI 
4960 IF DTYN <> 1 THEN END 
4970 PRINT"check your data." 
4980 PRINT"press CR to continue" 
4990 INPUT ANY 
5000 IF DTYN=1 THEN 5020
5010 INPUT "from what file do you wish the data to be 1isted"-FLNMS 
5020 OPEN FLNMS FOR INPUT AS #1 nscea ,|-LNMS
5030 IF EOF(l) THEN END 
5040 INPUT #1,A,B
5()5() PRINT USING" *#.*«# MSEC #.#««### INCHES": A, B 
506u GOTO 5030 
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20 
t****************************'♦**»*******»***»*»»»*»#»****«**»♦»*»****** 

program "rigrep" ************************ > 
30 

40 ^program "rigid" 
50 melchers:UT grad student, mech eng dept
60 •for IBM double—feed detector analysis. 
70 'with pro-f -frank speckhart 
80 'updated 5-28-B6 Cma*5t recent update) 
90 CLS 

pRoGrAm rigid - dmdmdmdmdmdm 
program will proceed through a dynamic analysis of ^ Pig.d 

I'O PRTWT I * ^ spring at the support) that is struck by a variety ofI->U PRINT "document types." rPRINT:PRINT;PRINT:PRINT:PRINT
140 ' 
150 'set constants to be used in the program.
160 pr«3.141593 
170 RA»PI/180 iDEG=180/PI ;RPM=60/(2*PI) :G«386 
180 ' 

190 

200 FCT=0:DUM2=0 
210 PRINT there are a variety of capabilities possible with this program, 
220 PRINT refer to the following menu to choose what functions to use. 
230 PRINT 
240 PRINT < 1) output the height of the end of the beam vs. time to 
250 PRINT a data file. 
260 PRINT (2) change some of the parameters in the program,
270 PRINT (3) produce a hard copy of the dynamic response.
200 PRINT 
290 PRINT input the function that you wish to use.":INPUT FCT 
ZOO IF FCT=2 then change = 1 : DL)M2=! 
310 IF FCT=3 THEN HC»="y":DUM2=1 
320 IF FCT <> 1 THEN 39i:i 
330 'open a data file. TM = time array,HT = height array 
340 DIM TM(200) ,HT(200) 
350 PRINT "type in the name of the data file.":INPUT FLNMS 
36Ci OPEN FLNMS FOR OUTPUT AS #1 
370 DUM2 = 1 
380 DTYN=1 ' dumm-y variable 
390 PRINT"what other functions do you wish to use''":GOTn 2<")ri
400 IF CHANGE <> 1 THEN CHNGS="N" 
410 ^ 

420 
430 ■ 

440 set beam parameters 
450 ' 

460 LUP = 1.75 ^^®^®oce to first bend in b©am<in)
470 LLD = .05 dist. from bend to end of bBam(ir.)
480 BWID s . 1 ' beam width (in)
490 BTHK = . 1 ' beam thickness (in)
500 BMOD = 10* 10-'6 beam mod. of elast. -SS (psi)
510 BRHO = . 1 beam density -SS (lb/in-^3)
520 MAT* == "aluminum" ' beam material 

BLEN == LLa■^-LUP ' total beam length (in)
540 max. allow, force on check (lb)PMAX = 
550 TPEFF == 1 ' eff mom on doc desi red (i n-1 b) : prel aac;
560 check thickness (in)CTHf:: == .004 

CVEL570 = 145 ' check velocity (in/sec)
THSTR =580 striking angle of check (deg)

590 THBEND - 160 angle of bend in beam (deg)
600 KTHETA torsional spring constant (In-lb)
610 EE ' coefficient of restitution 
620 DR damping ratio 
63'I> MARK = 0 
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640 BLEN=LUP+LL0 

650 PRINT USING "total beam length = inches."; BLEN 
660 PRINT USING "dist. -from bend to end o-f beam = ##.#### inches."; LLO 
670 PRINT USING "distance to -first bend in beam = ##.#### inches."; LUP 
680 PRINT USING "beam width = ##,#### inches,"; BWID 
690 PRINT USING "beam thickness - ##.#### inches. BTHK 
700 PRINT USING "beam modulus o-f elasticity = tttttt' psi."; BMQD 
710 PRINT USING "beam density = #,#### lb/in'^3."; BRHO 
720 PRINT USING "striking angle = ###.### degrees. THSTR 
730 PRINT USING "angle o-f bend = ###,### degrees. THBEND 
740 PRINT USING "e-f-fective moment or check = ###.### i n-lb";TPEFF" 
750 PRINT USING "coe-f-f icient of restitution = .### ";EE 
760 PRINT USING "torsional spring constant = ##.#### in-lb";KTHETA 
770 PRINT USING "damping ratio = .###### ";DR 
780 PRINT USING "check thickness = ,###### inches";CTHK 
790 IF CHNG* = "N" THEN 1040 

800 PRINT "what parameter do you wish to change? 
810 PRINT " enter enter 
820 PRINT " dist. from bend to end — L striking angle of check S 
830 PRINT " distance to first bend — U bend angle in rigid beam B 
840 PRINT " beam width W coeff. of restitution E 
850 PRINT " beam thickness T torsional spring constant — K 
860 PRINT " beam mod, of elast. M damping ratio D 
870 PRINT " beam density R check thickness C 
880 PRINT " eff. moment on check P" 

890 INPUT CH* 

900 IF CH* = "U" OR CM* ="u" THEN PRINT"enter upper 1ength.":INPUT LL'P :MARf=l 
910 IF CH* = "L" OR CH4 ="1" THEN PRINT"enter lower 1ength INPUT LLC =1 
920 IF CH* = "W" DR CHt ="w" THEN PRINT "enter width INPUT BWID :HARK = 1 

930 IF CH$ = "T" OR CH* ="t" THEN PRINT "enter thickness": INPUT BTHk :MARK ~ 1 
940 IF CH* = "M" OR CHS ="m" THEN PRINT "enter mod. of elast.": INPUT BMOD :MAR^ 
= 1 

950 IF CH* = "R" OR CH* ="r" THEN PRINT "enter density.": INPUT BRHO :MARK = 1 
960 IF CH$ = "P" OR CH$ =!"p" THEN PRINT "enter the desired effective moment or; t 
he check INPUT TPEFF:MARK=1 

970 IF CHt = "S" OR CH* ="s" THEN PRINT "enter new striking ang, of check \in de 
g).":INPUT THSTR:MARK=l 

980 IF CH$ = "E" OR CH$ ="b" THEN PRINT "enter angle of bend in beam i n deg).": 
INPUT THBEND:MARk>l 

990 IF CM* = "E" OR CHt ="e" THEN PRINT "enter the new coeff. of restitution.": 
INPUT EE:MARK=1 

1000 IF CH^ = "l-'" OR CHt ="k" THEN PRINT "enter the new torsional spring conEtsn 
t.": INPUT KTHETA:MARK-1 

1010 IF CH* = "D" OR CHt ="d" THEN PRINT "enter the new damping ratio.": INPUT D 
R: MARK=l 

1020 IF CHt = "C" OR CH* ="c" THEN PRINT "enter the new check thickness.":INPUT 

CTHK:MARK=l 

1030 IF MARK = 1 THEN 630 

1040 IF HCt <> "Y" THEN 1200 'skip over he section? 
1050 LPRINT USING "total beam length = ##.#### inches,"; BLEN 
1060 LPRINT USING "dist. from bend to end of beam = ##.#### inches."; LLO 
1070 LPRINT USING "distance to first bend in beam = inches."; LIJ^ 
1080 LPRINT USING "beam width = ##,#### inches."; BWID 
1<I»90 LPRINT USING "beam thick ness ~ #*♦,#### inches. "; BTHK 
1100 LPRINT USING "beam modulus of elasticity = ###. '■■■'• psi."; BMOD 
1110 LPRINT USING "beam density = Ib/in-C."; BRHO 
1120 LPRINT USING "striking angle = ###.### degrees.";THSTR 
1130 LPRINT USING "angle of bend ~ ###.### degrees THBEND 
1140 LPRINT USING "effective moment on check = ###.### in-lb";TPEFF 
115'!' LPRINT USING "coefficient of restitution == "; EE 
1160 LPRINT USING "torsional spring constant = ##.#### in-lb";KTHETA 
1170 LPRINT USING "damping ratio = . ;DR 
1180 LPRINT USING "check thickness = .###### inches";CTHK 
1190 LPRINT:LPRINT 
1191 111=3 
120'!' ' 
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1210' 

1220' ************** calculate other beam properties ******************4****4*> 
1230 ^ 

12^10 BWT = (BLEN*E!WID*&THK)*BRHO ' beam weight (lb) 
1250 BMASE = BWT/G ' beam mass (1 b-sec'"^2/in) 

1260 MPERL=BMASS/BLEN ' beam mass per length (1b-sec"--2/in'"^2) 
1270 MUP=:MPERL*LUP ' mass o-f upper portion of bean; 
12S0 MLO=MPERL*LLO ' mass of lower portion of beam 
1290 THBTR=THSTP*RA:THBEND-THBEND*RA ' change angles to radians 
1300 LSTR=( CLUP) 2+(LLO-CTHK/SIN(THSTR))■'^2-2»LUF* <LLO-CTHK/SIN (THSTR) ) *COS <THBE• 
D) ) ■ . 5 * distance from pis'ot to where the document strikes the beam •: :i n 
1310 LCOG= (LUP''2+ (LLO/2) ■^2-2*LUP* <LL0/2> *CDS (THBEND) ) ". 5 
1320 'Icog is the dist, from the pivot to the cog of the lower bean, poi-ti;; -
1330 IM«fiUP*LUP'^2/3+ML0*LL0''-2/12+ML0*LC0G"'2 'mass moment of i nert i a < i n-1 b-« 2 ] 
1340 DUM3=LUP*SIN(THBEND)/LSTR 
1350 THCHK=ATN<DUri3/SQR<-DUM3"2+l) > 'interior angle 
1360 THL0=PI/2-THCHK-THSTR 'angle of initial motion 
1370 THUP = PI-(THBEND-THSTR) 'angle of upper arm wrt horizontal 
1380 HTDT = LUP*SIN(THUP)+LLQ*SIN(THSTR) 'vert. dist. from base to pivot (in) 
1390 K=KTHETA/IM '«*«***«***«*»* constants 
1400 CTHETA=2*DR*SaR(k:THETA*IM) ' for 
1410 C=CTHETA/IM ' subsequent 
1420 DMEGA=SaRfK-C-^2/4) ' analysis 
1430 LBASE=SQR (LSTR-^2-^ (CTHK/SIN (THSTR) ) ^2+2*LSTR*CTHK/SIN (THSTR) #COS (THCHk ) ) 
1440 DUM4- (HTOT-CTHK)/LBASE 

1450 DUM5=LUP*SIN(THBEND)/LEASE 
1460 alpha ^ ATNiDUri5/SQR>~DUM5'2+l) ) 
14"-0 THCT = A:_PHA +THSTR-ATr4 (DUri4/SQR (-DUH4-^-2+1) ) 
1-^QO ■ thct: theta required for arm to reach chech hoiciht 
1490 DUM6=(HTOT-.1)/LEASE 
1500 THnr=--AL:^'HA+THETR-ATNCDUh6/5QR (-DUM6''^2+1) ) 
1510 ' thm;: : theta at check thickness = .1 
1520 IF (TPEFF/LBABE-+-KTHETh*THMX/LBASE) > FMAX THEN 2380 
1530 PRINT "the detector will be modeled as a rigid beam with constant velocit. 
1340 FFI!-rr "wi th spr .1 ng/darnper included to model the deformation of the 
1550 FFINT "document. The values for the spring constant and damping ratic: of 
1360 PRINT "specific documents must be determined experimentally. 
1570 KCHK=30;CCHK-.0001;GOTO 1650 
1500 FFINT: FFIN'T "Input a reasonable value for the spring constant (appro. , 3u 1 
b/in)" 

1390 INPUT KCHh 
1600 PRINT: PRINT "Input a reasonable value for the damping coeff(apprc, .0001 
1 b-sec/i n '' " 

1610 INPUT CCHk 

1620 PRINT USING"weight = ##.##### lb";BWT 
1630 PRINT USING"dist. from pivot to center of lower portion of beam 

in ";LCOG 
1640 PRINT USING"mass moment of inertia = i n-I b-sec'^2"; IM 
1650 PRINT USING "spring constant - ####.## lb/in damping coefficient = 
# Ib-sec/in";KCHK,CCHK 
1651 DIM VEL(IOOO) 
1660 ' 

1670 ' ««>««««»>««*»»«««****««****»***««*««»*«»««»»*»««*«*»*««»*««**««*«»**»*** 
16S!j ' ***** at initial impact, no motion will take place. motion ***♦**♦**-< 
1690 ' ***** will begin when the force due to the check exceeds ********** 
1700 ' ***** that of tho spring (the preload) . ********** 
1710 ' ***** look at the motion from impact to theta at check height ********** 
1720 ' ***** ********** 
1730 ' ***** step 1: document in contact, no motion ********** 
1740 ' ***** salve far the time when the document force is greater *****.****4 
1750 ' ***** than the effective preload. ********** 
1760 PRINT"step 1: document in contact, no motion " 
1770 ' 
1780 TIME=0: THETA=0: HEIGHT=^0: THDOT^O: VELOCITY^O 
1790 IP DTYN 1 THEN lElO 
1800 PRIN"^ #1 , TIME, HEIGH' 
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1810 TIM:::"(tpeff/lstr/cds(thlo~cchk*cvel)/(kchk*cve:l) 
18::o PPir^T USING'-time -for .-notion to be?gin (after impact) = ###.###### msec-iTIM 
E*3.000 

1B40 ' ***** stei;: 2; document in con-tact, not higher than check hi. *******4** 
1850 PRINT"step 2: document in contact, not higher than check ht. " 
1860' 

1870' find the relevant constants to be sent to the subroutine. 
1880 TINC-.00002 :TM--0 'time increment (sec) 

1890 THZ=0:THD:!=0 'theta and thetadot at t=0 are cere, 
1900 XBAR=LUP'^2/2*C0S(THUP-THETA)+LLD*(LUP*COS(THUP-THETA)+LL0/2*C0S(THSTR-THFTA 
))/(LUP+LLO) 

1910 YBAR=LUP-'^2/2*SIN(THUP-THETA)+LLa*(LUP#SIN(THUP-THETA)+LL0/2»SIN(THSTP-THETA 
))/CLUP+LLO) 

1^20 TWT=BWT*(XBAR"2+YBAR'^2) 5*CQS(ATM(YBAR/XBAR)) 

1930 K1«(-TWT-TPEFF+(CCHK+KCHK*TIME)*CVEL*COS(THLQ)»LSTR)/IM 'forcing function 
1940 K2=(KCHK»CVEL»C0S(THL0)*LSTR)/IM 'forcing funct1on;f(t^ 
1950 GDSUB 2610 

1960 IF THETA > THCT THEN 2020 

1980 IF DTYN <> 1 THEN 2000 

1990 PRINT #1,TIME,HEIGHT 
2000 TIME=TIME-fTINC:TM=TM+TINC 

2010 GOTO 1950 

2020' ***»******«**»«**»»**********#*****»*****«*>*****»»****#**»***#*******»* 

2030' ***** step 3; document no longer in contact. *******4-4:4 
2040 F'RINT"step 3: document no longer in contact, " 
2050' 

2060'find the relevant constants to be sent to the subroutine. 

2<:'70 TM=C) 

2080 THZ=THETA:THD2=THD0T 'theta and thetadot at t=0 are non-zero. 

2090 XBAR^tLUP'^2/2*CaS(THUP-THETA)h-LLD*(LUP*C0S(THUP-THETA)+LL0/2*C08(THSTR-THETO 

))/(LUP+LLO) 

2100 YBAR=LUP"2/2*3IN(THUP-THETA)+LLO*(LUP*SIN(THUP-THETA)+LL0/2»SIN(THSTR-THETA 

))/(LUP+LLO) 

2110 TWT^BWT*(XBAR"2+YBAR"2)".5*C0S(ATN(YBAR/XBAR)) 

2120 Kl=(-TWT-TPEFF)/IM 'farcing function 
2130 K2=0 'forcing function: f(t) 
2140 GOSUB 2610 

2150 IF THETA THCT THEN 2210 

2160 IF (VEL(III-2)#VEL(III-1) < 0) AND (HEIGHT > CTHK+.002) THEN PRINT U3INC "t 
ime - #+»#.####« msec height = ##.##### in";TIME*1000,HEIGHT 
2170 IF DTYN '> 1 THEN 2190 

2180 PRINT #I,TIME,HEIGHT 
2190 TIME=TIME+TINC:TM=TM+TINC 

2200 GOTO 2140 

2210' ***»*«*****«**«*X***«*«»*»*«»»*«*»»«**»>»«**««*«»***»»«»»««t«*****«*«*«* 

2220' ***** step 4: bouncing begins ********** 
2230 PRINT"step 4: bouncing begins " 
2240' 

2250 FOR 1=1 TO 5 'number of bounces 

2260' find the relevant constants to be sent to the subroutine. 

2270 TM=0 

2230 THZ=THETA:THDZ=-THDOT*EE 'theta and thetadot at t=0 are non-zero. 
2290 XBAR=LUP"2/2»CGS(THUP-THETA)+LLO*(LUP*COS(THUP-THETA)+LL0/2*CGS(THSTR-THETk 

))/(LUP+LLO) 

2300 YBAR=LUP'-2/2*3IN(THUP-THETA)+LLD*(LUP*SIN(THUP-THETA)+LL0/2»SIN(THSTR-THETA 

))/(LUP+LLO) 

2310 TWT=BWT*(XBAR"2+YBAR"2)' .5*CGS(ATN(YEAR/XBAR)) 

2320 Kl~<-TWT-TPEFF)/IM 'forcing function 
2330 K2=0 'forcing function: f(t) 
2340 GOSUP 2610 

2350 IF (TM > 5*TINC) AND (HEIGHT < CTHK-.000001) THEN 2410 

2360 IF (VELCIII-2)*VEL(III-1) < 0) AND (HEIGHT > CTHK+.002) THEN PRINT USING "t 
ime = ###.#«### msec height = ##.##### in TIME*1000,HEIGHT 
2370 IF DTYN <> 1 THEN 2390 

2380 PRINT #1,TIME,HEIGHT 
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2390 TIME^TIMIH+TINC:Tt1^-TM+TINC 

2400 GOTO 2340 

2410 NEXT r 

2411 PRINT USING"maximum -force = ###.###### lb allowable -force = ###.#####"; < 
TPEFF/LEASE-+-KTHETA*THNX/LBASE),PMAX 

2412 PRINT UGING"time = ###.##### msec";TIME *1000 
2420 CLOSE 1 

2470 IF DTYN <> 1 THEN END 

2480 PRINT"check your datis." 

2490 PRINT"press CR to continue" 

2500 INPUT ANY 

2510 IF DTYN=1 THEN 2530 

2520 INPUT "-from what -file do you wish the data to be 1 isted";FLNM$ 
2530 OPEN FLNMS FOR INPUT AS #1 

2540 IF EOF(l) THEN END 

2550 INPUT #l,A,B 
2560 PRINT USING" ##,### MSEC #,###### INCHES";A,E 
2570 GOTO 2540 

2580 PRINT"maximum -force .is greater than allowable -force" 
2590 PRINT USING"maximum -force = ###.##«### lb allowable -force « ###■#####"; 
<TPEFF/LBASE+KTHETA*THMX/LBASE),PMAX 
2600 GOTO 1530 
2610 ' 

2630 ' ******** the -follawing subroutine includes generalized equations ******** 
2640 ' ******** that describe the motion o-f the beam -for every time ******** 
2650 ' ******** increment involved in the dynamic response. ******** 
2660 ' ******** di-f-f. constants are sent to yield theta(t) ?< thdot(t) ******»x 
2670 * ******** relevant constants: k 1,k2,time,thz,thdz ******** 
2680 ' ******** kl: -forcing -function not a -function o-f time ******** 
2690 ' ******** l<2: -forcing -function a -function of time ******** 
2700 ' ******** time: time offset *♦»***»» 
2710 ' ******** thz: theta at time = zero ******** 
2720 ' ******** thdz: thetadot at time - zero ******** 
2730 ' 
2740 KK1=<K*K1-C*K2) /K'^2 
2750 KK2=-C/2*TM 
2760 THETA=K2/K*TM 
2770 THETA-THETA ■►KKl 
2780 THETA=THETA-KTHZ-k:k 1 ) *EXP (KK2) #COS (OMEGAtTM) 
2790 THETA^THETA-*- <THDZ+C/2*THZ-C/2*KK 1-K2/K) /□MEGA*EXP (KK2) *SIN (DMEGA*TM) 
2800 THDCT=K2/K 
2810 THDOT=THDOT- (THZ-KKl) *EXP <KK2) »OriEGA*SIN (OMEGA*TM) 
2820 THDOTssTHDDT- (THZ-KKl) *EXP (KK2) *C/2*C0S (□MEGA*TM) 
2830 THD0T=THD0T-^■<THDZ-^C/2»THZ-C/2»KK1-K2/K) /OMEGA*EXP <KK2) *OliEGA*COS (OMEGA»TM) 
2840 THDCT^THDDT- (THDZ-^-C/2*THZ-C/2*KK 1-K2/K) /□MEGA*EXP (KK2) *C/2*S IN (aMEGA*Th) 
2850 HEIGHT=HTOT-LBASE*SIN (THSTR-THETA-t-ALPHA) 
2860 IF HEIGHT -j; 0 THEN HEIGHT = O 
2870 VELOCITY=THDQT»LBASE 
2871 VEL(III)=VELDCrTY 
2872 III=III-H 
2B80 RETURN 
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