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ABSTRACT

~ This flight test investigétes the performance benefits of a recently developed vortex .

generatof, called Dimpletape®, on ‘an OH-58A+ helicopter rotor blade. This

* product employs the- acrodynamic ’éoncépts that are used to reduce the drag on a golf

ball. The manufacturer claims significant performance benefits with the product

applied to airplane . wings and propellérs;'.however,- no flight-testing has been

conducted on commercial helicopter rotor blades.

‘Four different Dimpletape® lengths where flight-tested on an OH-58A+ to.
.'deterniine‘ the optimum Dimpletape® length and cordwise placement on the-main

rotor blades for the .'gr‘eatest? performance galn The flight-testing consisted of a

quantitétive performance evaluation including hover performance (free hover
method),. level flight performance (W/o, weight over density ratio test method), and

autorotative performance flight tests.

The flight test results show that the;e is an insignificant reduction in power when

Dimpletape® is'appiied to the outboard 10% (19.5 inches) of the rotor blade at the

. maximum. camber point (optimum Dimpletape® length and position tested). In

most of the tests Dimpletape® increased the power requirements of the rotor .

system.



Within the scope of these tests the author has concluded that for the given aircraft

main rotor blade airfoil . there is no significant performance gain with the use of

"Dimpletape®.

The author makes the followihg recommeridations:
>1. Do nbt consider Dimpletape® for opefaﬁona_l use on rotary wing aircraft.

2. Do not perform any further testing of Dimpletape® on rotary wing aircraft.
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Chapter 1

INTRODUCTION . ° .

Purpose
,; The purpose of th1s thes1s is- to evaluate the perfonnance benefits of a Dnnpletape®

~ application to the main rotor blades of an OH-S 8A+ he11copter

Scope of Tests

A flight test program was executed to’ evaluate the potential performance beneﬁts of
' D1mpletape® The test program was conducted in 10.7 ﬂ1ght hours under dayl1ght v1sua1
meteorological conditions (VMC) at Tullahoma Reglonal Alrport Tullahoma, Tennessee.

The maximum altitude for level flight-testing for the test was 5,185 feet pressure altltude

with airspeed from 39 to 101 knots. . Fl1ght-testmg to determine level flight performance
~was conducted at two Thrust Coeflicient (CT) values of 0. 00291 “and 0.00351
| (corresponding referred gross weights (Wre) of 2831 Ibs and 3412 1bs). Autorotation flight-
' testing was at a CT' of 0.00351. Hover performance was tested at six Ct values 0. 0t)271

0 00288, 0. 00306 0.00327,- 0. 00347 0.00369 (Wret values 2639 lbs 2803 lbs 2983 1bs,

: 3180 lbs, 3378 lbs and 3594 Ibs respectively). The D1mp1etape® was tested m four

different tape lengths to determine the optimum Dunpletape® location on the rotor blade.

During the test handling qualities, and acoustic level changes were noted.




Method of Tests

The testing consisted of a quantitative performance evaluation including hover
perforrriance (free hover rrlethod), level flight performance, and autorotetion performance
(W/o, weight over densiry ratio method) flight test. The data were taken at a hover and at
airspeeds from 40 kriots observed airspeed (KOAS) to 100 KOAS, in lQ knot inerements.
Enéineering tests were conducted in accordance with the U.S. Naval Test Pilot Seheol
Rotary Wing Performance Flight Test Manual USNTPS FTM-106, end the test plan as
described in the Tests and Test Cond1t1ons Table (Appendix D, Table D. 1).

Background

“ Anﬂiony C. ‘Occlu'pinti .received a patent for Dirripletape® on 30 July 1996.
iDimpletape® is a pressure sensitive perforated urethane 0.015 inch tape that is plaeed
' épanwise on the maximum camber of an airplane airfoil, wings, or propellers (Figure

'_1;1.).

'.Rec,ent applications of this' airflow adherence technology have been made on two
: biplﬁnee three monoplanes and a radio controlled 50" rotor helieopter with remarkable
success. A PT-13 Stearman (N66607) a1rspeed was increased by 8 mph by the addition
of dimples to the propeller and the wing struts. A second Stearman (N813LG) w1th ‘
" dimples on its propeller only increased its a1rspeed 6 mph. A 150 hp RV-3 (N 107SS)
| a1rspeed was increased 10 mph by adding dimples to the propeller and airfoils. A second

. 180 hpRV-3 (N 894FS) a1rspeed was increased 8 mph by dimpling the propeller only.




Figure 1.1. Dimpletape®.

A 125 hp Wittman Tailwind W-8 (N314T) airspeed was increased 9 mph by adding
dimples to the propeller and airfoils. In addition, a 50" rotor radio controlled helicopter
used less throttle and angle of attack of rotor for takeoff and made softer landings during
autorotation. Each of the aircraft was noticeably quieter. The airplane's takeoff and

landing were at slower airspeed, which resulted in longer tire life. [”!

All airfoils in motion through the air experience flow separation, which results in trailing
edge wake. Dimpletape® energizes a thin layer of air on the surface, making it turbulent,
which will make the thin air layer and the laminar airflow above it adhere to the airfoil.
Dimpletape® is designed to increases aerodynamic efficiency by reducing trailing edge
wake separation.!”! A reduction in trailing edge wake separation promotes a smaller wake

drag behind the airfoil and increases efficiency.



" Chapter 2

- THEORY OF PERFORMANCE FLIGHT-TESTING

Hover Performance

The' total hover power. required for a single main rotor helicopter can be measured

directly from the engine output. The total power required is the sum of the main rotor ‘

powér (PMR); tail rotor power (P1zr), accessory péW’ér (PAc’c),j and transrﬁission gearbox
losses (Pioss). Tail rotor power is dependent on the axﬁoun‘t of 4anti-toque,’require.:d for any
given maih.fotor power requirem’er;t and willhvary' dependent Qn_..allircraft maneuvering
(left or right hoyefiﬁg turns). Tail rotor poWef 1s detérfnin:ed: ﬁsiné the't ~sarf1e‘vthe0ryl as
. main rot'o'rjpo'wer. Accessor{poner conéists of, but is not limitéd‘t;),the powér feqtiired
tgi_ 6perat¢ hsfdraulic pu;ﬁps, electrical genefators, and. air Vlcomp;ésﬂsors. A-T;ansmission

losses are dependent on rotor: speed. Typically the power requiréd for hover is divided

85% for the main rotor, and 15% miscellaneous uses. Of the 85% about 25% provides

profile powér and 60% providés ‘induqu power. The 1 5% miscellaneous power is

divided bétween power required for tﬁe tail rotor, accessories, and transmission gearbox .

losses. Only the theory for determining the main rotor power required Will be discussed.

"¢ The po{v_er required to drive the main rotor 1s the sum of the induced powér (P;) and-
A proﬁie powér (Po): Induced power is the A"poWer requiréc‘l‘ to de'v.eloj)“thrust and can be" |
estimated uéing' momentum theory. Prpﬁle powef is the powér'required to rotate the’

rotor'system against a viscous action of the air and qaﬁ be estimated using blade element

theory. il




Induced Power

One method of predicting induced power is by momentum theory. Several assumptions
are used in momentum theory and therefore the power prediction is not exact. Key
assumptions include:

1. quiscid, ﬁictiqnless fluid.

2. Rotor acts as a disk with an inﬁnite numbg:r of blades imparting a constant energy

to the fluid.

3. Flow through the disk is uniform.

4. Constant energy flow ahead of and behind the disk.
The thrust produced by the rotor is the product of tﬁe mass flow rate through the rotor
and the cﬁange in velocity of that mass. In a hover the thrqsft is equal to weight and the

power required to accelerate the air mass through the disk can be calculated by: !!!

3
R =Tyi = W
2p4,

Where:
P; - Induced power
' | - Induced velocity at a hover
T - Thrust
p - Air Density
Ap - Rotor disk area

w - Weight.




- Profile Power (Blade Element The;m')‘
‘ This analysis will ané}yze an elenllent: of the rotor blade at a radiﬁs, 1, from the center of ‘
rotation. The bladé elemeﬁt fgéuligpt alero‘dyna»mic fofce (dR) acting on the bla;de element = .
is composed of iwo, components§ ‘tlllfe blade element lift, which is ﬁormal to the local ‘
resﬁltant velocity’throu‘gh the fétor (V R);' and the blade element profile drag, which is
-parallel to thé local velocity, or: 1! -
| dR =dL + dD,
Where:
'I dR - Blade element resultant aerodynamic force -
dL - Biade element lift |
dD, - Blade clement bproﬁlc drag.

“The deer required to rotate the blade element about the shaft axis is:

dP = dF(r) Q
Where:
dP - Blade element power required
dF - Blade elemenf torqﬁe force
. r - -Radius of the’ blade element
Q - Rotor angiﬂar velocity. .

. The intégration over b blades produces: PR
£, =§O'.R(Cdo +Ca, )pAD(Q,R)_; |
Where:

Py - Power required for b blades




or - -Rotor solidity ratio -

Cu - Average blade element pfoﬁle drag ;:é)efﬁcient
Ed, oo Avergge blade elerment inciucéd dra;g qoéﬁcient
p | ;‘Air density |

,AD | - Rotor disk area

QR - Blade rotational velocity.

The Blgde element t:prcviﬁle:idrz{lé coefficient, C,, » varies little 'oy;;r‘ the normal angle of i
: atiac;k and Mach number range of tI’le"rotor, and for these conditions can..be: assumed -
constant. The blade erlement' induced cirag coefficient, Cd,’ vérie'fs' C(ﬁ)n:sidcf?bly“ with -
changes in angle of attack or lift. coefficient. The 'i’nduced power term 'is.pfe(iiéted by

momentum theory. Thus the equation for profile power now becorf;és:

P, = Ca. phy QR

Where: |
P0 . Pfoﬁle power
" OrR - ARotbr. S(;lidity ratio -
Ci - Averagevblagle eleméﬁt ﬁrqﬁle drag ‘coeAfﬁcient o
p . Air density |
- AD.. - Roto;‘ disk area - |

. QR -Blade rotatiqnai velocity..

The power required for the main rotor can be expressed as:




W‘3
2pd,,

Pgp=P+P, = +%GR—C—dopAD(QR)3

Where: .
| PMﬁ - Main rotor power
.Pi - Induced power -
Py B - Profile power
W - Weight -
orR - Rotor solidity ratio
Ca, - Average blade element profile drag éoefﬁcient
p - Air density -
Ap - Rotor disk area -

QR - Blade rotational velbcity.

Nondimensional Coefficients

Induced power is a function gross weight and density altitude, and profile power is a
- function of the blade element average profile drag coefficient and rotor speed. The
effects of these variables can be determined and expréssed as nondimensional power and

Weight coefficients.

T P

=————and C, =———
PAp (QR)2 ’ PAp (QR)3

T




Cr - Thrust _coefﬁcient b

Cp - Power Coefficient
T - Thrust-
- ' - P - Power
p - Air density |
Ap - Rotor disk area

OR - Blade rotational veloclty.

’Level Flight’Perfonnance"‘ “
The total power required for level ﬂrght consists of- the summation ot' the followlng
- power requirements: |
1. Induced power (P;): 1POWer,required to produce inducled flow and is based on
rnornentum theo_ry. .
, 2.‘ Profile power‘(Po)':' l’ower required to drag the rotor blade 'through a-viscous'
ﬂuid affects the main and ta11 rotorl and is predicted using blade element theory '
3. Parasite power (Pp): Power requlred to drag the fuselage through a viscous ﬂu1d '
affected by equ1valent flat plate area, calculated usmg aerodynamrc theory
4, M1scellaneous power (Pm) Power requrred for the tarl rotor accessory power,
| and transmrss1on losses. | C |
' The individual contributions to level ﬂight power requirements are.-discussed individually
and reﬂect changes in theory due to forward ﬂlght The basic concepts covered i in hover

|
l
|
l
ﬂlghthll notberestated [0} - . S . ,. S ‘




Typical Power vs Airspeed Chart for an OH-58A+
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Figure 2.1. Components of Power Required in Level Flight.

Induced Power

Induced power in forward flight now includes the effects of forward velocity on the mass
flow rate through the rotor disk area. The resultant mass flow rate is the vectorial sum of
the of the component velocities (induced and forward) through the rotor. ! As forward
velocity increases, induced velocity through the rotor decreases, therefore the induced
power required decreases as shown in Figure 2.1.

In deriving an equation for induced power in forward flight an assumption is made that at
high forward airspeeds the resultant velocity is equal to the forward velocity. With this

the equation for induced power becomes:
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W2

} =y, “
t . Where:
' P, - -Induced power
l W - Weiglrt’
i p - Air .density '
Ap - Rotdr disk area |

Vs . Forward flight velocity.
_ Proﬁle Power |
Profile power now 1nc1udes the effects of forward velocrty on blade drag The resultant
Ve1001ty of the blade element is a ﬁmctlon of a21muth angle (\p) The average proﬁle

‘power forb number of blades is found by 1ntergrat1ng w1th respect to rad1us (dr) and

o ' azimuth (\|1)
P, b J. J'l-'C,!p p(Qr + Vf sin l//)3 cdrdy
' 2w 992
| Where:
P, | - Profile power
b - Number of blades
Cs#  -Blade elerrlent preﬁle drag coefficient
p - Air density -
Qr - Blade element rotation velocity

Vi - Forward flight velocity

v - Blade azimuth angle




¢ - -Cord.

The equation for profile power is the sum of a torque factor, H1 (cordwise forces), and

|
\
|
I' ' . H2 (spariwise forces) on the blade element. Profile drag due to the torque required to pull
the blade element through the air is:

1 —
oTorque = _8-O-R Cd,, pAD (QR)3 (1 + ’u2 )
Profile power required to overcome H1 (cordwise) forces is:
P, =0, Ca;pp(QRY (1 +242)
oH1 _EO-R d,; PAp tiu
Profile power required to overcome H2 (spanwise) forces is:
Pan=he, Bt} 1650
v =32 Ca P (QRY (1 +1.65u
The total profile drag equation is:
P, =+, Ca, pdy (QRY 1+ 4.65%)
fe = go-R d, PAp +4.0u

Where:

P, - Profile power

OR - Rotor solidity ratio

Edu - Average blade element profile drag coefficient
b - Air density T

Ap - Rotor disk area

QR - Blade rotational velocity

n - Advance ratio, V/QR.
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Figure 2.1. above shows how profile power increase with the square of forward velocity.
Parasite Power
Parasite power is composed of two elements; slgin ﬁictidxvl‘drag (landing gear, stores, wire

strike protection equipment) and pressure drag. The fuselage components are assigned

drag coefficients and summed into a total effective drag coefficient: of equivalent flat

plate drag (f). |
P, = 2 44 f3
2
Where:
Py - Parasite power
p - Air density
f - Equivalent flat plate area

Vs - Forward flight velocity.

Figure 2.1. shows how parasite power increases with the cube of forward velocity.

Miscellaneous Power

Miscellaneous power in forward flight includes the power required for the tail rotor,
accessories, and transmission losses. The tail rotor power is composed of same two

elements as the main rotor, induced power and profile power.

T 1 = 3 ‘
P = IR +[—0' Ca, pA,(QR 1+4.65,u2}
TR [ZPADVJ]TR g r d, P D( ) ( ) m

Where:

Prr - Tail rotor power

13



Trr - Tail rotor thrust (T, = QIMR )

R
p . - Air density
Ab -I,Rotor disk area
V¢ . - Forward flight velocity
. OR - :- Rotor -solidity ratio

(4

- - Average blade element profile drag coefficient
QR _' - Blade rotational velocity

1! - Adi/ance ratio, V/QR.

" Total Power
' Total power in forward flight is the summation of induced power, profile power, parasite
power, and miscellaneous power.

P

Total misc

éR+ﬂ+&%P
Where:

P - Total power

P - Indu;:ed Power

P, - Profile Power

Pumisc - Miscellanious poWer.

. Nondimensional coefficients

The power coefficient and thrust coefficient for forward flight become:




C, = gi +[ o, Ca, (1 +4.65 )} Cp 1
| o
P4, (QR)
Where:
Cp - Power coefficient.
Ct - Thrust coefficient
1) - Advance ratio, Vg’QR
ok - Rotor solidity ratio
Ca, . Average blade element- profile drag coefficient
Cpp - Parasite drag coefficient
p - Air density
Ap - Rotor disk area

Vs - Forward flight velocity

QR - Blade rotational velocity.

Cp and Cr are multiplied by standard units to produce the following flight test referred

terms:
‘\- N .4 ! N ' 3' N
ESHP Ppssl ( 8)3 ESHPT QRS
g 550 o, \QR,
w.(Qr. Y
W, CrpqA (Q‘RS )2 = —T[—S‘]
or \ QR;
Where:
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ESHP ¢ - Referred engine shaft horsépower

ESHPt - Referred engine shaft horsepower
& Cp - Power coefficient
| ‘ Cr " - Thrust coefficient
3 ' Pssl - Air density at sea level
‘ Ap - Rotor disk area

ORg - Standérd blade rotational velocity

Ry - Test blade rotational velocity
oT - Test density ratio (L )
ssl
p - Test air density: . -

Level Flight Performance Test Technth?e

Level flight performance was tested By maintaining a constant value of Cr using the W/c
test technique. This constant value of Cr was maintained during the flight by increasing
altitude (reducing density ratio, o, while QR was maintained at 100%) as aircraft weight
(W) was reduced due to fuel consumption. The test altitude was computed based on

aircraft referred weight, aircraft fuel empty weight, fuel remaining, rotor speed, and air

temperature at the test altitude.




Autbrotative Descent

During power off descent aerodynamic forCes\Qn the blade drive the rotor system and
rpm can be self-sustaining (autorotation). The local angle of attack changes across the
blade due because of variations in Qr, tesulting in the sections of the blade near the hub

producing “driving” forces in the plane of rotation (windmilling) and sections near the tip

- have “dragging” forces in the plane of rotation (absorbing the power made available by
| ‘the inboard se‘ctions).‘ -

‘During autorotation any change in the tip path plane (cyclic input).or blade pitch

(collective input) cause bfthe pilot will change the angle of attack of each rotor blade.

- This change will create a new equilibrium spéedforthe rotor system. As an example, an

increase in éollectiye will increase the blade angle of attack. This will shift the resultant -

aerodynamic forces aft of the original position, increase the dragging forces, and reduce

* the driving forces on the blade. As a result the autorotative rpm of the rotor system will

decrease.
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Chapter 3

AIRCRAFT DESCRIPTION

History of the OH-58A+

The govemment contract for a light observatron hehcopter was awarded to Bell Helrcopter'

on 8 March 1968 A total order of 2,200 arrcraft was plarmed for the new" U. S Army |

hehcopter designated the OH-58 Kiowa. The Kiowa soon saw action with the first aircraft

‘dehvered to the U. S Army in May of 1969 and deployment to Vletnam in the autumn of .

that year. In 1976 an upgraded model was desrgned and tested the OH-58C. This a1rcraﬁ

. upgrade included an unproved power plant flat plate glass canopy, and an IR reduction

'package The addrtronal power s1gmﬁcantly nnproved hrgh altrtude hot weather

‘ performance o]

Description of the OH-58A+

vThe OH-58A+ he11copter (N 88UT) is a smgle—englne srngle mam rotor, observatron-type
hehcopter with the capablhty to carry four people wrth a maxnnum gross welght of 3200

pounds The hellcopter is des1gned for landlng and takeoﬂ' from prepared and unprepared:
surfaces The fuselage consrsts of a forward sectlon mtermedlate or transrtlon sect10n and

" the aft or ta11boom section. The forward sectlon provrdes the cabin and fuel cell enclosure




as well as pylon support. Entrance is gained through four doors, two on each side of the

“aircraft. The intermediate section supports the engine and includes equipment and

-electronic compartment. The tailboom supports the horizontal stabilizer, vertical stabilizer,

and tail rotor.

Engine

The aircraft is equipped with an Allison T63-A-720 gas turbine engine rated‘at 420 shaft -

horsepower (uninstalled sea level, standard day conditions). The engine is instailé_d aft of

the mast and above the passenger compartment. A centrifugal type air particle separator is

installed on the frdnt of the engine to remove dirt and debris. Air is spun in the air particle
' 'sc;,parator swirl tu‘besvrer'novirig the dirt from thé air and ejecting it overboard via an eductor
system.” The engine fuel control governor system controls engine power output by »
monitoring power turbine speed and controlling gas producer speed. The i)ilot selects the"

power turbine load speed and the fuel governor automatically maintains the powef required -

to maintain this speed. The fuel govemdr has a RPM control switch mounted on the pilots
collective that can be used to increase or‘dgcreasé power turbine Vspéed while in flight.

Cockpit engine instrumentation includes: a direct reading engine oil pressure driven

torquemeter gauge (%Q), a sélf-generating electrically-driven Turbine Outlet Temperature

'(TOT) gauge (°C), a gas prdducer_ (N;) tachometer (%RPM), and an engine (N>) and rotor

(NR) dual-tachometer gauge (% RPM).
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: Transmissionv'

The main transmission ie mou;lted forward on Athe engine and is ratea at 317 shaﬁ
horsepower Im'aximun.l. The transr;ﬁseion‘is a single stage planetary gearbox. The main
uansnﬁssion tArans‘fers‘ power to the main;etor and tail rotor assemblies. A freewheeling

aSsemny is mounted in the accessory gearbox to transmit power from the engine to the

transmission. During autorotation the freewheeling unit disengages the transmission from .

 the engine and allows the:rotor system to drive the tail rotor through the transmission. A

single-stage bevel gearbox drives the tail rotor. ‘

Rotor System
*+ The main rotor assembly is a two-bladed, semi-rigid Totor, 'pre—coned, and mounted on an

| under-slung feathering axis hub. Itis 35 feet, 4 inches in diameter and rotates at 354 RPM

(100%). The two rotor blades are all metal, consisting of an extruded D-shaﬁed aluminum

alloy nose block, extruded aluminum alloy trailing edge, and aluminum honeycomb filler.

Each blade is connected'to the hub bY means of a grip, pitch-change bearing, and tension- -
torsion strap assembly. The main rotor airfoil section is an 11.3% modified "droop, sneot" '

with an average drag coefficient (Cq,) of 0.00123, an average chord (c) of 13.0 inches, and a .

twist of ~11.1 degrees.

' ;

: Droop Snoot, forward edge camber isa method used on the OH-58A/C for increasing: the

maximum llft coefficient of the rotor blade ThlS nnprovement comes from modlfymg the ‘ -

path from the stagnation point to the upper surface. Because of the less violent changes in

curvature and direction experienced as the molecﬁles travel over the nose, the local
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velocities are reduced. This decreéses ‘the éentrifugal force on the air, delaying the

formation of the laminar separation bubble and also decreasing the magnitude of the

deceleration required as the air goes toward the trailing edge, thus decreasing the

. unfavorable préssure gradient, ™

The two tail rotor blades have bolrvlded‘ aluminum skin but no honeycomb. The ta11 rotor

airfoil section is a NACA 0012.5 with zero degrees of twist.

Flight Controls

The ﬂight cpntrol s‘yhstemﬂ is a positiye mechanical type with hydraulic éssisi:anée t’hat
reduces force gradients to near zero conditions. Flight controls include the cyclic control
stick for longitudinal. and lateral contrél; collective pitch lever to control blade pitch, and
pedals to control heading ﬂlrough'_'ﬂl@;-tail 'I'Ot(;):lj aﬁti—térélie. The cychc stick controis fhe
rotor tip path plane and the colle.'cﬁvé 'l.coﬁtrl)lsd réfb“r pltch m‘A“horizontal stabilize.i' of

aluminum monocoque construction, with an inverted airfoil section, is mounted on the tail

boom in a fixed pitch condition and aidé mtnmmmg the aircraft in level flight and iricreases -

usable C.G. range.' A fixed vertical fin ini swéptbaék uppér and ventral sections is-

constructed of aluminum honeycoinb With'a light alloy skin.

Flig‘ ht Instruments
- The aircraft flight instrumentation consists of a pneumatic altimeter, airspeed indicator,

attitude indicator,‘vertipal speed indicator, turn and slip indicator, and free air temperature

indicator. The AAU-32/A altitude encoder/pressure altimeter displays altitude on a 10,000




foot counter, 1,000 foot counter, and a 100 foot drum. A single pointer indicates hundreds
of feet on a circular scale, with 50 foot center markings. At ambient pressures the altimeter
should agree with field elevation + 70 feet. The airspeed indicator has a display range of 0
to 140 knots with 10 knot center marks.”! The airspeed is measured by sensing the -
difference between impact pressure from the pitot tube and static pressure. The static port
and pitot tube used for recording test data are located on a test boom located on the nose of
the aircraft. Locating the static and dynamic pressure source on the test bobm helps

minimize the effect of the pressure field created by the rotor system.

Miscellaneous

The equivalent flat plate area of the aircraft in the test configuration is-12.0 square feet. The
test aircraft is equipped with high skid landing gear, which provide an additional 14 inches
of ground clearance over the standard height fixed-skid landing gear. The test aircraft in
Figure 3.1. is representative of production aircraft for the purpose of this test. A more

complete description of the aircraft can be found in the OH-58A/C Operator's Manual. ©!
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Figure 3.1. OH-58A+ (Test Aircraft - N8SUT)




Chapter 4

DATA REDUCTION

Data Reduction

Data from each flight test was recorded manually on spreadsheets and with a tape recorder
using cockpit instrumentation. Data was then reduced manually in accordance with the
USNTPS FTM 106 and with fhe automatéd helicopter performance data reduction program
developed by Mr. J. J. McCue of the U.S. Naval Experimental Test Pilot School. ~ The

following equations were used in the manual dsta reduction:

Ve=Vo+ AVie + AVpos

Where:
\'A Co- Calibrated airspeed
Vo . - - "Observed airspeed o
AVic . - Airspeed instrument correction
AV 05 -~ : Airspeed position error.
Hl,c =Hpo +AHp,: +AHPOS
Where:-
3 - Calibrated pressure altitide
Hpo - Observed pressure altitude
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AHjic - Altimeter instrument correction

A5 - Altimeter position error.
T,=T,+AT,
Where:
Ta - Ambient temperature -
To - ‘ ‘Observed temperature
AT - Temperature instrument correction.
T,(*K)=T,("C)+273.15
Where: -
Ta (°K) - Ambient temperature, °K
Ta (°C) - Ambient temperature, °C.
6= L,
Tssl
Where:
0 - Temberature ratio
Ta (°K) - Ambient temperature, °K
Tes1 (°K) - Standard sea level temperature, 288.15 °K.
P, X | ~—t 255863 -
§=——2 = [1-(6:875585x10"* x H,, ||
2116.217 B o

- Pressure ratio
Ambient pressure
Calibrated pressure altitude.
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Where:

Where:

Where:

y‘ﬂo_T'

Pa
Pssl

ESHPy

Ngrt

’ ESHPT

oT
Ngs

ESHP, =

S _ Pa
0 pssl -

Test density ratio

Pressure ratio -

Temperature ratio

. Ambient air density -

Standard sea level air density.
KQ (Q) (NRT )

Test engine shaft horsepower
Engine torque constant
Engine torque

Test main rotor speed.

Referred engine shaft horsepower
Test engine shaft horseiooWer |
Test density ratio

Standard main rotor speed
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Ngrr - " Test main rotor speed.

W, = ESGW - FU

Where:
‘ Wr ‘ ' - Test weight h
ESGW - ' Engine start gross weight
FU - L Fuel used.
. e
W — VVT NRs
7 o\ N,
T Ry
- Where:
Wies - ' Referred weight
Wt b - Test weight
or - Test density ratio
Ngs , - ‘ Standard main rotor speed
Nrr - ‘Test main rotor speed.
27
QR={N, | — iR
o, (22w
Where:
QR - ~Rotational velocity
NrT B Test main rotor speed

R - Rotor radius.
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Where:

Pa

QR

Where:

Cr

- Ap

QR

Where:

Vr

oT

Power coefficient

Power

Ambient air density

" Rotor disk area

Rotational velocity.

* Thrust coefficient .

Thrust
Ambient air density
Rotor disk area -

Rotational velocity.

True airspéed :
Calibrated airspeed

Test density ratio.
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Where:
Vrer - E Referred true airspeed -
Vr - .~ True airspeed.
Nrs* - ~ Standard main rotor speed
Nrt ‘ - ' Test main rotor spéed.
v\
=1.69| —L-
Where:
1 , - Advance ratio
V1 . - .- .+~ True airspeed
QR - - . Blade rotational velocity. -
a=38.9678,T \"K
Where:
a - ‘ Speed of sound
Ta < - .. Ambient temperature.
R .
Vi, =| —= |+V,
w (1.69J g
Where:
Vﬁ;, - Blade tip velocity
QR - Blade rotational velocity
Vr - - _ True airspeed.
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M=
Where:
Miip - .. Blade tip Mach number
Viip - Blade tip velocity
a - Speed of sound.
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lChAap ter "5,

FLIGHT TEST AND DATA ANALYSIS

: 'Pur”po‘sef
The purpose of this prOJect ‘was to evaluate the performance beneﬁts of & Dlmpletape®

. ‘ appllcatlon to the main rotor blades of an OH-5 8A+ hellcopter

,'G_ene‘rai
" The evaluation consisted of a quantitative peﬁoMance evaluation Yvinclud'ilng ‘hover
. performance (free hover method),' level ﬂight 'performance (W/o, weight over. denslty ratio |

method), and autorotatlon ﬂlght performance The data were collected at a hover and at

“ . ;.alrspeeds from 40 knots observed alrspeed (KOAS) to 100 KOAS in 10 knot mcrements o

ThlS range of level ﬂlght a1rspeeds were selected to maxnmze observmg the beneﬁt of‘ h
Dlrnpletape® for reductlon n proﬁle drag Below 40 knots mduced power is the major‘

contnbutor to the total power requlrement and above 90 knots parasne power is the maJor o

contnbutor (F 1gure 5 1.)-

) Performance data of a blade with no Dirnpletape®- was compa‘re‘d to data from alblade W1th »
. Dunpletape® The Dnnpletape® was - mstalled in four dlfferent Dnnpletape lengths and '

* four different cordw1se locatlons The test detemnned D1mpletape® performance gains. and aEh

‘_;the optimal Dimpletape® placement to maximize performance on an OH-5_8A'-lj hehc‘opter. . S
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Typical Power vs Airspeed Chart for an OH-58A+
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Figure 5.1. Components of Power Required in Level Flight.
An investigation was conducted to determine rotor system acoustic levels. Changes in
handling qualities were also evaluated. Engineering tests were conducted per the U.S.
Naval Test Pilot School Rotary Wing Performance Flight Test Manual (USNTPS FTM-
106), U.S. Naval Test Pilot School Rotary Wing Stability and Control Flight Test Manual

(USNTPS FTM-107), the test plan (Appendix D), and as described in the Tests and Test

Conditions Table (Appendix D, Table D.1).

Dimpletape® Installation

The Dimpletape® was installed using the manufacturers recommended process.

Installation procedures included: washing the main rotor blade surface area with soap and
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water to remove dirt and debris, and using a surface cleaner (solvent) just prior to applying |
the Dimpletape®. Each Dimpletape® placement was measured from the inboard side of 1
the main rotor blade tip cap screws (approximately one inch inboard of the tip cap) and
applied in six-inch lengths spanwise along the main rotor blade (Figure 5.2). The
Dimpletape® was cut in six-inch lengths for safety considerations. Small sections of
Dimpletape® minimize the hazards of flight control and drive system entanglement if a

piece of tape debonded from the rotor blade during flight.

Figure 5.2. Six Inch Length of Dimpletape®.
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A ‘modified ruler (caxpenters'sq}lare with igvel attached) was usgd'to mark a liﬂe aiong the
blade span The line %nsmed conéis_té_ncy in Dimﬁletape@ positi&ﬂing across the maximum
camber (initial Dimpletape® positioning) of the blz;de.. The Dimpletape@ backing was
removed and the tape placed on ﬂle blade. The backing material wa:s place& on top of the *
Dimpieiape@ and pressure applfed’ toithg: tape fo comblete the a.dh'esi<')n process. Table 5.1 ‘ .

and Figufe 5.3 show the dirnenéidns.énd layout of each Dhﬁpletépeé) installation. The area

iﬁb';é.;d of jthe751% wasnot 1nsta11edw1th Dimpletape® dué to the geometry of the main
| rotor bi;dg doublers iritéfru}‘)tirig‘ alrﬂow téver this area (Appendilx- E, Figure E.1).

biﬁ?]etapt%@ Adhesiqn

Only orbléqd.ebbondin'g occur;éd lir; Dimplem§e® adhesion tq th% main rotor blade during
the 10.7 flight hours ;)f teSting. A Dinipleteixpe@ debond o-c;,cﬁrfgd in the ou’éboard 10% of
the x.rla;in.rotor blade at the 3.1 ﬂight hO‘ill‘ ;nark. The debond was approximately % inch |

long a_nd about four inches from the inboard side of the tip cap along the leading edge of

the Dimpletape@.
| ‘T‘able"5.41. |
‘Dimpl_etap‘e‘® Lengths Installed
 Rotor Blade Length. | Length of Dimpletape®

. - Percentage (inches)
10% 195
25% ‘ 48.6
0% T3
5% | 1459
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Blade Dimensions -

- 2017

\q 195" 486" 973" ' 1459” .¥1
I (73 R

4” ’ ZSA . 50% -

| LT5%

. “ 19457 -

‘Figure 5.3. OH-58A+ Main Rotor Blade Dimensions for each Dimpletape® Length.

Th1s sectlon of D1mp1etape® was 1nsta11ed at temperatures above the manufacturers

requlred 60 degrees Fahrenhert The debond was repalred usmg the manufacturers

' mstructlons by applying super glue under and along the leading edge of the debonded tape ‘

,and applying pressure to the area. The D1mp1etape® repalr remained attached dunng the o

remamder of the ﬂlght-testmg (Flgure 5.4.and Appendlx E, Figure E.2.)

Acoustic Level Testu_lg
" The rotor system was’ evaluated to determine if Dimpletape® would reduce the acoustic

level of the rotor system. An attémpt was made to determine the baseline acoustic level
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Figure 5.4. Dimpletape® Debond Position and Length.

at a distance of approximately five to ten feet outside of the rotor disk (Figure 5.5 and
Appendix E, Figure E.4). The MSA Noise Dosimeter (Model 80) microphone was
directed at the rotor blade tip path plane as shown in Appendix E, Figure E.3 and a
measurement was attempted at various distances from the rotor system. The noise
dosimeter used for the testing has a range of 80 to 130 decibels. The rotor system

produced a noise level that exceeded this range and therefore the test could not be

completed.
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Figure 5.5. Microphone Stand Setup in Front of Aircraft.

Instrumentation and Data Acquisition

Standard cockpit instrumentation was used to acquire pertinent engine and fuel data. The
aircraft test boom (Appendix E, Figure E.5.) was used to acquire altitude and airspeed data.
A Hover Height Measuring Device (HHMD) was developed, fabricated, and installed on
the test boom (Appendix E, Figure E.6.) during hover testing to accurately maintain hover
altitude. The HHMD has a 12 inch black and white triangle pattern used to assist the pilot
in maintaining altitude accurately. (Figures 5.6. and Appendix E, F igure E.4.) The HHMD
black and white triangular scale is held stationary by a five-pound weight attached with a
string to the position indicator. Hovering the aircraft moves the tube surrounding the scale

up and down with aircraft changes in altitude.
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Figure 5.6. Hover Height Measuring Device (HHMD).

A spring in the bottom of the HHMD ensures consistency in scale positioning during small
changes in hover altitude. Hover height for all hover flight-testing was maintained at two
feet skid height. Additional equipment used consisted of a programmable calculator,

stopwatch, tape recorder, and noise dosimeter.

Flight Tests and Analysis

All hover and level flight-testing was competed per U.S. Naval Test Pilot School Rotary
Wing Performance Flight Test Manual, USNTPS FTM-106. Hover flight-testing was
completed with winds less than three knots and was completed with predominately no wind
conditions. Winds were monitored on the airfield Area Terminal Information System

(ATIS) and with an anemometer in the vicinity if the test area. Temperatures varied from 1
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.to 26 degrees Celsms for hover testmg and 14 to 24 degrees Ce1s1us for level ﬂlght-testmg
All ﬂ1ght-test1ng of Dlmpletape was completed in dry condrtlons Table 5.2 describes the ,
 tests and test cond1t1ons. L | ‘
‘Pitot Static System Calibration

: 'T.;he ship and boom' pitot statlc system were hench‘ :teste'd using a_vvater manometer and
\ mercury barometer‘ with a vacuum pump. The test method used l‘or the calibration of the' -
. pitot statlc ‘syste‘ms were the Measured Course method outlined in'F’l"M 106‘ and the Global ;
Positioning'S)istem (GPS) meth‘odvoutlined in lectllre note,s hy Dr Ralph Klmberlm 1l
Data Analysi | - :
Data for the pitot system cal1brat1on are presented in Appendlx A The Boom Alrspeed N
Ind1cator Calibration, Boom Altlmeter Ca11brat10n Pos1t10n _Error, and Instrument
Corrected vs. Calrbrated Alrspeed charts are deplcted in Appendlx A, Flgures A 1. through )
A, [6] ' ' '

Hover Baseline (Event 1) :

y L

-General ~'
 Free flight hover performance was, evaluated by the use‘ of a Hover Helght Measurmg ,
' Devrce (HHMD) A1rcraft welght and NR were adJusted to establ1sh six W,ef values. The

free ﬂlght hover test was evaluated durmg two ﬂlghts totalmg 1.0 hour The test was .

conducted na stablhzed two foot IGE hover
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Table 5.2.

Test and Test Conditions
Event Description Crew Weight Pressure C.G Airspeed Hours
# Referred Altitude (ft) (KOAS) Flown
W/c
1 Hover Baseline | 1 pilot, 1 |2639,2803, 820 109.6- 0 1.0
Testing FTE, |2983,3180, 109.9
observer | 3378,3594
2 Level flight i pilot, 1 | 2831, 3412 1130-3110 109.5- 39t0 100 1.6
Baseline testing FTE, 109.8
- observer .
3 Hover 1pilot, 1 | 2639,2803, 895 109.6- 0 -0.5
Dimpletape® FTE, 2983,3180, 110.2
Outboard % observer | 3378,3594
4 Hover 1pilot, 1 | 2639,2803, 855 109.0- 0 0.5
Dimpletape® FTE, 2983,3180, 110.0
Qutboard Y2 observer | 3378,3594
5 Hover . | 1pilot,1 | 2639,2803, 840 109.0- 0 05,
Dimpletape® FTE, 2983,3180, 109.6
Outboard 4 observer | 3378,3594
6 Hover 1 pilot, 1 | 2639,2803, 850 109.3- 0 05
Dimpletape® FTE, 2983,3180, 109.9
Outboard 1/10 | observer | 3378,3594
7 Dimpletape® 1pilot, 1 | 2639,2803, 850 108.2- 0 1.1
Adjusted FTE, 2983,3180, 108.9
cordwise for observer | 3378,3594
max reduction
in profile drag
8 Level flight 1pilot,1 | 2831,3412 | 2380-4075 109.8- 4010 101 1.1
Dimpletape® FTE, 110.5 :
Outboard 1/10 | observer
9 Level flight 1pilot, 1 | 2831, 3412 2525-4705 109.6- 40 to 100 1.2
Dimpletape® FTE, . ‘ 1104
Outboard V4 observer
10 Level flight 1pilot, 1 | 2831, 3412 2080-5185 108.9- 40 to 100 1.0
Dimpletape® FTE, : 109.8
Outboard %2 observer
11 Level flight 1pilot, 1 | 2831, 3412 940-3640 109.7- 3910101 1.7
Dimpletape® FTE, - . . 110.0 -

Outboard % observer
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'At (theco‘rnpletion‘of ‘the -hoverﬂ:testa'.sound ,signature reading was attempted “ Due to

} ’l1m1tatlons of the MSA N01se Dosmeter a read1ng ‘was Dot obta1ned and the test

terrmnated for the remamder of ﬂlght-testlng Hehcopter loadmg consisted of a smgle‘
. ‘pllot at the p1lot statlon one FTE at the co-pllot statlon and observer or ballast m the |
| - passenger eompartment as requlred The take-off gross welght (GW) was 12683 lbs andr .
:3101 lbs CG ranged from 109. 7 to 109 9 mches respectlvely .
| "Data Analys1 o o .

Basehne data are plotted in Appendlx B along w1th Dnnpletape® data. )

lLevel Flight Baseline‘ (Even't"Z) . REREE

R General

- 'Level ﬂlght performance was evaluated at two CT values usmg the- welght over dens1ty ratlo

- method (W/o) The level ﬂ1ght test (baselme) was evaluated durmg two ﬂlghts totallng 1 6.

hours The pressure altltude was’ vaned as. necessary to. mamtaln the desned W,ef.
( Hellcopter loadmg was smgle pllot at the pllot statlon, one F TE at the co-pllot statlon, and
' (observers or ballast in the passenger compartment as requlred The take-oﬁ gross welght"
, (GW) was 2649 lbs and 3065 lbs CG was. 109 6 and 109 8 1nches respecttvely
Data Analym o R |

‘Baselme data are presented in Append1x B along w1th Dlmpletape® data
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' Hover, Dimpletape® ‘7_5%;'5'\0."/%.,‘2“5‘%‘,"and' IAO%TL'e‘ngths (Events 3-6) . ‘
General -
Free ﬂlght hover perforrnance was evaluated by the use. of a Hover Herght Measuring

| ,JDevrce (HHMD) A1rcraft werght and NR were ad_]usted to estabhsh six ‘Cr values per

D1mpletape® length The free ﬂlght hover test of each Dlrnpletape® length was evaluated :

. dunng four ﬂ1ghts of approxrmately 0 5 hour each The testmg ‘was conducted at a

stabllrzed two foot IGE hover Hehcopter loadlng consrsted of a smgle pllot at the pllot‘ |
: stat1on one FTE at the co-prlot statlon and observer or ballast in ‘the passenger :
compartment as requlred The take—oﬂ‘ gross werght (GW) averaged 2612 lbs for the hght

W,ef to 3013 lbs for the heavy W,ef CG averaged 109, 9 and 109 3 1nches respectlvely
Data /aly‘ sis - ¢ r'
4 Hover data are presented in Appendrx B, Flgure B 1 The' ﬂight test results showed that

there was a reductron in total power requlred (approx1mately one. percent) when

v Drmpletape® was apphed to the outboard 10% (19 5 mches) of the rotor blade at the o

- maximum camber pomt (Frgure 5 7..and Appendlx E Frgures E.7, E 8. ) Power reductlon; “

| at a hover in the 10% length ranged 'fro‘m 1.7 horsepower ata referred werght of 2400 Ibs. o
. 40 horsepower ‘at a referred‘weight of 3'600> lb(s The average estirnated error for ‘the‘ hover

: ddata analysis 1s approxrmately 3.8 horsepower Data‘ analysrs results for the 10% '

| ‘Dlmpletape® length fall wrthm the accuracy of the. tests and therefore mdlcate no

ﬁ drscernable performance gam

- E U R
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Figure 5.7. Dimpletape® at the Maximum Camber, 10% Length.

Table 5.3. indicates the change in power required to hover at two different referred weights
(one light, one heavy) when compared to the baseline rotor blade with no Dimpletape®
applied.

Hover, Optimum Dimpletape® Length (Event 7)

General

Free flight hover performance was evaluated by the use of a Hover Height Measuring
Device (HHMD). Aircraft weight and Nx were adjusted to establish six Cr values per
Dimpletape® cordwise placement. The free flight hover test was evaluated during two

flights totaling 1.1 hour. The test was conducted at a stabilized two foot IGE hover.
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Table 5.3.

Hover Power Performance

Dimpletape® A Horsepower @ | A Horsepower @ | Estimated Data

Length Wier= 2400 Weer= 3600 Analysis Error
Baseline (no 0 ] 0 . " 455

Dimpletape®) )

10% -1.7 . -40 3.48
25% +22 +8.2 447
50% 53 64 288
5% +8.2 4117 3.48

Helicopter loading consisted of a single pilot at the pilot station, one FTE at the co-pilot
station, and observer or ballast in the passenger corhpartment as required. The take-off gross

weight (GW) averaged 2841 Ibs and 3160 Ibs. CG averaged 108.8 inches at 2841 Ibs and

108.4 inches at 3160 1bs.

Data Analysis '

Hover data, optimum 1engjﬂ1, are presented in Appendix B, Figures B.2. and B.3. The 10%
Dimpletape® length was chosen as the opti‘mu‘m length éince this indicated the greatest
potentifcﬂ for performance gain. Tﬁe 10% Dimpletape® length was moved forwérd and aft
' élong the rotor blade co;d line in ope—inch increments to determine changes in total power
required to hover (Figure 5.8. and Appendix E, Figures E.9. — E.13). Moving the
Dimplet;dpe® forward increased drag and total i)ower required to hover by approximétely

two percént.
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Figure 5.8. Dimpletape® Moved Forward Cordwise Two Inches from Maximum

Camber Point.
Moving the Dimpletape® aft had the same effect as removing the tape from the main rotor
blade and had similar power requirements as the baseline. Power reduction at a hover in the
optimum length ranged from 1.7 horsepower at a referred weight of 2400 Ibs. to 4.0
horsepower at a referred weight of 3600 lbs (Appendix B, Figures B.2. and B.3). The
estimated error for the hover data analysis is approximately 3.48 horsepower. Data analysis
results for the Optimum Dimpletape® length fall within the accuracy of the tests and

therefore indicate no discernable performance gain. Table 5.4. indicates the change in
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TableS54. ,
Hover Power Performance (Optimum Dimpletape® Length)

Cordwise A Horsepower @ | A Horsepower @ Estimated Data
Position w et = 2400 ' Wier= 3600 ‘Analysis E.rror
opimamy |7
R I TR
17 Aft of Original 104 - 0.1 Sl 44

Position

power required to hover at two different referred weights when bompared to the baseline
rotor blade with no Dimpletape® applied. . .

Level Flight, Dimpletape® 75%, 50%, 25%, 10% Length (Events 8-11)

General | |

Leyel flight performanqe was evaluated_‘ at two Cr values using the weight over density ratio
method (W/c). The Level Flight Test of Dimpletape® was evaluated during eight ﬂights of
approximately 0.6 hour each (two flights per Dimpletape® length). The pressure altitude
was varied as necessary to maintain the desired W/c. Helicoﬁter loading' consisted of a
single pilot at the pilot station, one FTE at the co-pilot station, and observer or ballast in the _
passenger compartment as requireci.'The take-off gross weight (GW) averaged ’2615 lbé vand'

2939 lbs. CG évéraged 110.1 inches and 109.7 inches respectively.
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Data Analysis. ’

1.

Level Flight Perforrnan_ce (CT = 0_.‘0029‘1) ~ Level Flight data for a referred

-, aircraft weightof 2831 kpounds are presented in ‘Appendix B, Figures B.4.-

and B.S. At a referred gross welght of 2831 pounds the best level flight

perfonnance was obtamed from the 10% D1mpletape® length (outboard ,

19.5” of the main rotor blade). The 10% length power requlrement was

greater than the. baseline. The estimated error in' the baseline data is 3.0

horsepower and for the 10% Dimpletape® length ‘data is 22 horsepower.

- The results of the data, anaiysis indicate no discernable performance gain.

‘ Level thht Performance (CT 0 00351) Level thht data fora referred

) a1rcraﬂ weight of 3412 pounds are presented in Appendix B, Figures B.6.

and _B.7. At a,referred . gross werght of 3412 pounds.the best level flight

performance. gain was obtained from ,t'he‘ 10% Dimpletape® length

(outboard 19.5” of the inain rotor blade). The reduction in power occurred -

at'airspeeds’ less than ;480 Knots True Airspeed .C(TAS). Ianable 5.5. the

change in horsepower requlred for level ﬂlght as a result of applying the

10% Dimpletape® length is compared agamst the baselme ‘The estimated
error (data scatter) in the baselme data is 4.2 horsepower and for the 10%
Dimpletape® lengﬂl data is 3.5 h‘orsepower. The_results of the data analysis
fall within ‘the accuracy of th‘et,t'ests and therefore indicate no sigr_ljﬁcant,

performance gain.

- 47




. ~ Tables. 5. .
Level Fllght Performance (Cr=0. 00351)

. 3 |
} I e :
i'. | ‘ . R 0 56
} 50 T 45
60 . 32
| 70 16 - ‘
0 04
- 90 +2.5'
"0 | w7

|
l
l
» 3 Autorotatlon, Dlmpletape® 75%, 50%, 25%, 10% Length 0411 Level Flzght Tests)

General

autorotatlon was completed to deterrmne any unprovement in the rotor systems abrlrty for °

- An autorotat1on wasV completed at the end of each level ﬂrght performance test The
increased acceleratlon‘ due to any reduction in ‘proﬁle drag coefﬁcient‘(‘C d, ) Autorotation

' rotor speed recovery rate perfonrianCe was evaluated atone Cr usmg the W}c method. Main‘ s
rotor speed was reduced to 95% and stablhzed 400 feet pnor to reaching the test altltude '
} ' . Nr speed recovery rate was tlmed from 95% to 100% These t1mes where compared tok
determine 1f any of D1mpletape® length reduced the time requlred for the main rotor speed

to recover to 100% At least two autorotatlons where performed for each D1mpletape® L

length: to. ensure repeatabrllty of test results Autorotatlons where performed at the
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Tevel. - A

~ conclusion of the level ﬂight perfonnance test for each Dimpletape® length at a referred

gross weight of 3412 lbs' (CT = 0..00'351). ‘The pressure altitude was varied as necessary to

1 maintain the des1red W,-ef Hellcopter loadmg was single pilot at the pllot statlon one FTE

at the co-pllot station, and observer or ballast m the passenger compartment as requlred

Data'Analysis '

All tes"t‘results for each Dimpletape® layout were w1th1n 0.3 seconds of each other Test

B data var1ed from 3.2 seconds to 4, 5 seconds w1th no clear trend The results fall w1thm the

accuracy of the test in that autorotatlonal rotor acceleratlon speeds are dependent on pllot
techmque and the accuracy of readmg rotor speed at 95% and 100% from standard aircraft .
1nstrumentat10n Due to these Jimitations this is not a valrd techmque for measurmg h
autorotational rotor acceleratlon and therefore make this test inconclusive. Test data results

are l1sted n Table 5.6.-

) Sound Level Testing (4] Hover Flight Tests)

Due to limitations in the MSA 80 Noise Dosimeter ‘monitoring range changes in.the sound’ |

level where not recorded with the ‘meter. Several distances. and 'angles where triéd in an

o ) attempt to measure rotor system acoustlc levels Dumng each attempt the acoustlc level

exceeded the | meter capablhty The ﬂ1ght crew observed 1o noticeable change in acoustic.
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Table S.6.
Autorotatlonal Speed Recovery Rate:

) Dunpletape® Length Average Elapsed Recovery Time
. (seconds) .
“Baselime 435
."10% ‘ - 4.05.
2% T - 430
0% . 430
T 15% . 325 -

Handling Quéliﬁes Z Flight Tests)

_Handlmg qual1t1es d1d not vary from baseline condltlons with D1mpletape® mstalled in any_
of the configurations. '

Operational Cohsiderationis

The application of Dimplétape@ is _relat"iv‘el)\}fslimplistic when following the manufactures

instructions. The following are several issues and observations. concerning the use of

.. Dimpletape®.

1. Dimpletape® comes from the mahufacturer in boxed rolls of tape and would be
" easy to store until needed for installation or ‘reﬁairing a debonded section of tape.
2. During testing a ruler - level combination was used to ensure unifoﬁn posiﬁoning of

' the Dnnpletape® from the rotor blade leadmg edge Fleet w1de mstallatlon of the L

D1mpletape® would requ1re the fabncatxon of a jig to establish uniform posmonmg v
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of the Dir‘npletape®: from the ‘,leading edge of the ‘blade at th’e;maximu”m camber -

point. .

"3, Prior to testing" a safety reqmrement was establlshed to ‘cut and install the |
]')i:\r‘npletape@v in o-lnch (sectionsi "Thjs‘ requirement minimi‘Zedvt_he potential hazard.”
'of, tall rotor assembly entanglement‘bv the l)irnpletape® if it were to debond from‘
the‘main rotor blade Cuttmg the tape to length and mstallmg the small pleces
lsubstantlally added to the 1nstallat1on t1me (approx1mately 0.5 to 1. 5 man hour per " ;

‘ blade dependmg on the mstallanon length)

; The manufacturer states that Dnnpletape® should be applled at temperatures above :
‘ 60 degrees Fahrenhelt However durmg a cold weather apphcatlon (seven degrees
4Ce151us) the rotor blades had to. be preheated w1th a hot air gun pnor to the ‘.

‘D1mpletape® apphcatlon Append1x E Flgure E 15 The tape had dlfﬁculty ;
o | st1ck1ng to the rotor blade surface pnor to the heat apphcatlon and requlred more |
: ‘jrubbmg than durmg warm weather apphcatlon to get the tape fo’ properly bond
Cold weather operatlons would necess1tate the preheatmg of the blade surface in the
) area of mtended tape apphcatlon ThlS would make cold weather mstallatlon and -

_mamtenance of the D1mpletape® labor 1ntens1ve I

. 1t is the author’s View that Dimpletape® is difficult to apply during cold weather *. -
‘-operation's andw111 probablv-_debohd from rotor blades durmg harsh' weather

[ I
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conditions. This in itaelf will make the use of Dimpletape® a burden for the user to

maintain.

. After each ﬂlght ‘the D1mpletape® was mspected for any debonded sect1ons and'
repalred 1f necessary The 1nspect10n of. each rotor blade requlred approxrmately 0. 5

.- man hour. The repa1r of the one mstance of Drmpletape® debondmg requ1red "

approx1mately 0. 5 man hour (glue applrcatron and drying trme)

. 'Drmpletape® is easy to remove by usmg a ﬁngemall to get up under the edge of the L |
'tape and then peehng the tape back Appendlx E, Flgure E 14 D1mpletape® leaves

r':vrrtually no re51due on the rotor blade when removed Dlmpletape® removal from

the maln rotor blades requ1red approx1mately 0.5 man hour
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Chapter 6 .

CONCLUSIONS
The following conclusions can be drawn from the flight-testing data analysis; '

. 1.‘ ‘General — The appllcatlon of D1mp1etape® will not 51gmﬁcant1y reduce the
' power requ1red by the rotor system (< 1. 0 %). In most of the test. lengths
Dlmpletape® mcreasedr the power requlrements of the rotor system.

Dimpletape@ will increase maintenance requirements.

2. Hover Performance, Optlmum Dlmpletape® Length - The 10%

' Dlmpletape® length (maximum camber posmon) was evaluated as the

B R s optlmum layout- since this length‘ 1ndlcated the greatest - potential for
'performance gam Howetfer data analysis results for the Optlmum
Dlmpletape® length fall w1th1n the accuracy of the tests and therefore |

o _ A 1nd1cate no measurable nerformance improvement.

3. Level Flight Performance - At referred gross weights of 2831 pounds and

3412 pounds there is no measurable performance improvement with the use |

of Dimpletape®.
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4. Autorotaional Speed Recovery Rate - Test data results varied from 32

seconds to 4.5 seconds. with no cléar. trend. This indicates no enhanced or -

-~ degraded recovery rate.

5. Acoustic Level — The ﬂight crew did not observe any changes in the noise

level from the baselinclr_otor syétg:m when Dimpletape® was applied.

6. Handling',Quailities - Handling qualities did not vary from baseline

" conditions with Dimpletape® installed in any of the configurations.

7. Dimpletape® Adhesion — A Dimpletape® debond (approximately %2 inch
~ along the leading édge)foécurr:ed in’ the outboard 10% of the rotor blade.
* The debpnd was rgpéiied using the manufacturers instrucﬁons;_~11ﬁs Tepair

* withstood the remaiindér 6f the teéting without further incident.

8. Operatiox‘al Cbn'sideﬁtibns, .—\ The application of Dimpletépe@ is

j Vsi'r.riplistic wheﬁ fqlllovézing the manufacturer’s inStructions_,. H-owever,‘if is
the au‘thor’s view th;t birﬂPletapé@ will probably,debon’d from rotor.bladés
during adverse ‘;Negfchér cdnditi‘oils; and require repetitive mainfenance.

N pfoéedures for repairing»,the_t;lpé." Difyﬁplétape@ is also a tail 1;'0t'6r hézard

when applied in long lengths to the rotor blades. A corhplete debond of a

«fu‘ll length seétion of ,Dhnbletape® ~vvould have the potential for wrapping
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around tail rotor components and jeopardizing aircrew safety. This will

make the use of Dimpletape® a significant burden for the user to maintain.




'Chapt-e‘r" 7

' RECOMMENDATIONS

‘Test results indicate that Dimpléiape@ did not significantly reduce pdwer requirer‘nents‘~
for the aircraft tested and with this in mind the .authQI:' makes the ~flollowiné

recommendations: -
1. Do not consider Dimpletape® for_ operational use on rotary wing aircraft.

2. Do not perform any further testing of‘Dlinipletape® on rotary wing aircraft,
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TEST AIRCRAFT PITOT STATICS
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Figure A.1. N88UT Boom Airspeed Indicator Calibration Chart. 9
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Figure A.2. N8S8UT Boom Altimeter Calibration Chart.
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N88UT Airspeed Position Error
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Figure A.3. N88UT Position Error Chart. |
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Aircraft: OH-58A+ Date:
Pilot: Lewis FTE’s:
Test: Referred Hover Performance Cr:

30-31 October 2000
Deetman, Callendar, Mulnik, Davis

00271, .00288, .00306, .00327,
.00347, .00369

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, W, 2639 Ibs., 2803
Ibs., 2983 Ibs., 3180 Ibs., 3378 Ibs.,3594 Ibs., Average CG 109.7.

wJ/Z

ref

ESHP, . vs W, /*?
310
- 1 i
290 — K —
Z
7
P o
270
— > ]
P
= o -
E 250 M/% —&— Baseline
g 7 ] B i
: 5% 3/4 Dimpletape
- 230 Z —#— 1/2 Dimpletape
EE s //f —>¢— 1/4 Dimpletape
@ 210 o —¥— 1/10 Dimpletape
190 | =
*%
170 ——
150
100 150 200 250
Thousands

Figure B.1. Referred Hover Performance Comparison of Dimpletape® Lengths.




Aircraft: OH-58A+ Date: 15 November 2000
Pilot: Lewis FTE’s: Deetman, Callendar

Test: Referred Hover Performance Cr: .00271, .00288, .00306, .00327,
.00347, .00369

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, W,.r 2639 Ibs., 2803
Ibs., 2983 Ibs., 3180 Ibs., 3378 Ibs.,3594 Ibs., Average CG 109.0.

ESHP,vs W,>(10% Blade Length)
310
290 S5
% -
B8 ek
270 V44
s,
s 7
a 2 77
g 250 osower
g 7. —©&— Baseline
3 By gy /4 £ 1 inch Fwd
g 230 Z /f[ #—2 inches fwd
E: —3¢— 1 inch aft
P $
‘% 210 H[// —¥— Maximum camber
= 7w
W

- f(

170

150

100 150 200 250
Thousands
W,

Figure B.2. Referred Hover Performance Comparison of Dimpletape® Lengths at

10% Blade Length, Optimum Layout.
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Aircraft: OH-58A+ Date: 15 November 2000
Pilot: Lewis FTE’s: Deetman, Callendar
Test: Referred Hover Performance Cr: 00271, .00288, .00306, .00327,

.00347, .00369

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, W, 2639 Ibs., 2803
Ibs., 2983 Ibs., 3180 Ibs., 3378 Ibs., 3594 Ibs., Average CG 109.0.

ESHP,;vs W,"?(10% Blade Length)

300
280 /f{
L7
P
E 260 5 b
2 i
g
E o 5 —&— Baseline
= s, —¥— Maximum camber
T A |
& 7
= 590 ///
A
AL
200 |- Y -
PZ
y/
WA o
180
100 125 150 175 200 225
Thousands
w2

Figure B.3. Expanded View, Referred Hover Performance Comparison of
Dimpletape® Length at 10% Blade Length, Optimum Layout, Baseline versus

Maximum Camber.
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Aircraft: OH-58A+ Date: 30 October — 3 November 2000
Pilot: Lewis, Stellar FTE’s: Deetman, Callendar, Agramunt
Test: Referred Level Flight Cr: .00291

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, W/ 2831 Ibs.,
Average CG 109.8.

Dimpletape Referred Level Flight Performance (Cr = 0.00291)
300
280 b
|
260 1
yay

240 j;
E < Baseline
% 220 4 [13/4 Dimpletape
g & A 1/2 Dimpletape
éﬁ 200 = % 1/4 Dimpletape
1] # X 1/10 Dimpleta
= R » t g pletape

160 g A

a8 8
X A
140
120
0 20 40 60 80 100 120 140
V1 (KTAS)

Figure B.4. Referred Level Flight Comparison of Dimpletape® Lengths,

Cr=0.00291.
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Aircraft: OH-58A+ Date:
Pilot: Lewis, Stellar FTE’s:
Test: Referred Level Flight Cr:

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, W/c 2831 Ibs.,

Average CG 109.8.

30 October — 3 November 2000
Deetman, Callendar, Agramunt
.00291

Dimpletape Referred Level Flight Performance (C; = 0.00291)

300

280

260

240

220

© Baseline

X 1/10 Dimpletape

200

ESHP, ¢ (Horsepower)

3%

180

Ox¢

160

O

140 z;

120
0 20 40 60 80

V1 (KTAS)

100

120

140

Figure B.5. Expanded View, Referred Level Flight Comparison of Dimpletape®

Lengths, Baseline versus 10% Dimpletape® Length, Ct = 0.00291.
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Aircraft: OH-58A+ Date: 30 October — 3 November 2000
Pilot: Lewis, Stellar FTE’s: Deetman, Callendar, Agramunt
Test: Referred Level Flight Cr: .00351

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, W, 3412 Ibs.,
Average CG 109.8.

Dimpletape Referred Level Flight Performance (C; = 0.00351)

320

300

280 4

o3

260
E 240 A <© Baseline
g- s 1 3/4 Dimpletape

||

g 220 > 5 A 1/2 Dimpletape
s 200 X e % 1/4 Dimpletape
% = 5 X 1/10 Dimpletape

180 i *

160

140

120

0 20 40 60 80 100 120 140
Vr (KTAS)

Figure B.6. Referred Level Flight Comparison of Dimpletape® Lengths,

Cr=0.00351.
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Aircraft: OH-58A+ Date: 30 October — 3 November 2000
Pilot: Lewis, Stellar FTE’s: Deetman, Callendar, Agramunt
Test: Referred Level Flight Cr: .00351

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, W, 3412 Ibs.,
Average CG 109.8.

Dimpletape Referred Level Flight Performance (C; = 0.00351)

320

——

300

280

260 %7

240

K 24

© Baseline

X 1/10 Dimpletape

D

220

200

O
4

ESHP,; (Horsepower)

180
v i
160

140

*0
*

120

0 20 40 60 80 100 120 140
Vr (KTAS)

Figure B.7. Expanded View, Referred Level Flight Comparison of Dimpletape®

Lengths, Baseline versus 10% Dimpletape® Length, Cy = 0.00351.
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Aircraft: OH-58A+ Date: 2 —4 August 2000
Pilot: Lewis, Stellar FTE’s: Deetman, Callendar, Agramunt
Test: Referred Weight Deviation Cr: .00291

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, W/c 2831 Ibs.,
Average CG 109.8.

Referred Weight Deviation (Cr = 0.00291)

g1
E < Baseline T
L .

Bat @ g ly, | |meme
3 o * pletape
; 4 X ] [j ¢ 1/4 Dimpletape
8 N - * X 1/10 Dimpletape
2

0 20 40 60 80 100 120 140
V1 (KTAS)

B.8. Referred Weight Deviation (Cr=0.00291)
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Aircraft: OH-58A+ Date: 2 —4 August 2000
Pilot: Lewis, Stellar FTE’s: Deetman, Callendar, Agramunt
Test: Referred Weight Deviation Cp: 00351

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, W/c 3412 Ibs.,
Average CG 109.8.

Referred Weight Deviation (C; = 0.00351)
3
2
5 < Baseline
é ’ | 0 3/4 Dimpletape
$ o0 X of g P ol & o A 1/2 Dimpleta
é'a J25° X oA impletape
4 i\ R « 1/4 Dimpletape
,E ’ X 1/10 Dimpletape
& -1
2
-3
0 20 40 60 80 100 120 140
V1 (KTAS)

B.9. Referred Weight Deviation (Cy = 0.00351)
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Aircraft: OH-58A+
Pilot: Lewis, Stellar
Test: Level Flight Performance

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, Wys 2831 Ibs.,

Average CG 109.8.

Date:
FTE’s:
CT:

30 October — 3 November 2000
Deetman, Callendar, Agramunt

.00291

Power Coefficient vs. Advance Ratio (C1 = 0.00291)

30 -
25 »
o
<
20
o < Baseline
o r K o [1 3/4 Dimpletape
E 15 ﬁ < A 1/2 Dimpletape
& .
& © 1/4 Dimpletape
é X 1/10 Dimpletape
10
5
0
0 0.1 0.2 0.3 0.4
Advance Ratio (n)

Figure B.10. Power Coefficient versus Main Rotor Blade Advance Ratio,
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Aircraft: OH-58A+ Date: 30 October — 3 November 2000
Pilot: Lewis, Stellar FTE’s: Deetman, Callendar, Agramunt
Test: Level Flight Performance Cr: .00351

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, Wi 3412 Ibs.,
Average CG 109.8.

Power Coefficient vs. Advance Ratio (C; = 0.00351)
30
Q,
25 <&
s A
¥
o
20 ;’
o < Baseline |
. Ha O 3/4 Dimpletape
=
w 15 e %— o A 1/2 Dimpletape
) 3 $
< 1/4 Dimpletape
X 1/10 Dimpletape
10
| 5 .
|
0
0 0.1 0.2 0.3 0.4
Advance Ratio (n)

Figure B.11. Power Coefficient versus Main Rotor Blade Advance Ratio,

Cr=10.00351.
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Aircraft: OH-58A+ Date: 30 October — 3 November 2000
Pilot: Lewis, Stellar FTE’s: Deetman, Callendar, Agramunt
Test: Level Flight Performance Crp: .00291

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, Wper 2831 Ibs.,
Average CG 109.8.

Blade Tip Mach Number vs. Advance Ratio (C; = 0.00291)

0.9

0.8
£ X .
E D°x A < Baseline
o o8 X 0 3/4 Dimpletape
] oXo :
s 07 % A 1/2 Dimpletape
i§ gx < 1/4 Dimpletape
g o | X 1/10 Dimpletape |

0.6 ) ML

0.5

0.1 0.2 Rl K 0.4

Advance Ratio ()

Figure B.12. Blade Tip Mach Number versus Main Rotor Blade Advance Ratio,

Cr=0.00291.
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Aircraft: OH-58A+ Date: 30 October — 3 November 2000

Pilot: Lewis, Stellar FTE’s: Deetman, Callendar, Agramunt
Test: Level Flight Performance Crp: 00351

Configuration: High skid gear installed, Pitot static probe installed, All doors removed, W, 3412 Ibs.,
Average CG 109.8.

Blade Tip Mach Number vs. Advance Ratio (C; = 0.0035 1)

0.9 .

0.8
" &
3 EA 5 1
£ o < Baseline
=
- e M 0 3/4 Dimpletape
3
g 07 * ol - A 1/2 Dimpletape
g o 1/4 Dimpletape
E @ X 1/10 Dimpletape

0.6

0.5

0.1 0.2 0.3 0.4
Advance Ratio (n)

Figure B.13. Blade Tip Mach Number versus Main Rotor Blade Advance Ratio,

Cr=0.00351.




APPENDIX C

AIRCRAFT WEIGHT AND BALANCE
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Aircraft Basic Wt.
Pilot
Copilot
Right Rear Seat
Left Rear Seat
Baggage Compartment
Misc Equip
Operating Wt.
Fuel

Takeoff Condition
Corrections
Takeoft (Corected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 290 Ibs. Remain
Landing Condition
Corrections

Landing (Corrected)

Aircraft Basic Wt.
Pilot

Copilot

Right Rear Seat
Left Rear Seat

Operating Wt.
Fuel

Takeoff Condition
Corrections
Takeoff (Corrected)

Expendables
Copiiot

Right Rear Pax
Left Rear Pax

Fuel 180 ibs. Remain
Landing Condition '
Corrections

Landing (Corrected)

'OH-58A+ Weight & Balance

Crew: Lewis Deetman
* 30-Oct-00 Callendar
Weight Am/C.G.  Moment
2001 2368.0 3300 7 T T H
236 65 153.4 : - - : :
166 65 ' 1079 3100 f------ Aefrene- Remoan #4109.72 o= =~ 4-mmmn e
100 104 . 1040 7 x 109.62
198 104 205.9 2000 ] ;
0 170 0.0
0 105 0.0 2700
2701 2939.2 ~ 1
400 463.2 £
g 2500
K
3101 34024 3 200
0 85 - 00 g
3101[_109.72] 3402.4 2100 1
0
0 65 1500 3
0 104
0 104 1700 1 -
-110 -123.6 1500
2991 3278.9 104
0 0.0 !
2091 l 109.62[ 3278.9 Fuselage Station (Inches)
Figure C.1.
Weight and Balance
Hover Baseline Performance Testing - Heavy
OH-58A+ Weight & Balance Crew: Lewis Deetman
30 Oct 00
Weight Am/C.G. Moment
2001 . 2368.0 3300
236 65 153.4
166 65 107.9 3100
0 104- 0.0
o 104 0.0 2600 ]
0 100 0.0
2403 26293 ooy
280 320.2 £
T 2500 ¢
=
o
2683 20495 2 a0 1.
0 85. 0.0 g
2683[__ 109.93 29495 2100 ]
0 65 1900"t--
0 .+ 104
0 104 1700 4. ---
-100 -112.2 1500
2583 2837.3 104
0 0.0

2583 109.85 2837.3

Fuselage Station (Inches)

Figure ca2.
", Weight and Balance

Hover Baseline Performance Testing - Light
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Aircraft Basic Wi.
Pilot
Copilot
Right Rear Seat
Left Rear Seat
Baggage Compartment
Misc Equip
Operating Wt.
Fuel

Takeoff Condition
Corrections
Takeoff (Corrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 325 Ibs. Remain
Landing Condition
Corrections

Landing (Corrected)

Aircraft Basic WA.
Pilot

Copilot

Right Rear Seat
Left Rear Seat

Operating Wt.
Fuel

Takeoff Condition
Corrections
Takeoff (Comrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 175 Ibs. Remain
Landing Condition
Corrections

Landing {Corrected)

OH-58A+ Weight & Balance Crew: Lewis Deetman

31-Oct-00 Mulnik
Weight Am/C.G. Moment
2001 2368.0 $ 3300
236 65 1534 RN
166 65 1079 3100 | : 637
150 104 .1586.0
204 104 2122 PR Y SR S A S N A
0 170 0.0
0 105 0.0
2757 29975 L Rty i M A I AR S
425 4934 3
T 2500 Jooododenen L
o
g
3182 3490.9 P < e s AT RT SURTRIC] EEERRE
0 85 0.0 g
3182[__109.71] 34909 2100 L oo oo
0 65 ' I R I St SRR M
0 104
0 104 1700 - oo e b
-100 -112.2 1500
3082 3378.7 116
0 0.0
3082[ - 109.63] 3378.7 Fuselage Station (Inches)
Figure C.3.
Weight and Balance
Hover 75% Dimpletape Length - Heavy
OH-58A+ Weight & Balance Crew: Lewis Deetman
© 310ct00 - o
Weight AmVC.G. .Moment
2001 2368.0° | 3300
236 65 ° 1534
166 65 107.8 3100
- 0 104 0.0
0 104 00 2000 ] :
0 100 0.0 o : : .
2403 2629.3 A R T % 0e8s T H
250 : 285.0 5 : ! x109.79 | ;
- i
£ ' ' ! : '
: i’ ] ' : H : H
2653 25143 EJAPYYT% N - SN SO BUUN | I
. 0 . 85 00 - g : ! ' : :
2653]__109.85] 29143 2100 oo fo- b SR
0. &5 [atal s S S R
0 104 ' : : E : E
0 104 I (11 N B D AODEEEN e L R
-75 -83.9 1500 j A i j i
2578 28304 104 106 108 110 112 114 116 -
0 0.0
2578] 1098.79 2830.4 Fuselage Station (Inches)
Figuré C4.
Weight and Balance

Hover 75% Dimpletape Length - Light

83




Aircraft Basic Wt.
Pilot
Copilot
Right Rear Seat
Left Rear Seat
Baggage Compartment
Misc Equip
Operating Wt
Fuel

Takeoff Condition
Corrections
Takeoff (Comrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 105 lbs. Remain
Landing Condition
Corrections

Landing (Corrected)

Aircraft Basic Wt.
Pilot

Copilot

Right Rear Seat
Left Rear Seat

Operating Wi.
Fuel

Takeoff Condition
Corrections
Takeoff (Comrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 80 Ibs. Remain
Landing Condition
Corrections

Landing (Corrected)

OH-58A+ Weight & Balance Crew: Lewis Deetman

31-Oct-00 Davis
Weight AmvVC.G. Moment
2001 2368.0 3300 ; T 1 H
236 -85 1534 ' - : ! !
166 65 107.9 3100 4 ------ defennn Tk LTI VEREIRE R
125 104 130.0 i :
161 104 1674 \
0 170 0.0 Eeh Y FTR0000 T TN T
0 105 0.0 ! x109.03
2689 2926.7 = 0T £ ,
175 197.9 =} : :
. z 2500 }--- : ; :
] ' H :

2864 3124.7 = 2000} SN FON
0 85 0.0 £ : : : ;

2864]__109.10] 31247 2100} 4§ : ‘
0 e T s s ‘
0 104 : : : 1
0 104 eSS e e M o |

) | : : i : |
70 -78.3 1500 ; ; ; i ; |

2794 3046.4 184 106 108 110 112 114 116 |
0 0.0

279, 4| T 109_03] 3046 4 Fuselage Station (Inches)

Figure C.5.
Weight and Balance
_Hover 50% Dimpletape Length - Heavy
OH-58A+ Weight & Balance Crew: Lewis Deetman
31 0ct 00
Weight Am/C.G. Moment
2001 2368.0 3300
236 65. 1534
166 65 107.9 ; 3100
0 104 0.0 .
0 104 00 2900
0 100 0.0
2403 2629.3 i
170 o-192.2 ¥
: : T 2500
&
o

%573 28215 Z 0l
0 85 00 g

2573[ 109.66[ 2821.5 2100
0 65 = 1600 1
0 104
0 104 1700 }--

-80 -100.9 < 4500
2483 2720.6 104
0 . 00" .
2483] 109.57 2720.6 Fuselage Station (Inches)
Figure C.6.
Weight and Balance

Hover 50% Dimpletape Length - Light
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OH-58A+ Weight & Balance ) Crew: Lewis Deetman

31-Oct-00 Callendar
Weight Am/C.G. Moment
Aircraft Basic Wt 2001 2368.0 . 3300
Pilot 236 65 153.4
Copilot 166 65 107.9 3100 : %
Right Rear Seat 200 104 208.0 . :
Left Rear Seat 198 104 205.9 2000 ] " L
Baggage Compartment 0 170 0.0 ! H
Misc Equip -0 105 0.0 2700 ] o |
Operating Wt. 2801 3043.2 . K o
Fuel 220 250.0 5 ; ;
) = 2500 {---4- FREREEE LR EEE R
s ! :
B 2 ] ]
Takeoff Condition 3021 32932 ? 2300 Jeoeanan (O H P
Corrections 0 85 0.0 s ; H :
Takeoff (Comected) 3021 109.01] 32932 21001 - — H—
Expendables : : '
Copilot 0 85 1800 p-- H frere e
Right Rear Pax 0 104 : : :
Left Rear Pax 0 104 ) 1700 + dremoees boomoes £ R
Fuel 155 Ibs. Remain -85 -72.7 1500 ; i ; ; }
Landing Condition 2956 3220.6 104 106 108 110 112 114 116
Corrections 0 0.0
Landing (Comected) 2956] . 108.95] 3220.6 Fuselage Station (Inches)
Figure C.7.
Weight and Balance

Hover 25% Dimpletape Length - Heavy

OH-58A+ Weight & Balance Crew: Lewis Deetman
31 0ct 00
Weight Am/C.G. Moment
Aircraft Basic Wt. 2001 2368.0 3300
Pilot 236 65 153.4 ; ,
Copilot 166 65 107.9 3100 1 AR T R
Right Rear Seat 0 104 0.0
Left Rear Seat 0 104 0.0 PR SO S SN S SR N AN
0 100 0.0 ” :

Operating W. 2403 26293 _ Ty ; |
Fuel 155 . 174.9 £ :

2500 fo-deedoocnao b X 10968 boooo oo

S

Q
Takeoff Condition 2558 2804.2 2 a0 : N I
Corrections 0 85 © 00 g
Takeoff (Comected) 2558] _ 109.63] 2804.2 2100 ] |
Expendables - . :
Copilot 0 65 ' 1900 -~ i h [ARREEE R I
Right Rear Pax 0 104 !
Left Rear Pax : 0 104 1700 - ; ] ------
Fuel 100 Ibs. Remain -55 i 614 1500
Landing Condition . 2503 27428 104 116
Corrections 0 0.0 '
Landing (Corrected) 2503[ 109.58] 27428 Fuselage Station (Inches)

Figure C.8.
Weight and Balance

Hover 25% Dimpletape Length - Light




OH-58A+ Weight & Balance Crew: Lewis . Deetman
31-Oct-00

Callendar

Weight Am/C.G. Moment

Aircraft Basic Wt. 2001 2368.0
Pilot 236 65 153.4 : - :
Copilot 166 65 1078 | 3100 f--mmee i e
Right Rear Seat . 100 104 - 104.0 { )
Left Rear Seat 198 - 104 0 12059 | ogpol i f % 10828.ho i Nu L
Baggage Compartment e 170 0.0
Misc Equip 0 105 0.0
Operating Wt. 2701 2939.2 O
Fuel - 285- 326.1° 8
P R e At M
. . @
Takeoff Condition '. 2966 32653 % 200 Lo e
Corrections ‘ 0 85 - 0.0 g
Takeoff (Corrected) 2986 109.35] - 82653« | ° yppl..ddeoo bbb
Expendables
Copilot 0 27 A A i At b skt R ! R
Right Rear Pax 0 104
Left Rear Pax 0 104 | 700 e b
Fuel 205 Ibs. Remain -80 -89.6
Landing Condition T 2906 3175.7 116
Corrections 0 0.0
Landing (Carected) 2906 _100.28]  3175.7 Fuselage Station (nches)
Figure C.9.
Weight and Balance
Hover 10% Dimpletape Length - Heavy
OH-58A+ Weight & Balance Crew: Lewis Deetman
31 Oct 00
Weight Am/C.G. Moment
Aircraft Basic Wt. 2001 2368.0 3300 T
Pilot . 236 65 - 1534 - :
Copilot 166 65 1079 3100 N F
Right Rear Seat 0 104 0.0 : :
Left Rear Seat 0 104 0.0 2300 : : PR L
0 100 0.0 2700
Operating Wt. 2403 26293 = . X 108.887 7T}
Fuel 260 296.7 4
= 2500 | SRR R S| S
£ .
(]
Takeoff Condition 2663 2926.0 2 0] ; U I
Corrections 0 85 0.0 g :
Takeoff (Comrected) 2663 __109.88]  2926.0 21001 SRR N
Expendables : . :
Copilot 0 65 1800 4 b TR T i R
Right Rear Pax . 0 104 : : :
Left Rear Pax 0 104 1700 - AR RLERED ' ERRREEEE Foenees | R
Fuel 175 Ibs. Remain -85 -95.2 1500 N S T
Landing Condition 2578 2830.8 104 106 108 110 112 114 116
Corrections 0 0.0
Landing (Corrected) 2578 109.81] 283058 Fuselage Station (Inches)
Figure C.10,
Weight and Balance

Hover 10% Dimpletape Length - Light
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"'OH-58A+ Weight & Balance Crew: Lewis Deetman

15-Nov-00 Callendar
Weight AmM/C.G. Moment
Aircraft Basic Wi, 2001 2368.0
Pilot 236 65 1534
Copilot 167 65 108.6
Right Rear Seat 300 104 312.0
Left Rear Seat 298 104 309.9
Baggage Compartment 0 170 0.0
Misc Equip 0 105 0.0

Operating Wi. 3002 ' 3251.9 -
Fuel 150 : 169.2 3 -

s

®
Takeoff Condition 3152 34211 =
Corrections 0 85 0.0 g
Takeoff (Corrected) 3152]__10854]  3421.1 ©
Expendables
Copilot 0 65
Right Rear Pax 0 104
Left Rear Pax . 0 104
Fuel 130 Ibs. Remain -20 -22.2
Landing Condition 3132 3398.8
Corrections 0 0.0 i
Landing (Corrected) 3132]__108.62 3398.8 Fuselage Station (Inches)

Figure C.11.
Weight and Balance

Hover 10% Optimum Dimpletape Length - Moved 1" Fwd - Heavy

OH-58A+ Weight & Balance Crew Lewis Deetman
15 Nov 00
Weight Am/C.G. Moment
Aircraft Basic Wt. - 2001 2368.0 3300
Pilot 238 65 1534
Copilot 167 65 1086 - 3100 4
Right Rear Seat 200 104 208.0
Left Rear Seat 100 104 104.0 2800
0 100 0.0
Operating W. 2704 2942.0 . Fo
Fuel 130 146.3 £
= 2500 -
3
Takeoff Condition 2834 3088.3 % 2300 4 ---
Corrections 0 85 0.0 g
Takeoff (Corrected) 2834| 108.97| 3088.3 o 2100 1
Expendables
Copilot 0 65 1900 .- -
Right Rear Pax ¢] 104
Left Rear Pax 0 104 1700 4 --
Fuel 100 Ibs. Remain -30 : -334 . 1500
Landing Condition 2804 . 3054.9 ' 104
Corrections 0 0.0
Landing (Comected) 2804  108.95] 3054.9 Fuselage Station (inches)
- Figure C.12.

Weight and Balance
Hover 10% Optimum Dimpletape Length - Moved 1" Fwd - Light




OH-58A+ Weight & Balance ‘ Crow: Lwis  Deetman

15-Nov-00 Callendar
Weight - AmMm/C.G.  Moment
Aircraft Basic Wt. 2001 2368.0 3300
Pilot 236 65 1534
Copilot 167 65 108.6 3100 Y s R R
Right Rear Seat 300 104 3120 ;
Left Rear Seat 323 104 3359 2900 oot N
Baggage Compartment 0 170 00 °
' Misc Equip 0 105 00 oo deo i
Operating W. 3027 32779 ~ ]
Fuel : 105 179 g
B B S SEE RIS PI MUPNPPON SRS I,
=2
. . - L
\ Takeoff Condition 3132 3395.7 E 2300 oo ]emdmn b b
‘ Corrections 0 85 0.0 g
‘ Takeoff (Comected) 3132[__10842] 33957 PO L IO AU NS U N
Expendables .
r Copilot 0 65 B B e e A Aaabhbl] RELLt
‘ Right Rear Pax ] 104 .
Left Rear Pax -0 104 R e e ST ] EOTERD
Fuel 45 |bs. Remain 60 . __-87.0 1500
Landing Condition 3072 3328.7 104 116
Corrections 0 0.0
Landing (Corrected) 3072 108.36 3328.7 Fuselage Station (Inches)
Figure C.13.
o Weight and Balance
- Hover 10% Optimum Dimpletape Length - Moved 2" Fwd - Heavy
. OH-58A+ Weight & Balance Crew: Lewis Deetman
"15Nov00 . -'-
Weight AmVC.G. Moment '
Alrcraft Basic Wt. 2001 2368.0
Pilot 236 65 1534 [
. Copilot 167 65 108.6 . 4 TR
| Right Rear Seat ) 200 104 208.0
Left Rear Seat 125 104 130.0 .
0 100 0.0 -
Operating Wt. 2729 2968.0 PR Y A
Fuel 100 1122 3
S
o
Takeoff Conition 2829 3080.2 2 2000 Joedendee b
Corrections 0 85 0.0 £ ; ;
Takeoff (Comected) 2829]__108.88] 30802 © : b
Expendables , : : : ! :
Copilot (o] 65 H ¢ 1 ; [ .
Right Rear Pax 0 104 : g ; : :
Left Rear Pax 0 104 700 poond-mdeoenens Beomees emeees Peseoes L) R
Fuel 65 Ibs. Remain -35 -39.0 1500 i i P I
Landing Condition 2794 3041.2 - 104 106 108 110 112 114 116
Corrections 0 0.0
Landing (Corrected) 2794]__108.85 3041.2 ) Fuselage Station (Inches)
Figure C.14,
Weight and Balance
Hover 10% Optimum Dimpletape Length - Moved 2" Fwd - Light




OH-58A+ Weight & Balance Crew: Lewis Deetman

15-Nov-00 Callendar
Weight © Am/C.G. Moment
" Aircraft Basic Wt. 2001 2368.0 3300
Pilot 236 65 1534
Copilot 198 65 128.7 3100
Right Rear Seat 325 104 338.0
Left Rear Seat 260 104 2704 2000 |
Baggage Compartment 0 170 0.0
Misc Equip 0 105 0.0 2700 ]
Operating Wt. 3020 3258.5 .
Fuel 175 197.9 £
- & 2500 1
3
Takeoff Condition 3195 3456.4 E 2300 +--
Corrections 0 85 0.0 g
Takeoff (Corrected) 3195]_,_108.18] 34564 © 2100 1
Expendables .
Copilot 0 65 . 1800
Right Rear Pax 0 104
Left Rear Pax 0 104 1700 1--
Fuel 155 Ibs. Remain -20 -22.2 1500
Landing Condition 3175 3434.2 104
Corrections 0 0.0
Landing (Corrected) 3175] _ 108.16 34342 Fuselage Station (Inches)
| Figure C.15.
Weight and Balance

Hover 10% Optimum Dimpletape Length - Moved 1" Aft - Heavy

OH-58A+ Weight & Balance Crew Lewis Destman
15 Nov G0
Weight Am/C.G. Moment
Aircraft Basic Wt. 2001 2368.0 3300 T T
Pilot 236 85 153.4 : - :
Copilot 198 65 128.7 3100 J---eon 2 AN
Right Rear Seat 175 104 182.0 ’
Left Rear Seat 100 104 + 1040 T 2900 ]
0 100 __ 00
Operating Wt. 2710 2536.1 e
Fuel - 150 169.2 g
= 2500 4
) 3z
Takeoff Condition 2860 31053 = 00
Corrections 0 85 0.0 g
Takeoff (Corrected) . 2860] . 108.58] , 31053 o 2100 1.
Expendables
Copilot ' 0 . 65 3 1900
Right Rear Pax . . 0 104 .
Left Rear Pax ’ 0 104 - 1700 ]
Fuel 120 1bs. Remain -30 ! -33.4 1500
Landing Condition 2830 - . 30719 T
Corrections 0 0.0
Landing (Corrected) 2830] _ 108.55 3071.9 Fuselage Station (Inches)
Figure C.16.

i ' Weight and Balance
| Hover 10% Optimum Dimpletape Length - Moved 1" Aft - Light
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Aircraft Basic Wt.
Pilot
Copilot
Right Rear Seat
Left Rear Seat
Baggage Compartment
Misc Equip
Operating Wi.
Fuel

Takeoff Condition
Corrections
Takeoff (Cormrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 250 |bs. Remain
Landing Condition
Corrections

Landing (Corrected)

Aircraft Basic Wit.
Pilot

Copilot

Right Rear Seat
Left Rear Seat

Operating Wt.
Fuel

Takeoff Condition
Corrections
Takeoff (Corrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuei 120 Ibs. Remain
Landing Condition
Corrections

Landing (Corrected)

OH-58A+ Weight & Balance Crew: Lews Deetman
30-Oct-00 - Callendar
Weight. AmVC.G. * Moment
2001 2368.0 3300
236 65 1534
167 65 108.6 3100 ;
100 104 104.0 ;
196 104 203.8 2000 L
0 170 0.0 : : b
0 105 0.0 ' : :
2700 2937.8 - : ey
365 4214 4 ; ; ;
z 5004 : 0 3
° H H H
“3065 3358.9 g 2300 H L 4
0 85 - 00 g : ' :
3065~ 109.59 3358.9 2100 : L ;
0 8- 1000 A
0 104 : : : ; ]
0 104 1700 ---4-- A bo-see- dmmmese- bmoeee- i
15 -129.2 1500 ; | i ; i
2950 3229.7 104 106 108 110 112 114 116
0 0.0
2950[ 100.48 I 3é29-7 Fuselage Station (Inches)
Figure C.17.
Weight and Balance
Baseline Level Flight - Heavy
OH-58A+ Weight & Balance Crew: Lewis Deetman
30 Oct 00
Weight Am/C.G. Moment
2001 2368.0 3300
236 65 153.4
167, 65 108.6
0 104 0.0
0 104 0.0
0 100 0.0
2404 2630.0 .
245 279.2 5
i
o
2649 26091 =
0 85 0.0 :e;

2648] 109.82] 2909.1

0 65

0 104

0 104
-125 -140.6
2524 2768.5

0.0

0 .
2524]  109.69 2768.5

Fuselage Station (Inches)

Figure C.18.
Weight and Balance
Baseline Level Flight - Light
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Aircraft Basic Wi,
Pilot
Copilot
Right Rear Seat
Left Rear Seat
Baggage Compartment
© " Misc Equip
Operating Wt.
Fuel

Takeoff Condition
Corrections
Takeoff (Corrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 250 Ibs. Remain
Landing Condition
Corrections

Landing (Corrected)

Aircraft Basic Wt.
Pilot

Copilot

Right Rear Seat
Left Rear Seat

Operating Wt.
Fuel

Takeoff Condition
Corrections
Takeoff (Corrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 120 Ibs. Remain
Landing Condition
Corrections

Landing (Corrected)

OH-58A+ Weight & Balance

1-Nov-00
Weight Am/C.G. Moment

2001 2368.0
236 65 153.4
167 ° 65 ,108.6
0 104 © 00,
196 " 104 203.8
0 170 0.0
0 105 0.0
2600 [ 2833.8
415 481.3
3015 3315.1
[ 85 0.0
3015]___109.95] 3315.1

0 65

0 104

0 104
-165 -186.4
2850 3128.7
0 0.0
2850] __109.78] 3128.7

Figure C.19.

Weight and Balance

Crew: Lewis

Deetman
Callendar

Gross Weight (Lbs)

3300

3100
2900
2700 |
2500 }-
2300
2100 }---
1900

J

1700 1---

1500

[ S R JUppupe 1

Fuselage Station (Inches)

Level Flight 75% Dimpletape Length - Heavy

2 Nov 00
Weight Am/C.G. Moment

2001 2368.0
236 65 153.4
167 65 108.6
0 104 0.0
0 104 0.0
0 100 0.0
2404 2630.0
245 279.2
2649 2909.1
0 85 0.0
2649[ L 109.82| 2909.1

0 65

0 104

0 104
-125 -140.6
2524 2768.5
0 0.0
2524] 1 09.69| 2768.5

 Figure C.20.
Weight and Balance

OH-58A+ Weight & Balance

Crew: Lewis

Deetman

Gross Walght (Lbs)

2100 4

-

1800 1---

1700 4---

1500

108

Fuselage Station (Inches)

Level Flight 75% Dimpletape Length - Ligl‘lt
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Aircraft Basic Wi.
Pilot
Copilot
Right Rear Seat
Left Rear Seat
Baggage Compartment
Misc Equip
Operating Wi.
Fuel

Takeoff Condition
Corrections
Takeoff (Corrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 50 Ibs. Remain
Landing Condition
Corrections

Landing (Comrected)

Aircraft Basic Wt.
Pilot

Copilot

Right Rear Seat
Left Rear Seat

Operating Wi.
Fuel

Takeoff Condition
Corrections
Takeoff (Corrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 140 Ibs. Remain
Landing Condition
Cormrections * B
Landing (Corrected)

OH-58A+ Weight & Balance

Crew: Lewis Deetman
2-Nov-00 Callendar
Weight Arm/C.G. Moment
2001 2368.0 3300
236 65 153.4
167 - 65 108.6 L R B Rt “EEEPS RPN
100 104 104.0
196 104 2038 !
0 170 0.0 20 % 109,05'“ """"
0 105 0.0 X 108.91
2760 25378 B Rl 1 S S e At | Ry
165 186.4 8
i = 2500 4---dcmamm e a el
o
@
2865 . 3124.2 2 200t fdee b
0 85 0.0 - (ED
2865] _109.05 3124.2 JROPOSs, N N TR UU T N N
0 66 - L e S RERCETELTTEES EECTLER EECEES
0 104
0 104 1700 oo e b b
-115 -129.2 1500
2750 2895.0 116
0 0.0
2750]__108.91] 29950 Fuselage Station (lnches)
Figure C.21.
Weight and Balance
Level Flight 50% Dimpletape Length - Heavy
OH-58A+ Weight & Balance Crew: Lewis Deetman

______ 3 -
'

:L %1109.72

2 Nov 00
Weight Am/C.G. Moment
2001 2368.0 3300
236 65 153.4
167 " 65 108.6 3100
0 104 0.0
0 104 0.0 2600 ]
0 100 0.0
2404 - 2630.0 a0y
245 279.2 £
) = 2500 4 -
g
[
2649 2805.1 Z w0l
0 85 0.0 g
2649 _109.82]  2908.1 2100 1.
0 65 1900 4 -
0 104
0 104 - 1700 1.
-105 -117.9 . 1500
2544 2791.2 104
0 : 0.0 :
2544] . 108.72]  2791.2

106 108 110 112

Fuselage Station (Inches)

‘Figure C.22.
Weight and Balance

Level Flight 50% Dimpletape Length - Light
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Aircraft Basic Wt
Pilot
Copilot
Right Rear Seat
Left Rear Seat
Baggage Compartment
Misc Equip
Operating Wt.
Fuel

Takeoff Condition
Corrections
Takeoff (Corrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 130 ‘Ibs. Remain
Landing Condition
Corrections

Landing (Corrected)

Aircraft Basic Wt
Pilot

Copilot

Right Rear Seat
Left Rear Seat

Operating WA.
Fuel

Takeoff Condition
Corrections
Takeoff (Corrected)

Expendables
Copilot

Right Rear Pax
Left Rear Pax

Fuel 90 Ibs. Remain
Landing Condition
Corrections

Landing (Comrected)

Crew: Stellar Deetman

Agramunt

OH-58A+ Weight & Balance
‘ 3-Nov-00 .

Weight AmM/C.G. Moment
2001 2368.0 3300
192 65 . 1248
167 65 108.6
175 104 182.0
161 104 167.4
0 170 0.0
0 105 0.0
2696 2950.8 ~
210 2384 E)
)
i
2506 31892 H
0 - 85 0.0 8 |
2806] 109.74]  3189.2 |
0 65
[} 104
0 104
-120 -134.9
2786 - 3054.3
0 0.0
2786 [ 100.63 l 3054.3 Fuselage Station (Inches)
Figure C.23.
Weight and Balance
Level Flight 25% Dimpletape Length - Heavy
OH-58A+ Weight & Balance Crew: Stellar Deetman
3 Nov 00
Weight Am/C.G. Moment
2001 2368.0 3aco
192 65 1248
167 65 108.6 3100
50 104 52.0
0 104 0.0 2000 ]
0 100 0.0
2410 26534 2700 oo
200 226.8 5 .
£ 2500 :
@ '
2610 2880.2 = 0l
0 85 0.0 g ! ' :
2610] 110.35]» 2880.2 2100 ] ; . L .
0 * 65 1900 ‘E :‘ E‘ ‘i
0 104 TR
0 104 1700 4---q--d-----o- R bbby R ] EERTLE
-110 1236 1500 N R N
2500 2756.6 104 106 108 110 192 114 116
0 0.0
2500| 110.26 2756.6 Fuselage Statton (Inches)
Figure C.24.
Weight and Balance

Level Flight 25% Dimpletape Length - Light
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, |
OH-58A+ Weight & Balance Crew: Stellar  Destman

3-Nov-00 Agramunt
) Weight AmV/C.G. Moment
Aircraft Basic Wt 2001 . 2368.0 3300
Pilot 192 65 124.8
Copilot 167 65 108.6 3100
Right Rear Seat 175 104 1820 . -
Left Rear Seat - 160 104 166.4 2000
Baggage Compartment ' 0 170 0.0
Misc Equip 0 105 0.0 2700
Operating Wt. 2695 2949.8 ~
, Fuel 265 $302.6 g
= 2500
: 5
Takeoff Condition 2560 32523 = 2300 .-
Corrections 0 85 0.0 e
Takeoff (Corrected) 2960] 109.88| 3252.3 . 2100 1-
Expendables .
Copilot 0 65 ‘ 1800 1
Right Rear Pax i 0 104
Left Rear Pax 0 104 1700
Fuel 200 Ibs. Remain -85 -72.7 1500
Landing Condition ' 2895 3179.7
Figure C.25.
Weight and Balance

Level Flight 10% Dimpletape Length - Heavy

Corrections 0 0.0
Landing (Corrected) 2895]__100.83]  3179.7 Fuselage Station (inches)
OH-58A+ Weight & Balance A " Crew: Stellar Deetman
3 Nov 00
Weight Arm/C.G. .Moment
Aircraft Basic Wt. 2001 2368.0 3300
Pilot 192 65 124.8 :
Copilot 167 65 108.6 F< 3107 R /SN GNP S VU
Right Rear Seat 0 104 0.0
Left Rear Seat | 0 104 .00 2800 R
0 100 0.0 !

Operating Wt. 2360 26014 Lt R I St Shbt S S| M
Fuel - 190 215.2 3

£ 2500 4 o--fecdmmmmeii ol gl

- =2

2]
Takeoff Condition 2550 28166, 2 0800 dewodocdoe e
_Corrections ' 0 8 00 g
Takeoff (Corrected) * 2550]__110.45] 2816.6 pr00 b b
Expendables .
Copilot . 0 65 R T R R A A ] S
Right Rear Pax 0 104
Left Rear Pax 0, 04 . - R L T e T BLLETEEL BEEEFF] ER
Fuel 100 Ibs, Remain % 1065 1500 ,
Landing Condition 2455 2710.0 104 106 108 110 112 114 116
Corrections o 0.0
Landing (Corrected) 2455] __110.39 2710.0 Fuselage Station (Inches)

Figure C.26.
Weight and Balance

Level Flight 10% Dimpletape Length - Ligl;t
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DIMPLETAPE® TEST PLAN
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. TESTPLAN. -

: Purpose

The purpose of tlus test -is’ to evaluate the performance beneﬁts of a D1mp1etape®,

apphcatlon to the mam rotor blades of an OH 58A+ hehcopter The test w111 determme

' opt1mal tape application length to ;;.m.axlmlze perform_ance gains. A basellne will be-

established with the OH-58_A+ helicopter and compared to data from four different.

lengths of D1mpletape®

. The rotor system w111 be evaluated for a reduced acoustlc level. A basellne sound level :
. w111 be measured and compared w1th the acoustlc level generated with each D1mpletape®' :

length. Changes in handllng qual1t1es will b,e noted. .

Scope of Tests

Test and Test Conditions

The tests will be conductedvin a. maXimum of 20. 0 ﬂight hours All ﬂ1ghts will be

‘conducted under dayhght v1sual meteorologlcal condmons (V MC) at Tullahoma

Reglonal Alrport, Tullahoma, -Tennessee. The tests and test conditions .matrlx is

presented as Table D.l..

Test\Envelope -

The test will be'conducted within t‘he'l'imits of the OH-58A/C Operator's Manual The :

max1mum altltude for level ﬂ1ght-test1ng for the purpose of thls test is 10 000 feet -
pressure alt1tude A1rspeed w111 be from 0 to VNE The VNE 11m1ts from paragraph 5-19,

w1th doors installed w111 be used. [3]

96



Test Loadlng

thht-testmg to determme level ﬂ1ght performance will -be conducted at two referred

' gross welghts (Wref) 2831 Ibs and 3412 Ibs. Autorotatlon ﬂlght-testmg will be ata W,efof

- “3412 lbs. Hover performance w1ll be tested at several W,ef values 2639 lbs 2803 lbs

2983 lbs 3180 Ibs, 3378 lbs and 3594 lbs Test loadlng wrll be varied by the number of -

personnel aboard or ballast in the a1rcraft and the amount of fuel used dunng the tests B

~ The actual aircraft test gross welght w111 vary from 2614 to 3150 ‘pounds for hover and
level ﬂlght testlng, wh11e the center of gravrty (CG) varles from 109. 7 to 109 6 1nches
respect1vely Gross welght for autorotatlon w1ll be 3150 pounds with a CG of 109 6

inches. Test loadlng is mcluded m Table D. 1

'Test Lengt_hs -

| -The test w1ll be conducted on an OH 58A+ hehcopter in four dlfferent tape lengths as i
shown below. The predommate data w111 be taken at a hover and at a1rspeeds ﬁom 40 ‘
| 'knots observed a1rspeed (KOAS) to 100 KOAS in 10 knot 1ncrements to evaluate A
changes in power Durlng the test handlmg quahtles and sound 51gnature reductlon wﬂl
. be 1nvest1gated | o |
) Lﬂgt_l'll —D1mpletape® 'rappliv_ed to the outboard 3/4 length of main rotor ‘
 blades. o |
l 40. o 'L"engthl"2 — Dirnpletape® fapplied to : outboar‘d 172 of | each 'maln rotot
* iblade. - 1, oo | | |
. e Len 3 —Dlmpletape®applled to outboard, 1/4 of each‘main" r_o‘tor

blade. :
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‘e Length 43— Dimpletape® applied to outboard 1/10 of each mam rotor

blade.

. Optimum Test _ An;iterativve spanwise and cordwise tape arrangement. .
The spanwise length vvilI be: detennined based ‘on the resultS» of ‘the ﬁrst
four tests. ,The cordw15e pos1t10n w111 be adJusted to evaluate the change m: :
proﬁle power by placmg Drmpletape® at dlfferent cord distances from the.‘
'leadmg edge -

The a1rcraft conﬁguratlon for all tests w111 be thht test p1tot stat1c system (Boom) '

1nstalled main rotor blades wﬂl be washed pr1or to D1mp1etape® appllcatlon doors: -

-mstalled and all engine bl.eed air systerns ofﬁ S

© Method of Tests -+ "« -

Test Methods and Procedures n ,‘

oy

The testlng w111 con51st of a quantltatrve performance evaluatlon 1ncludmg hover

performance (free hover method), level ﬂlght performance and autorotatlon performance

4.(W/o welght over dens1ty ratlo method) ﬂlght test. The data will be taken at ahover and

at a1rspeeds ﬁ'om 40, knots observed alrspeed (KOAS) to 100 KOAS in 10 knot

1ncrements to amphfy any results due to reduced coefﬁcrent of drag (Cdo) An" -

- 1nvest1gatron w111 also be conducted to determme any reductlon 1n rotor system sound‘
‘s1gnature Any changes in handlmg qua11t1es w111 also ‘be noted m test results.
‘ Engmeenng tests w111 be conducted in accordance w1th the U.S, Naval Test Prlot School

) Rotary Wing Performance Fllght Test Manual USNTPS FTM-106, U.S. Naval Test Pllot

School Rotary Wlng Stab111ty and Control thht Test Manual, USNTPS FTM 107 and

this test plan as. descnbed in the Tests and Test Condltlons Table (Table D. l)




Free Flight Hover Test (Baseline)

Free flight hover performanee will be evaluated by the use of a Hover Height Measuring
Device (HHMD). Aircraft weight and Ng will be adjusted to establish four W values
per Dimpletape® length. The free flight hover test will be evaluated during two flights
totaling 0.5 hour. The test will -be conducted in 2 stabilized IGE hover. At the

completion of the hover test a sound signature reading will be taken while at a stabilized

IGE hover. Helicopter loading will be single pilot at the pilot station, one FTE at the co-

pilot station, and observers or ballast in the passenger compartment as required. The.take-
off gross Weight (GW) will vary from 2614 to 3150 pounds and CG from 109.7 to 109.6
inches respectively.

Free Flight Hover "l“est (Dimpletape® installed)

Free flight hover performance will be evaluated by the use of a Hover Height Measuring -

Device (HHMD). Aircraft weight and Ng will be adjusted to establish four W, values -

per Dimpletape® length. The free ﬂight hover test of each Dimpletape® length will be

evaluated during ten flights of approximately 0.5 hour each (two flights per Dimpletape®

length). The tests wil] be conduc'ted ina stabilized IGE hover. At the completion of each

hover test a sound 31gnature reading w111 be taken while at a stabilized IGE hover. °

Helicopter loadmg will be smgle pllot at the pilot stat1on one FTE at the co-p1lot station,

and observers or ballast in the passenger compartment as requlred The take-off gross

weight (GW) will vary from 2614 to 3150 pounds and CG from 109.7 to 109 6 inches

respectlvely
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Level thht Perfonnance Test ( Basehne)

Level ﬂ1ght performance w111 be evaluated at two referred gross welghts (Wrer) using the

weight over density ratio method',' (W/ c, The'level flight test (baselinc) will be evaluated

‘during two flights of appro'ximately 1.0 hour each. The initial pressure altitude will be

2700 feet. "The pressure altitude"wlll be varied’ as necessary to maintain'the desired, Wres.
Helicop_ter loading will be sing_le pilot at the_pilot' 'statio’n, one FTE at the co—pilot station, * -
and observers or ballast in‘thwe passen'ger‘ compartment aslrequired.‘ The take;off gross
weight (GW) will vary from 2614 to 3150 pounds and CG from\ '109.7 ‘to 109.6 inches
respectively. | | o | -

Level Flight Test (Dimpletape® InStalled)

.Level flight performance will-be evaluated at two referred gross weights (Wrer) using the

weight over dens1ty ratio method (W/ o, The Level Flight Test of D1mp1etape® will be

evaluated during ten ﬂ1ghts of approxunately 1. 0 hour each (two ﬂlghts per Dlmpletape®

‘ length) The 1n1t1a1 pressure altitude will be 2700 feet. The pressure altitude will be

vaned as necessary to mamtam the desired W/0' Hehcopter loading will be s1ngle pllot
at the pllot stat1on one FTE at the co-p1lot statlon and observers or ballast in the

passenger compartment as requ1red. The take-off gross weight (GW) will vary from 2614

to 3150 pounds and CG from 109 7 to 109 6 mches respectlvely

Autorotatlon Rotor Speed Recoveg Rate (Basehne[

Autorotation Rotor Speed Recovery Rate perfonnance w111 be evaluated at one W,cf usmg
the Wio: method Autorotat1on Nr speed w111 be reduced to 95% and stablhzed 400 feet

prlor to passmg through the test altltude Autorotatlon Nr- steady state speed will be

: detennmed pnor to reachmg test altltude NR speed recovery rate will be measured ﬁom
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95% to 100% The test wﬂl be completed twwe to ensure repeatablllty Autorotatlon

‘. Rotor Speed Recovery Rate test (Basehne) w111 be evaluated during a smgle ﬂlght of
approxunately 0 5 hour The 1mt1al pressure alt1tude will be 2700 feet The pressure
altitude will be Var1ed as necessary‘to maintain the desired W,ef. Hehcopter loadlng will
be single pilOt at the pilot station orie FTE at.the co-pilot'station and observers or ballast

in the passenger compartment as requ1red The center of grav1ty (CG) w111 be 109.6
inches at the take-off gross welght (GW) of 3150 pounds

Autorotat1on Rotor Speed Recovery Rate (D1mpletape® mstalled)

Autorotation Rotor Speed Recovery Rate performance w1ll be evaluated at one’ W,efusmg
the W/o method Autorotatlon NR speed will be reduced to 95% and stabilized 400 feet
prior to passing through -the test altitude. 'Autorotation Nr steady state speed- will be
determmed pnor to reachlng test altltude Nr speed recovery rate will be measured from
95% to 100% The test will be- completed twice to ensure repeatablhty Autorotatlon
Rotor Speed Recovery Rate test will be evaluated durlng five flights of approxnnately 0.5
hour The initial pressure altltude will be 2700 feet The pressure altitude w111 be varled o
. as necessary to maintain the. des1red Wiet. Hellcopter loadlng w111 be smgle pllot at the
pilot station, one FTE at the co-pllot station, and observers or ballast in the passenger
compartment as requ1red The center of gravrty (CG) wrll be 109.6 1nches at the take-off

gross welght (GW) of 3150 pounds

INSTRUMENTATION AND DATA EXTRACTION/PROCESSING ‘
| Sensrtlve 1nstrumentatron and data recording eqmpment is 1nstalled onboard the test -
aircraft. Cockplt 1nstrumentat10n w111 be used to acqulre engme and ﬂymg parameters

The- external equipment required to collect the desired test data are: A programmable "
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calculator stopwatch portable voice recorder decibel meter ‘and HHMD Data will be

recorded on kneeboard cards by the FTE and on a portable voice recorder. The data w1ll

" be analyzed manually, using TPS computer programs or manual data reductlon usmg an

Excel spreadsheet and presented in the ﬁnallreportj -

Where:

W
or

Rs

Ry

Hy

Mmp -

Ve
a
Cr
psi
Ap.

The data w111 be recorded on hand-held data cards and micro cassette recorders. ‘The

W, QRS,T-"
W,ef=—— |
- o \ QR
(r) 7,
1.69
MTIP a J;
/A

oy
Cr=——— o7
psslAD(QR)

Refened'Weight .

Test weight . ‘

Dens1ty ratlo
Standard RPM blade rotatlonal velocrty
Test RPM blade rotatlonal veloclty "

. DenSIty altltude ‘ ‘
'Blade tip Mach numbér t cal

Cahbrated a1rspeed

Speed of sound at test condmons
Coefﬁcrent of Thrust

Standard sea level density

Area of the rotor drsk

followrng will be taken at each data pomt.

- Vo

Ship observed airspeed
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Q _"- g Sh1p torque

" Nr - Rotor RPM
Fuel - Fuel remammg o _
‘Hpo, - Observed pressure altitude S

OAT - . Observed outs1de air temperature _
Test Criteria: (Hover) ‘ '
' Wmd less that 3 knots (ground referenced)
o Englne bleed air systems off.
— Stabilized engme power demand .
,Mlmmum vertlcal and honzontal translatlons
: ‘Mlmmum cyclic control 1nputs L f: o ’
" No d1rect10na1 control mputs onent mto ex1st1ng wmd
Data Requlrements (Hover) S C
~ Stabilize 15 seconds minimuim- before recordmg data.
f'pro‘ - . £0.5 feet. ‘ ‘
‘Ng - %0 '5% :
lMaxunum dnft +3ft (ground referenced)
Maximum hover helght +3ft OGE (ground referenced)
Test Criteria: (free flight) ' '
Balanced (ball centered) w1ngs level unaccelerated ﬂlght.i
“Engine bleed air- systems oﬁ‘ |
Stabilized engme power demand
Data Requlrements (free ﬂlght)
Stablllze on data for 60 seconds pnor to recordlng data

Vo - #1knot.
. Nr - + 0.5%.

Test ‘Criten'a: (auto‘rotatton) ‘
| Constant airspeed.
Stablhzed rate of descent
Calm air.
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Ball centered unaccelerated ﬂlght

Constant heading.

:‘Data requlrements (autorotatlon) . P R

Stablhzed 400 feet pnor to altltude band N
Vo +2 knots ‘ SR
Headlng +2 degrees o

The data w1ll be reduced manually usmg the process outlmed in reference 1 and w1th the

automated helicopter performance data reductlon program developed by Mr. J J. McCue

. 'Special Precautions '

. Safety Considerations

The hover flight, level ﬂlght and autorotatlon test 1nvolve the mountmg of non-standard
‘ equlpment on the test aircraft. The test crew must have a thorough knowledge of a1rcraﬁ '

' thmltatlons All ﬂlght testmg shall be conducted wnhm the estabhshed flight envelope

and normal operatmg hmltatlons contamed 1n the A1rcraft Operators Manual Bl The

" crew must.be aware of any 'vunusual;handllng\ characterrstrcs or vibrations and must not ..
- proceed if these OCcur. The Dimpletape® vwill be 'perforated in'six-inch sections to allow
- any piece than mlght come loose to tear eas1ly Smaller pleces of tape w111 minimize the

3 potent1a1 hazard of tape entermg the tall rotor system Durmg all tests the crew must

remain vigilant to air trafﬁc and obstacle av01dance.

Risk Management '

‘The ﬂlght shall be conducted in VFR condrtrons durmg dayhght Emergency actions w111 -
.r‘be developed and bnefed by the aircrew" pr10r to the 1nstallat1on of, experlmental (non-
standard) equipment. The overall nsk assoc1ated with the: conduct of this test is assessed L

‘to be lo_w.
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Management

Schedule/Milestones

Coordination meeting is scheduled on 26 September 2000 at the UTSI hangar facility for
. the crew involved in the ﬂlght test. The ﬂights are scheduled to start 27 Septenlber 2000
pendlng approval of the test plan by the the31s commrttee

Test plan approval o . : 8 Septemb.er 2000

- Main rotor blade preparation” -~ - 11-115 September 2000 .
Baseline ho,ver,‘ level flight, and autorotation 27 September 2000
‘ Installation of Dimpletape® ) o 29 September 2000
- Hover, level flight, and autorotation with © . 3-6 October 2000

 Dimpletape® - - . e 124 October 2000 -

till completion

: Personnel Asngnment :

Dr. Lewis is assigned as the aircréft pilor;in-commond and . projecr advisor. | Cw3
Deetman i is ass1gned as the test dlrector and FTE for each of the tests

Reports

.An individuol Report of Test Results will be co'mpleted as soon as practicable after the
_ snccessful cornpletion of the ﬂight tests. The report will summarize the differences in
i hover level flight, and autorotat1on recovery rate performance of the OH-58A+ w1thout

» D1mp1etape® and with D1mp1etape® 1nstalled in the five conﬁgurat1ons The report will

include any changes in handllng quahtles and acoustlc levels of the rotor system
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Table D.1.
Test and Test Conditions

Event Description Crew Target Estimated Estimated CG Airspeed Remark
# W/g 1S Pressure Gross (KOAS)* 4
Altitude Weight
(ft) ! (Ibs) 2
1 Hover 1 pilot,.1 2639,2803, 1000 = 2614, 109.6, "0
Baseline FTE, 2983,3180, 3150 109.7
Testing observers 3378,3594
2 Level flight 1 pilot, 1 2831, 3412 ~ 2700 = 3150, 109.6, 40 to 100 .00291
Baseline FTE, 2614 109.7 .00351
testing - observers
3 Hover 1 pilot, 1 2639,2803, ~ 1000 = 2611, 109.6, 0
Dimpletape® FTE, 2983,3180, - 3150 109.7 -
Outboard 3/4 observers 3378,3594
4 Hover 1 pilot, 1 2639,2803, ~ 1000 = 2614, 109.6, 0
Dimpletape® FTE, 2983,3180, 3150 109.7
Outboard 1/2 | observers | 3378,3594 ' -
5 . Hover 1 pilot, 1 2639,2803, | = ~ 1000 & 2614, 109.6, 0
Dimpletape® FTE, 2983,3180, 3150 109.7
Outboard 1/4 observers 3378,3594
6 Hover 1 pilot, 1 2639,2803, ~ 1000 & 2614, 109.6, 0
Dimpletape® FTE, 2983,3180, 3150 109.7
Outboard 1/10 observers 3378,3594
7 Dimpletape® 1 pilot, 1 2639,2803, ~ 1000 & 2614, "1 109.6, 0
Adjusted for FTE, 2983,3180, 3150 109.7
max reduction observers 3378,3594 '
in profile drag
(note 5)
8 Level flight 1 pilot, 1 2831, 3412 & 2700 ~ 2614, 109.7, 40 to 100
Dimpletape® FTE, ‘ 3150 109.6

Outboard 1/10 observers

9 Level flight 1 pilot, 1 2831, 3412 & 2700 ~ 2614, 109.7, 40 to 100

Dimpletape® FTE, 3150 109.6
Outboard V4 observers ' )
10 Level flight 1 pilot, 1 2831, 3412 =~ 2700 & 2614, 109.7, 40 to 100
Dimpletape® FTE, 3150 109.6
Outboard % observers
11 Level flight I pilot, 1 2831, 3412 ~ 2700 =~ 2614, 109.7, 40 to 100
Dimpletape® FTE, 3150 109.6
Outboard % observers ) ‘
12 Level Flight 1 pilot, 1 2831, 3412 ~ 2700 & 2614, 109.7, 40 to 100
Dimpletape® FTE, 3150 109.6

Adjusted for max| observers
reduction in drag
(note 5)

Notes: 1. Pressure altitude, o, VNE are calculated for a standard day and lapse rate.
2. Gross weight of 3150 is computed allowing 50 pounds fuel burn.to initial data point.
3. Maximum airspeed tested shall be limited by VNE.
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4. Acoustic level measurement will be taken at a stabilized IGE hover.

5. An iterative spanwise and cordwise tape arrangement. The spanwise length will be determined
based on the results of the first four test lengths. The cordwise length will be adjusted to
evaluate the change in profile powerlby placing 4Dimp1etape® at different cord distances from
the leading edge.

6. W, (W/o) was calculated using standard day. Rotor RPM is varied between 95% (336 RPM),

98% (347RPM), and 101% (358' RPM) to test several aircraft loadings.
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" APPENDIX E

DIMPLETAPE® AND INSTRUMENTATION INSTALLATION
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Figure E.1 Overhead View (75% Dimpletape® Length).
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Figure E.3. Microphone Stand.
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E.4. Pilot View of HHMD Indicator.
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Figure E.5. Aircraft with Pitot Static Test Boom.

Figure E.6. HHMD Attachment Points.
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Figure E.8. Overhead Dimpletape® View (50% Rotor Blade Length).
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Figure E.10. Dimpletape® Positioned Cordwise, Forward 1” (10% Length).
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| Figure E.12. Dimpletape® Positioned Cordwise, Forward 2” (10% Length).
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Figure E.14. Dimpletape® Removal.

116



Figure E.15. Heating Rotor Blade with Hot Air Gun Prior to Dimpletape®

Application.
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GGregg Allen Deetman was bom to Gerry and Bonme Deetman in the town of Hamrlton

Ontano Canada on 21 September 1961 He graduated from Hazelwood West ngh School

St. Louis, Mlssoun in 1980 He enl1sted in the U S Navy to attend the Nuclear Power‘ ,
- School in 1980 Dunng h1s tour of duty he was stat1oned as an Engmeenng Laboratory
‘. Techmcmn on the USS Nathamel Greene SSBN 636 home based out of Holy Lock,
Scotland. In 1986 he completed h15 Naval tour’ and attended St. Louis Community College.

' He joined the U.S. Army in 1988 to attend Imtlal Entry Rotary Wing Course and graduated

' asa d1st1ngu1shed honor graduate in. January of 1989 'He served as a Mamtenance Ofﬁcerv'

| ‘ﬂymg the AH 64A Apache hehcopter H1s servrce 1nc1uded a tour to Germany (1993—

1998) and two tours to Bosma—Herzegovma (1997 1999) He earned his Bache‘lor of

Science degree in: Profess1onal Aeronaut1cs w1th Embry Riddle Aeronautlcal Umvers1ty in .

‘August of 1996. In March of 2000 he was selected for the US. Army expenmental test

pllot program Gregg graduated from the Umversny of Tennessee Space Instltute in August

. of 2001 w1th a Master of Sc1ence degree in Av1at10n Systems wrth a follow.on ass1gnment K

. to attend the U. S Naval Engmeenng Test Pllot School at Patuxent Rrver Naval A1r Statlon, |

‘ Maryland
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