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This report has been prepared by Bell Helicopter Company under the

terms of Contract DAAJO2-68-C-0095. This effort was a preliminary
. design study and analytical investigation ot an LOH helicopter.

The purpose was to establish the degree of quietening poseible and

to determine what penalties in performance and mission capabilities

are associated with the application of noise-reduction measures.

RO

3 As a result of the work accomplished, design data for four configu-
3 ratlons are presented. Two of the configurations maintain the same
2 gross weight as the baseline helicopter and are compared on the

: basis of mission useful lopad, range and endurance, and speed and/or
E maneuvering capability, versus noise reduction. The other two

= configurations maintain the payload and performance of the base

= helicopter and show required increase in gross weight to maintain

£ a comparable nolse reduction.

; The design data contained hercin are concurred in by this Command.
£ Tnis concurrence is limited to the technical feasibility and does
T not imply the practicality of the proposed design or the use of such
3 deaigns on current Army aircraft,
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SUMMARY

This report, prepared for USAAVLABS under Contract DAAJO02-68-
C-0095, presents the results of a preliminary design study and
an analytical investigation of noise-reduction measures for the
OH-58A Light Observation Helicopter. The purpose was to estab-
lish what degree of quieting is possible and what penalties in
performance and mission capabilities are associated with the
application of noise-reduction measures.

Design data are presented for four configurations. Two are
test/demonstrator versions suitable for a l0-hour test program

. to verify the predicted noise reductions. The primary test
configuration has modified main- and tail-rotor blades, reduced
rotor speeds, a four-bladed tail rotor, and engine-exhaust
silencers for maximum practical reduction in perceived noise
level. The alternate test configuration has main-rotor blades
that are further modified for additional noise reduction.

On both test configurations, noise reduction degrades perfor-
mance. The quieting features result in 6- to lb-percent
increases in empty weight. If gross weight is increased so
as to retain the OH-58A's mission useful load, range and
endurance are unaffected, but hover ceiling, maneuvering
capability, and speed are degraded. Reducirg the fuel load
to preserve the hover ceiling degrades endurance and range.
Further reducing useful load to improve speed and/or maneu-
vering capability increases hover ceiling but substantially
reduces payload, endurance, and range.

The other two configurations show the redesign and the increase
in weight necessary to give an operational LOH the performance
and payload of the OH-58A. Their noise levels are similar to
those of the test/demonstrator versions. The quieting fea-
tures result in 15- to 27-percent increases in empty weight.

:
5

Perceived noise levels are affected by the helicopter's flight
conditions and gross weight and the observer's aspect and dis-
tance. Perceived levels 200 feet from the test configurations
at design gross weight are at least 5 PNdb, and as much as 13
PNdb, lower than those of the OH-58A. The minimum level at
this distance is 77 PNdb. At 4000 feet the reductions are
greater--ranging from 10 to 26 PNdb, for a minimum perceived

. noise level of 28 PNdAb. The resulting noise levels are still
above the initial design goals by 12 and 8 PNdb, respectively.

Design data, performance, and noise levels for all the study
configurations are summarized (Tables XIII and XXXIV through
XXXVI1). A program of design modification and tests to con-
firm the predicted noise reductions is presented.
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I. OBJECTIVES AND APPROACH

The objectives of this study were to delineate the characteris-
tics and parameters that would yield the highest practicable
degree of quietness in an operating light ohkservation
helicopter, and to compare the predicted ; . formance of the
quiet helicopter with that of an operating helicopter without
the quieting features. The helicopter selected for the study
is the OH-58A. The initial design objective was a noise level
of 65 2Ndb at a ground range of 200 feet and 20 PNdb at 4000
feet. The details and the costs of a 10-hour test program
were also to be determined.

The approach to the problem began with a review of state-of=-
the-art designs and techniques for noise reduction. Data on
the OH-58A and the Bell Model 206A were analyzed to determine
octave-band and narrow-bandwidth sound-pressure levels. These
levels were then compared with the noise levels predicted by a
theory that had been developed by Wyle Laboratories for USAAV-
LABS. The theory includes the calculation of the rotational
noise that arises from steady and oscillatory aerodynamic
airloads. It has been refined to include higher harmonics

of rotational noise and broadband rotor noise and has been
extended to the calculation of sound-transmission losses and
perceived noise levels. The noise that had been measured on
the OH-58A and the Model 206A was compared with that predicted
by the theory, and correction factors were used to correlate
the two. On the basis of the corrected theory, means to reduce
the observed noise, to the desired levels if possible, were
applied. 1In this way, the theory was used to predict the
changes in the noise that would result from altering the param-
eters of the helicopter.

Some of the variations of the OH-58A that were considered are:

Main Rotor: tip speed, number of blades, tip shape,
diameter, chord, thrust

Tail Rotor: tip speed, tip shape, planform, number of
blades, diameter, thrust, chord

Engine and Drive System:
exhaust silencing

compartment treatment,

It was found that all three sources of noise--the main rotor,
the tail rotor, and the engine and drive system--must be
treated to achieve the maximum of noise reduction. The design
must be ''balanced' in such a way that all sources of noise are
quieted. 1In a practicable, balanced modification of the
OH-58A, the overall perceived noise levels are reduced the most
when the tip speed of the main rotor is reduced to 600 feet per
second and that of the tail rotor tc 530 feet per second, with

1
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tail-rotor-tip modifications and an engine-exhaust noise
reduction of 15 db. These are the essential parameters used
in the design study for the primary test coufiguration,

Although a method for including the effects of impulsive and
modulated noise in the calculations was noct available, limited
test data show that a modulated tone 6 db below an unmodulated
tone may give the same effective perceived noise level. The
modulated noise of the OH-58A's main rotor cen be lowered by

6 db by reducing the tip speed to 530 feet per second. By
uging modified UH~1 blades, this tip speed can be made practi=-
cable. Therefore, on the alternate test configuration, such
blades are adapted to use on the OH-S58A.

The basic conditions established for the modifications of the
OH=-58A were:

- Maximum attainable noise reduction

- Minimum practical cost

Some sacrifice of maneuverability

Adequate saiety and performance

Since the performance of the configuretions was expected to be
degraded by the quieting measures, two operational configura-
tions were defined in order to determine the extent of the
redesign and the increase in the weight that would be necessary
to maintain the performance, payload, and maneuverabil- -ty of
the OH-58A. The noise levels of the operational configurations
were to be similar to those of the test configurations.

Finally, a test program to verify the predicted noise reduc-
tions and to provide a sound basis for noise-reduction changes
to light cbservation helicopters was developed.
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1. E_ANALY ND_CORRE ON
A. INIRODUCTION

A comprehensive noise analysis is developed which, when com-
pared and adjusted to the actual recorded noise of thg OH-584A,
predicts with an accuracy of :4 PNdb the perceived noise

level. Noise-reduction techniques and designs, based on a
study of the technical literature, are applied to the OH-58A.
The noise generated by the projected quiet LOH is then compared
with that of the OH-58A.

The noise analysis is comprised of both measured data and
theoretical predictions and was performed at Bell Helicopteg
Company, except for theoretical work done by Wyle Laboratories,
Huntsville, Alabara, under subcontract to BHC. This analysis
treats three sources of noise: the main rotor, the tail

rotor, and the engine/drive system.

B. PROBLEM AREAS

Problem aireas pertinent to the interpretation and evaluation
of the subject study are outlined below and are discussed in
more detail in later sections.

- Perceived Noise Level Calculation

Noise levels are calculated using the procedure
established by Kryter and Pearsonsl to obtain the
perceived roise level in PNdb. The use of these
procedures results in some potential errors. The
noy tables do not include the two lowest preferred
octave bands. Since the low rotational-noise
harmonics of the OH-58A main rotor fall into these
octave bands, extrapolations are necessary. The
extrapolated values are given in the test. 1In
addition, errc¢rs inherent in the noy tables become
significant when evaluating relatively low values
of PNdb, such as helicopter far-field conditions.
For example, the lowesst obtainable value using this

method is 23.2 PNdb compared with the target design
value of 20.0 PNdb,

- Noise Correlation for Entire Helicopter

In establishing the correlation between measured and
calculated perceived noise levels for the complete
helicopter, empirical adjustments are required.
Factors not explicitly accounted for in the analytical

procedures which could contribute to this requirement
are:
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inflow disturbances to the tail rotor, and
main-rotor and tail-rotor interference
noise at forward airspeeds

- wake and tip-vortex disturbances from
preceding blades

- 1increase in engine noise with power

These are the factors to which it is most diffie-
cult to ascribe meaningful results.

- Sound Directivity Effects

Rotational and broadband noise producce a dipole
pattern with nodes or seminodes occurring in the
plane and along the axis of the rotor. Thus,
according to theory, an observer in the plane of

the rotor would be subjected to relatively low
noise. Correlation work has shown that the theory
does not accurately predict the sound-pressure level
in these regions. Since noise-level calculations

in these regions are required, this discrepancy has
significant implications with regard to the correla-
tion studies.

C. ROTOR NOISE

The procedure used in the development of the calculation of
helicopter rotor noise is given in Table 1. The numbered

steps relate to the flow chart in Figure 1 and are discussed
below.

1. Rotational Noise

The calculation of rotational noige is based on the theory
developed by Lowson and Ollerhead4 and considers both steady
and oscillatory airloads acting on the rotor blades. The
calculation also includes a method to estimate the harmonic
airloads. Rotational noise is calculated in four steps:

- First, the amplitudes of discrete-~frequency
rotational-noise harmonics are calculated up
to the frequency of the harmonic whose number is

m = 60/B(1l + Me) (L

- Second, the amplitudes are calculated for those
higher harmonics necessary to accurately predict
the sound- pressure level in the octave band whose
center frequency, f., is closest to the frequency

i of the harmonic whosSe number is m = 60/B(1 + M,).

4




TABLE 1. STEPS IN DEVELOPMENT OF
ROTOR-NOISE CALCULATION

1. Calculation of rotational-noise harmonic levels
through m = 60/B(1+Me) (Equations 2 through .3)

2. Prediction of harmonic levels above m = 60/B(l#M;)

3. Subtraction of atmospheric and terrain losses from
the calculated sound-pressure levels (Equations 18,
19, 20, and 21)

L, Calculation of octave-tand levels for rotational
noise

5. Calculation of peak level I ° ..adband noise
(Equation 14)

6. Calculation of characterisiic center frequency of
broadband noise (Equation 15)

7. Calculation of directivity correction for broadband
ncise (Equation 17)

8. Calculation of spectral distribution of broadband
noise (Equation 16)

9. Correlation with narrow~bandwidth analyses cof
OH-58A hover data

10. Determination of power-law exponent, correlation length
11. Calculation of octave-band levels for combined noise
12. C:.nversion of octave-band levels to perceived noise
level (Equations 22, 23, and 24 and Table III, plus
noy tablesl)
13. Correlation with OH-533A hover and flyover data

14. Addition of empirical adjustments for noise level of
entire aircraft (Table VII)
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- Third, the octave-band levels of rotational noise
are computed for bands up to and including the
band containing f-

- Fourth, levels in all higher octave bands are !
calculated on the basis of the level in the band :
containing f£..

a. Harmonic Levels up tom = 60/B(l + Ma2

The specific equations used by Lowson and Ollerhead for the
sound -pressure amplitude, Cp, due to the steady and oscillatory
thrust, drag, and radial forces acting on a blade are

¢ = fa T+ )2 (2)
m \/ mB, X mB,

»=0

where, when mB-% is odd,

J +(-1)XJ

a mB~X

o xa
mBul { XT( mB+X)

mB , A ujaor ry

a
AD I
" RBM L. SERY:

- The {3 J -3 3
Irl mB-A+1l “mB.~ 177 ( mB+A+L° mB+k-l)}

(ma-x-l )
(- (3)

4Ard when mB-\ 1is even,

] _ __mBg %Xbxr
mB,\ hnaorl r

(JmB-l—('l)KJmB+X)

%y p
mBMe

; 2 5
- { (mB-2)3 5, (-1 (mB+1) 3 g b
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(mB-K-Z)
-1y 2 )
where, when mB-\ is even,
Id
_ mBR ) AT A '
me,k - hnaorl { r, (JmB—x+(_l) JmB+)\)
a\p A
- Eﬁﬁ: <(m8'))JmB-x*(—l) (mB+K)JmB+X}
¥b ¢ A
T I, {Jma-x+1‘JmB-x-1‘(‘l) (JmB+x+1-JmB+x-l»}
: (mB-x)
| -1t T sy
: and when mB-\ is odd,
xb
_ mBS2 AT A
me,x ~ bra_ry { r, (JmB-)"("l) JmBﬂ)
: _ 2D {(ma 23 (-1)" (mB+1)J
; mBM_ Y mB-AT T mB+x}
| Ya ¢ 2
T Iy <JmB-)+l-JmB-A-l+(-l) (JmB+X+l'JmB*K-l»}
<mB-l-l)
(-1y < (6)

This is the magnitude of the sound pressure of the mth har-
monic from the complex magnitude given by Lowson's and
Ollerhead's Equation 37. The effective Mach number is given
by

Me = th 7))

and the limiting value for the summation is given by
L = mB(1+M)) (8)
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The argument of all the Bessel functions is mBMey/r).

Equations 2 through 6 show that a wide range of aerodynamic
loading harmonics countributes to any one sound harmonic.

In fact, the higher the sound harmonic, the greater the
number of the aerodynamic harmonics. The theory assumes that
the blade loads are concentrated at a single point on the
blade, and that chordwise airlcad variations are of importance
only for source fregquencies having wavelengths that are small
compared with a blade chord.

The amplitude of the aerodynamic loading terms in Equations
3 through 6 is

& (r.p.cy = (ToD,OIL A “cosre (9)

. k.
b),(T,D,C) = (T,D,C)lC) sin)i¢ (10)

where T, D, and G are the steady values of total rotor thrust,
total effective drag of all blades, and radial force at an
effective blade -loading station m, respectively; X is the
order of the loading harmonic; lo is a correlation length; and
k is the exponent of the power law. Values for n, l¢e, and k
are determined by correlation studies.

The angle, »¢, is given by

AP

-y
rarc tan[_x <5 ig 7 s<Tn id] (11)

and the values of D and C are calculated from
D = Q/R (12>
C = Tsinf (13)

b. Harmonic Levels Greater Than m = 60/B(l+@e)

A method was developed to predict harmonic noise levels above
the limiting value of m = 60/B(1+M:). Instead of calculating
each harmonic, the tctal sound-pressure level of harmonics
within a given octave band is computed. The octave-band levels

are then assumed to follow the same power-law exponent as used
in computing the low harmonics.

c. Calculation of Octave-Band Levels

Octave-band levels of rotational noise are computed from the
levels of the discrete-frequency sounds, assuming a filter
shape. The assumed shape is shown in Figure 2.

9

R R PRI T

PRRRTETTNS




~~
]
(3]
“
A
B
=z
=
o

LEVEL - db RE LEVEL AT CENTER FRE

\ -24db/0CTAVE

uj

FREQUENCY - Hz

Figure 2, Assumed Filter Shape for Octave-Band-Level
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The upper and lower cutoff frequencies, £, and flj, are
taken to be the 3-db-down points; f.s; is tlhe center frequency
of the jth octave band, and the filter skirts are assumed to
drop off at -24 db per octave. The harmonics falling in the
flat portion of the filter are unaltered. Those falling out-
side this flat portion are attenuated an amount determined by
their frequency in relation to the center frequeucy of the
band and the filter shape.

The assumed filter shapes for the eight preferred octave bands
are shown in Figure 2. The number of sound harmonics necessary
to accurately calculate the level of an octave band centered at
fc is equal to the sound harmonic number whose frequency is
equal to 2/2 (f.). At this frequency, the relative level is
-27 db compared to the flat portion of the filter, and the
contribution of harmonics higher than this frequency is
negligibly small.

2. Broadband Noise

It was found early in the development of the noise analysis
that, although rotational noise was rigorously treated, it was
necessary to include broadband noise in order to correlate
measured and calculated main-rotor noise. In the calcula-
tion of perceived noise level, it was also found that
main-rotor broadband noise results in the maximum noy values
attributed to the main rotor, not only for noise at a ground
range of 200 feet but also at a range of 4000 feet. Because
of the importance of this to the results of the study, the
validity of existing broadband-noise prediction methods was
reviewed, and new formulas for center frequency, spectral
distribution, and directivity were derived and included in the
prediction method. The derivations were performed by Lowson.3

The principal equations for broadband-noise calculation are
discussed below.

a. Peak Sound-Pressure Level

The calculation of the peak sound-pressure level of broadband
noise &s based on an empirical equation given by Schlegel

et al. For a range of 500 feet and an angle of 20 degrees
below the rotor axis, this equation is

dbSOO = 20 loglOVt + 20 1°glOT - 10 1ong - 43 (14)

where V. is the tip speed, T is the thrust, and S, is the blade
area. fevels at other distances are calculated assuming
spherical spreading of sound.
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b. Characteristic Center Frequency

The center frequency, which is the frequency at which the
peak sound-pressure level occurs, is given by

£, = V,/KR (15)

where R is the rotor radius, Vi is the tip speed, and K= 0.035,

c. Spectral Distribution

The peak sound-pressure level is multiplied by a spectrum
shape factor, Sp, to calculate octave-band levels. The
spectrum shape factor is

1+ (1+Mt)2 f22 1+ (1.Mt)2 f12
In v - 7
L+ (-MD° £,° 1+ aemM)” £
1+M
1n t
1'”t

where f} and f7 are the octave-band frequency limits divided
by the center frequency, f,, and My is the rotational tip
Mach number. Equation 16 shows that the gpectrum broadens as
the Mach number is increased.

d. Directivity

Broadband noise is maximum on the axis perpendicular to the
rotor plane and minimum in the plane of rotation. If a dipole
distribution is assumed, a null or zero noise is predicted in
the plane of rotation. This null can be removed, and the
directivity can be accounted for by adding an increment in
level, d, in decibels, calculated by

2
_ cos € + 0.1 .
d = 10 loglo[cosz 0° + 0 1] 7 (17)

where & is the angular position of the observer from the rotor
axis. This increment is normalized to the 20-degree angular
position to allow direct uase of Equation 14 with the direc-
tivity term simply added.

D. ENGINE AND DRIVE-SYSTEM NOISE

1. Introduction

Experimental data were used to determine engine and drive-
system sources which would require noise.reduction treatments.

13

AT T TR T

g hiodi o e




Ground tiedown tests were conducted and narrow-band frequency
analysea were made in order to find sources that would produce
levels high enough to add significantly to the perceived noise

level.
2. ise Sources

Noise spectra of the Allison Model T63-A-SA engine installed
in a Bell Model 206A helicopter are shown in Figures 4 and S
for azimuth positions ¥ = 0 and 150 degrees, respectively.

The installation is nearly identical to that of the OH-58A
except that inertial dust separators are not installed in the
206A inlet. Drive shafts forward of the engina and aft of the
fan were removed for the test.

The ma jor noise sources are generally broadband in character,
but there are also discrete-frequency tones. At low frequen-
cies, there is in evidence a tone at a frequency of about 100
Hertz which is the fundamental of the engine output rpm. Its
source is not explicitly known, but it is either the engine-
transmigsion output gear or shaft, the shaft and bearings

- between the engine and the engine-transmission oil-cooler fan,

or the fan. Broadband noise emanating from the engine exhaust
peaks at a frequency of about 270 Hertz and at about 1200
Hertz. Levels of these sources are high, with maxioum ampli-

tudes occurring aft.

Between the peaks of exhaust noise is another source at 600
Hertz. This noise is broadband in character to the front and
sides of the helicopter, but it is a discrete tone aft of the
helicopter. The probable origin is either the engine exhaust
or the exiting flow of the oil-cooler fan. At high frequen-
cies, the principal tones in evidence are at 3400 Hertz and
between 8000 and 16,000 Hertz. The 3400-Hertz tone is
associated with the oil-cooler fan's vane passage, and the
latter peaks are associated with engine-compressor blade-
passage fundamental tones and harmonics.

Other drive-system noise sources which have been identified

are the gear contacts of the main-transmission planetary gears,
the main-transmission input-drive pinion, and the engine-
transmission power-output-shaft gear. At a distance of 100
feet, these sources are attenuated by the cowling and masked.
If engine-exhaust noise is substantially reduced, however,
these sources may become important at short distances. There-
fore, provisions for evaluation of their contribution and
possible cowling trecatment are desired in the test aircraft.

Other aspects of engine noise which have been investigated
are the effegt of rpm and engine power. At flight-idle
power, reducing engine rpm to 50 percent reduces engine noise

14
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by 7 to 8 PNdb. No significant increase in engine noise is
evident for variations of engine power. 1In addition, the ]
basic frequency distributions shown in Figures % and 5 do o iy
not substantially change.

3. Combined Noise

In the calculation of the combined noise of the helicopter,
the prediction method uses octave-band sound-pressure levels
of engine and drive-system noise as measured on the ground at
a distance of 100 feet from the helicopter. The engine is

at 98 percent of normal output rpm and at flight-idle power
setting. The levels are corrected for sound-transmission
losses to the retarded distance of the helicopter. 7The
measured noise levels are shown in Table II for fifteen
bearings around the helicopter. The azimuth distribution of
engine noise is presented in Figure 6.

E. SOUND-TRANSMISSION LOSSES

Five effects attenuate or modify the sound that actually
reaches a ground listener:

- Spherical spreading

- Atmospheric absorption

- Refraction due to wind and temperatu—e gradients
~ Ground-cover attenuation

- Turbulen- scattering

The prediction method iucludes calculations of four of these
effects. Of these, splerical spreading and atmospheric
absorption are the largest. Atmospheric absorption has the
greatest variation with frequency and the largest effect on
high-frequency noise at long range. Ground-cover attenuation

is significant, but only at low elevation angles of the source
relative to the observer.

1. Spherical Spreading

The helicopter is considered to be a point source, and its
total sound power, radiated through an expanding spherical -,
wave front, 1s taken to be constant over the surface of the .
sphere. This is considered to be valid in the far field,
at sufficiently large distances from the helicopter in the
air and out of ground effect. For an ideal medium, tne
change in sound-pressure level, ASPL, is
R2
4SPL = -20 log,, R, (18)
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between any two distances, such as R} and Rz. In the pre-
diction method, retarded distances are used. For a doubling
of distance from a helicopter in a hover, the equation gives
a sound-pressure-level reduction of 6 db.

P 2. Atmospheric Absorption i

Attenuation of sound waves due to absorption by the air is

composed of two parts: classical absorption due to viscous

and heat-conduction effects and molecular absorption. Of ;
these two, only molecular absorption is important in the :
audible frequency range, classical absorption being about an !
order of magnitude less than molecular absorption at 10,000 - i
Hertz.

Sutherland et al.> give an expression for molecular absorption
based, on expzrimental_data and theory discussed by Wiener and
Keast® and by Kneser.7 For sea-level-standard conditions i
of 59°F temperature, l4.7 psi pressure and 50 percent relative i
humidity, this expression is : 4

1/2 ;
1.43 x 107 7¢2 ]} (19) j

R! 6,2
@ | = 292.0 youp §C4-81 x 107 £)%4
mol { [1 + 7.14 x 107887

G AR T S

i where a'p,] is the molecular absorption in -db, R' is the
: distance from the observer to the retarded position of the
helicopter, and £ is the frequency of the sound.

§ 3. Ground-Cover Attenuation i 3

. To date, the most definitive data gathered under accurately . E

! measured atmospheric conditions appear to be those presented : :

i ‘by Wiener and Kegst and the preliminary data presented by

] Guest and Adams. The excess attenuation for downwind
propagation is presented in Figure 7. These data have been

: corrected to remove the effects of spherical spreading and : 3

i molecular absorption. '

LMoy

é The data are approximated by the equations

; C ag = 0, for fr < & x 10° Hz-fv (20) L
g and -
: a, = 10 log, —X—s for fr 24 x 10° Hz-ft (21)
% g€ %10 4 x 10 - :

There are differences in the 300- to 600-Hertz band where
some measurements show a substantial increase in excess
attenuation at low wvalues of fr. They may have some
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relationship to heights of the source and the microphone
above the surface or to variations in ground impedance with
frequency.

4. Turbulence Scattering

The propagation of sound waves is influenced by small-scale
turbulence in the atmosphere through a process of refraction.
The main effect is to fill in gaps in the sound directivity
patterns by refracting sound into the dead regions. The
approach taken is to consider this eZfect only at radiation
angles slightly above the rotor disc, where a sharp reduction
‘in directivity is theoretically predicted for low-order sound
harmonics.

F. PERCEIVED NOISE LEVEL

.
e BT o

Calculation of the perceived noise level is based on the pro-
cedure and tables given by Kryter and Pearsons.l Their tables
do not extend below 50 Hertz, and since the low main-rotor
harmonics occur below this frequency, it is necessary to
extrapolate the noy values for the two octave-bands centered
at 16 and 31.5 Hertz. These extrapolations are shown in
Figure 8, and the noy values derived from these curves are
given in Table III.

R s G m N e

The perceived noise level is calculated by converting the
sound-pressure level in each octave band to its corresponding
noy value (Ny). The quantity Ny is then defined by the
relation

(/10
Ny = N + 0.3 kil N ) -N (22)

!

where Npax 1s the largest noy value for all the octaves
(largest value of Ng).

The ten preferred octave bands having center frequencies
from 16 to 8000 Hertz are used. The perceived noise level
(PNL) may be obtained from

FEPTCOUP O (AT WO UK LI HLTR T TR T R

PNL

Lo + 33.3 loglo Np , for NT 21.0 (23)

and

PNL

]}

16.1L N, + 23.2 , for Np <1.0 (24

T

Equation 24 is obtained from Figure 9, which shows the exten-
sion of perceived noise level for values of Ny less than 1.0.
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TABLE III.

CENTERED AT 16 AND 31.5 HERTZ

EXTRAPOLATED NOY VALUES FOR OCTAVE BANDS

Sound - Octave

Pressure (Hz)
Level

(db)* 16 31.5
59 -
60 -
61 - -
62 - 0.1
63 - 0.2
64 - 0.3
35 - 0.3
66 - 0.4
67 - 0.5
68 - 0.6
69 - 0.7
70 - 0.8
71 - 0.9
72 - 1.1
73 - 1.2
74 - 1.4
75 - 1.6
76 - 1.8
77 - 2.1
78 0.1 2.3
79 0.2 2.6
80 0.4 2.9

1 0.6 3.2

82 G.8 3.6
83 1.0 4L.,0
84 1.2 4.5
85 1.4 5.0
86 1.7 5.6
87 2.0 6.2
88 2.4 6.8
89 2.8 7.6

Sound - Octave
Pressure (Hz)
Level
(db)* 16 31.5
a0 3.2 8.3
91 3.6 9.0
92 4.1 10.C
93 4.7 11.0
94 5.3 12.0
95 6.0 13.0
96 6.6 14.0
97 7.4 15.0
98 8.3 16.0
99 9.2 18.0
100 10.0 19.0
101 11.0 21.0
102 12.0 22.0
103 13.0 24.0
104 14.0 26.0
105 15.0 28.0
106 16.5 30.0
107 18.0 32.0
108 19.0 35.0
109 20.0 37.0
110 22.0 40.0
111 24,0 42,0
112 26.0 45.0
113 28.0 48.0
114 30.0 52.0
"15 32.0 56.0
116 34.0 60.0
117 36.0 64.0
118 38.0 68.0
119 40.0 72.0
120 43.0 77.0

*re 00,0002 dyne/cm2
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Figure 9 also shows that when Np is zero, the perceived

nolse level is 23.2 PNdb. By definition, a noy value of zero
is equal to zero PNdb. Thus, the perceived noise level
calculation is invalid below 23.2 PNdb.

Since the lowest noy value in Kryter and Pearson's tables is
0.1, the minimum value obtainable for this study is 25.0
PNdb. This is adequate in the sense that the ambient noise
in most remote areas will exceed these low levels, but this
method negates the possibility of calculating the desired
perceived noise level of 20 PNdb.

G. CORRELATION

The noise analysis predicts the noise of the OH-58A in hover

or in steady-state forward flight at an altitude of 200 feet
above ground level to within an accuracy of #4 PNdb measured

at a ground range of 200 feet from the helicopter. Within the
limitations of the available test data and of current tech-
niques to test and to isolate noise of each source in a complex
sound field, this analysis should satisfactorily estimate
OH-58A noise at a ground range of 4000 feet, and should give a
reasonably accurate comparison of OH-58A noise with that of

the quiet helicopter.

This section presents comparisons between calculated noise data
and two sets of measured data. The first set consists of data
measured while the OH-58A hovered and flew over and by the
microphone at an altitude of 200 feet. The second set consists
of measurements of a Bell Model 206A helicopter on tiedown.

1. Noise Measurements

Hover, flyover, and flyby data were recorded at four headings
of the helicopter as shown in Figure 10: O degrees (head-on),
90 degrees (left side), 180 degrees faft), and 270 degrees
(right side). Hover recordings were taken for time periods
of 10 to 20 seconds while the helicopter was in a steady-state
hover, except for control movements required to maintain the
helicopter over the spot. The noise produced during steady-
state flyovers and flybys was recorded at airspeeds of 45,
102, and 113 knots and a gross weight of 2960 pounds. Table
IV shows the OH-58A overall and octave-band sound-pressure
levels measured during these tests. -

During tiedown tests of the Model 206A, noise measurements
were made of the engine, the main rotor and engine, the tail
rotor and engine, and the complete helicopter. The chjectives
of these tests were to isolate the various noise sources and
to check the predicted noise trends for each source, particu-
larly with respect to tip-speed reduction. At the same time,
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these tests provided a means for defining the contribution of
the engine to the complete noise. Tests were conducted with
very low wind conditions (0 to 3 mph) and very low background
noise levels. Measurements were made for a variety of con-
ditions, including zero to normal thrust of the main and tail
rotors, and at different azimuth positions around the
helicopter.

Six-percent narrow-bandwidth ana'yses of these data were made. 3
Figure 11 shows the frequency spectrum of the main rotor and '
engine. Rotational-noise harmonics dominate the low end of
the spectrum. Harmonics up to tiie nintii can be identified. j
The remainder of the spectrum consists of broadband noise
components. The component centered at about 270 Hertz is
primarily engine-exhaust noise.

Figure 12 shows a similar narrow~bandwidth analysis of the
tail-rotor-and-engine noise data. Rotational-noise harmonics
up to the seventh can be identified. The other harmonics are
masked by engine-exhaust noise.

2. Comparisons Between Measured and Celculated Noise

a. Main Rotor

The measured and calculated levels of main-rotor rotational-
noise harmonics are compared in Figure 13. Good corre.ation
is achieved up to the eleventh harmonic. Above the eleventh
harmonic, the increase in measured harmonic levels is not
predicted. One reason for this is the presence of other noise
components in this frequency range, notably main-rotor broad-
band noise, which adds to the levels of these high harmonics.

The calculated rotational-noise levels of the main rotor are
based on the following parameters:

k = 2.5
lc = 0.7
n=0.8

where k is the loading power-law exponent, l. is the correla-
tion length, and 7 is the point loading station.

The theory predicts reasonably well the variation of main-
rotor rotational noise with tip speed. This is shown in
Figure 14. The measured noise harimonics are summed and com-
pared with those calculated. The predicted rate of noise
decrease with tip speed is verified by the measured data.
However, theoretical predictions of the absclute levels are )
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approximately 11 db too low. This was found at small angles
relative to the rotor plane.

The variation ¢. rotor broadband noise, which is most
impertant for the mair rotor, was not determined because of
problems in distinguishing it from engine noise. The analysis
that could be made indicates that its magnitude directly
beneath the rotor (in an overhead hover) is underestimated,
but that its order of magnitude at angles of 45 degrees and
at 0 degrees (in the plane of the rotor) is about the same

a8 theory predicts. No gross errors were determined in its
variation with tip speed, but the data are not conclusive.

Vb, Tail Rotor

Figure 15 shows a comparison of measured and calculated tail-

“"rotor rotational-noise harmonics for positions forward and
aft of the helicopter. The major characteristic of tail -rotor
noise is that the measured harmonic levels do not decrease
uniformly as predicted. This may be caused bty inflow dis-

" “turbances from the main rotor and by the proximity of the tail
boom and fin. One important area where the correlation is
seen to break down is in the prediction of the second har-
monic, which is higher by an average of 2 db than the first
and is 5 to 6 db above the calculated level.

g

The irregular falloff in harmonic level is more pronounced at
the sides of the helicopter, as shown in Figure 16. The cal-
culated levels represent a reasonable compromise. ;

The calculated rotational.noise levels of the tail rotor are E
based on the following parameters:

k = 2.0 ]
lc=0.7
n=0.9

The value of n = 0.9 is used for the tail rotor to take into
account the effects of untwisted blades. Untwisted blades
tend to be loaded more heavily toward the tips than twisted
blades; consequently, the point loading station for tail
rotors is assumed to be further ouvcboard than for main rotors.

As in the case for a main rotor, the theory predicts reasonably

well the variation of tail-rotor rotational noise with tip

speed. This is shown in Figure 1l7. For ¢ = 150°, the pre-

dicted levels are within 3 db of the measured levels for .
normal hovering thrust. However, at low thrust, theory !
underestimates tail-roto~ noise by approximately 14 db. ! :
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¢. Complete Helicopter

Measured octave-band sound-pressure levels of the OH-58A are
compared in Figures 18 through 23 with the total calculated
levels for the main and tail rotors. Engine noise and
empirical corrections are not included. The perceived noise
levels calculated from these data are also shown. For hover
and & = O degrees, Figure 18 shows that the calculated levels
agree with the measured levels for the fourth through the
eighth octaves. Main-rotor noise in the first octave is
underestimated by about 5 db. Tail-rotor noise in the second
and third octaves is underestimated ty 6 to 9 db. However,
the measured and calculated perceived noise levels agree
within +1 PNdb, because the perceived no’'se level at this
distance is determined by the noise in the high octaves, where
measured and calculated levels correlate well. At ¢ = 90 and
270 degrees, Figures 19 and 20, respectively, theory also
underestimates the noise of the tail rotor. In addition, it

“underestimates high-frequency noise at ¥ = 90 degrees, but

overestimates it at V¥ = 270 degrees.

Noise comparisons are given in Figures 21, 22, and 23 for fly~
over airspeeds of 45, 102, and 113 kuots, respectivealy. Calcu-
lated and measured sound-pressure levels do not compare very
well. The noise levels in the octave bands centered at 250,
500, and 1000 Hertz are underestimated by as much as 17 db.
Similarly, main-rotor rotational noise in the octave bands
centered at 63 and 125 Hertz is underestimated by as much as

9 db. The perceived noise levels reflect this discrepancy to
some degree, but they indicate a difference of only about

9 PNdb for the worst case.

3. Bmpirical Corrections

In establishing correlation of the analytical approach with
the measured noise level, it was found that significant
adjustments were required. Several factors that are not
accounted for in the theory could make these adjustments
necegsary (Section II.B):

- Inflow disturbances to the tail rotor

- Main-rotor and tail-rotor interference noise
at forward speeds

- Rotor-vortex interference from preceding blades

- Increase in engine noise with increase . power
Considerable effort was expended in evaluating .his discrep-
ancy and in determining empirical correlation factors.

To obtain analytical correlation with measured data in forward
flight at 200 feet, by making corrections to the rotor source
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oniy, additi-ns to tail-rotor noise on the order of 25 to 35
dh are required in the octave bands centered at 250, 500, and
1000 Hertz. Although these bands cerrespond to those for
tail-rotor rotational noise, this magnitude of correction
seems unreasonable. The engine noise is also the loudest in
the octave bands centered at 250, 500, and 1000 Hertz. It
was estimated that in order to obtain correlation, the engine-
component~noise test data taken at low power would have to

be corrected in these three octaves on the order of 10 db for
the horsepowers used in the flight tests. Finally, the
approach was evaluated to make empirical corrections to the
main and tail rotors limited to the differences between the
theory and the rotor-component test data, and the remaining
discrepancy was made up with corrections to engine noise.

This gives three different methods for correlating the theory
with the measured noise of the complete helicopter:

- Corractions added tc mai.- and tail-rotor
rotational noise only, Table V

-~ Corrections added to engine noise only, Table VI

~ Correc*ions added to both main- and tail-rotor rota-
tional noise and engine noise, Tables VII and VIII

The perceived noise levels calculated for the OH-58A using
the three methods are given in Table IX. After analyzing
the accuracy of the three methods, the third one (using
corrections to rotor noise and engine noise) was determined
to be more practical for representing the Jifference between
the theory and the measured data. Therefore, the empirical
corrections in Table VII are used in the remainder of the
study for predicting the noise levels of the different
configurations.

The orders of magrnitudc of the empirical corrections required
for main-rotor noise at angles near the plane of the rotor
and for tail-rotor noise, particularly at zero thrust, are
much greater than desired. The need for such large correc-
tions points out important areas in which insufficient data
are available and in which current theory is inadequate, but
these are the best data currently available for this study.
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TABLE V. ROTOR CORRECTIONS TO RE ADDED TO
ROTOR- ONLY CORRELATION
Sound db to be added at
Distance (Velocity Harmonic azimuth of:
i (ft) (kt) (mB)
Mc.n Rotor 0°, 180° 90° 270°
Hover All 0 0 0
Ls 2-6 3 3 3
8-10 5 5 5
> 12 6 6 6
200 102 2-6 6 6 6
8-10 7 7 7
> 12 8 8 8
113 2-6 8 8 8
8§-10 10 10 10
> 12 12 12 12
( 4000 All 2-6 12 12 12
| 8-10 13 13 13
> 12 14 4 14
E Tail Rotor
E Hover 2 6 0 3
i L-8 10 5 10
10-16 6 5 8
> 18 0 2 4
: 45 2 8 5 7
: L-8 14 11 13
: 10-16 12 9 10
: > 18 10 6 8
200, %0001 o9 2 12 1, |13 '
; Loy 18 18 25
F 10-16 15 22 21
=‘ > 18 10 15 15
113 2 17 15 17 !
4-8 20 22 27 k.
: 10-16 15 24 21
| > 18 11 17 15
| L -




TABLE VI. ENGINE CORRECTIONS TO BE ADDED TO
ENGINE-ONLY CORRELATIONS

Azimuth Octave Band (Hz)
(deg) 16 31 63 125 250 500 1000 2000 4QOO 8000
0, 90, 270 0 0 5 10 11 10 4 2 0 0
180 0} 0 5 8 8 6 0 0 0 0
TABLE VII, ROTOR CORRECTIONS TO BE ADDED TO
ROTOR-AND-ENGINE CORRELATION
Sound b Lo be added at
Distance Veleccity Harmonic azimuth of:
(ft) (kt) (mB)
Main Rotor 0°, 180° 90°, 270°
200 Hover and All 0 0
forward
flight
4000 Hover and 2-6 12 12
forward 8§-10 13 13
flight z 12 14 14
Tail Rotor
Hover 2 10 0
4 12 6
6-18 11 5
> 20 7 4
200, 4000
4s, 102, 2 17 17
113 kt L 22 22
6-8 13 13
10-16 11 11
> 18 7 7 ;

TABLE VIII, ENGINE CORRECTIONS TO BE ADDED TO
ROTOR-AND-ENGINE CORRELATION

Azimuth Octave Band (Hz)
(deg) 16 33 67 125 250 500 1000 20G0 LOOO 8000

All 0 0 2 5 5 5 2 0 0 0
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ITT. NOLSE-REDUCTION TECHNIQUES

Design techniques for noise reduction other than those tnat
could be examined theoretically were reviewed. Tne concepts
that were reviewed iuclude:

- Reduction of the noise caused by the proximity
of airframe structure

- Use of a regenerative engine
- Unloading of the tail rotor

- Use of a wing to permit tilting the rotor forward
to reduce blade-wake interactions

- Modifications of the blade tip and planform

The proximity of aircraft structure to rotors may cause an
increase in noise. The possibility that the vertical fin

of the OH-58A might thus increase tail-rotor noise was
considered. The effects of removiong the fin were investi-
gated during the Model 206A component-noise tests, and they
were found to be insignificant except when thrust was low
(Figure 24). Therefore, no attempt was made to relocate the
fin or to change the fin-to-rotor distance.

Measurements reported by Prevozaik? indicate that the noise
reduction tc be expected from the Allison 250-BL5A regenera-
tive engine is 1 to 3 PNdb. Since a 15-db reduction is
needed, and because substantial power and weight penalties
are involved, this engine is not considered for the quiet
helicopter.

It has been suggested that unloading the tail rotor in for-
ward flight might reduce noise. Since the tail rotor of the
OH-58A is normally unlozaded, this measure is not applicable,
but test datas suggest that unloading a tail rotor is not an
especially effective nolse-reduction technique.

There is some evidence to support the suggestion that oscilla-
tory airloads on a rotor blade, and thus noise, are reduced
when the blade does not operate in or near the vortices of

the preceding blades. If a wing is used to unload the rotor
and the rotor is tilted forward, noise due to blade-vortex
interactions might be reduced. NASA has conducted some tests
in this area, but nc data are yet available,.

The ordinary effects of rotor planform tapér and twist were

examined_ theoretically using the propeller noise theory
of GutinlO and conventional helicopter hover theory. Small
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Effects of Vertical Fin or OH-58A
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reductions are possible; but for blades that have the same
lifting capability, unoise reductions over the outer radius
are offset by noise increases inboard.

The principal means of reducing rotor noise, other than by
changes that can be examined theoretically. appears to be
modification of the hlade outboard planform or tip. Coxil, 12
has shown that thin-tip blades reduce the noise of wain rotors
by approximately 5 db. This is coBsistent with the noise
reductions found by Schlegel et al™ for trapezoidal tips and

by St ~r et all3 for single-swept tips. The various inves-
tigati. ., differ somewhat in their explanation of the mechanism
by which tip shape reduces noise, but there is enough support-
ing evidence to justify a tip modification. Figure 25 shows
whirl-stand noise data versus frequency for two UH-1 tail-rotor
blade configurations. One is a standard square-tip blade, and
the other is a double-swept-tip blade, where the outermost
leading-edge swecp angle is 45 degrees and the inner sweep
angle 1s 27 degrees. Noise reductions on the order of 2 to

3 db are indicated at low frequencies and 8 to 10 db at high
frequencies.

Table X shows the noise reductions that are used in the
calculations for effects of blade modifications. In the
final configurations, the noise reductions for double-swept-
tip shapes are used for tail rotors. The noise reducticns
for thin-tip airfoils are used for main rotors.
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TABLE X. NOISE REDUCTIONS FOR BLADE-PLANFORM :

MODIFICAT IONS
Modification Sound-Pressure-Level Reduction
(db re 0.0002 dyne/cm?)
Harmonics
1 2 3 4 5 6-27 228

Hover 1
Tip Shape (tail

rotor only) 2.0 2.0 2.0 8.0 8.0 8.0 5.0
Planform Taper 0.2 0.3 0.3| 0.4 0.4] 0.4 0.4

Total 2.2 2.3 2.3 8.4 8.4 8.4 5.4

Forward Flight

Tip Shape (tail 2.0 2.0 2.0 8.0 8.0 8.0 5.0
rotor only)

Planform Taper 0.2 0.4 0.5 0.6 0.6 0.7 0.7
Thin Airfoil=*
(tail rotor 2.0 2.0 2.0 2.0 2.0 2.0 2.0
only)
Total 4.2 4.4 4.5 |10.6 |10.6 {10.7 7.7

| -

For thin-tip main-rotor blades, a 5-db reduction in the
broadband noise component is assumed.
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1v. EFFECTS OF PARAMETERS

A, INTRODUCTION

Ncise was calculated for a range of values of main- and
tail-rotor tip speed, number of blades, gross weight, rotor
diemeter, and blade area. All main-rotor calculations were
made for a forward-flight speed of 115 knots, a bearing of

0 degrees (head-on), and ground ranges of 200 and 4000 feet.
Tail-rotor calculations were made for hover conditions at a
bearing of 30 degrees and for a forward flight speed of 115
knots at a bearing of 10 degrees, at the same ground ranges
as those for the main rotor. ’

A sample output of the computer program, which includes the
equations for the rotational and broadband noise components,
is shown in Figure 26. The case shown is for the OH-58A
main rotor at a tip speed of 655 feet per second at a field
point range of 200 feet, a velocity of 115 knots, and an
azinuth of 0 degrees.

B. MAIN ROTOR

The effects of tip speed and diameter are shown in Figures 27
and 28 for two- and four-bladed rotors, respectively. Also
shown are the effects of diameter for constant hover ceiling
‘and te ratic. The figures show the results for two field
points, 200 and 4000 feet from the helicopter. For the
design conditiens of constant hover ceiling and t. ratio,
where blade chord is increased as tip speed is reduced, the
rate of noise reduction is about S PNdb for a 100-foot-per-
second reduction in tip speed.

The effects of diameter are small. Increasing the diameter
reduces the perceived noise level about 3.0 PNdb at 200 feet.
AT 4000 feet, however, this effect is reversed; an increase
in diameter increases the perceived noise level slightly.

As can be seen in Figures 27 and 28, increasing the number

of blades does not appreciably affect perceived noise level of
the main rotor. This is because rotor broadband noise contrib-
utes more to the perceived noise level than does rotational
noise, even at far distances. As can be seen in Equation 14,
the peak level of broadband noise is a function of tip speed,
thrust, and blade area. Doubling the blade area reduces the
peak level by 3 db.

C. TAIL ROTOR

The effects of tip speed and number of blades on tail-rotor
noise are shown in Figure 29. Both a reduction in tip speed
and an increase in the number of blades reduce tail-rotor
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Figure 27. Effects of Tip Speed and Diameter
on Two-Bladed Main-Rotor Noise.
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Figure 28. Effects of Tip Speed and Diameter on
Four-Bladed Main-Rotor Noise.
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noise. For the tip-speed range shown and for constant thrust,
power, and diameter, the hovering perceived noise levels
decrease at a rate of 3 PNdb for a 100-foot-per-second reduc-
tion in tip speed. At 4000 feet, this rate is 6.5 PNdb for

a 100-foot-per-second reduction in tip speed.

Tip-speed reduction is also significant in reducing tail-rotor
noise in forward flight. The perceived noise level for a
115-knot head-on approach decreases 6.5 PNdb per 100-foot-
per-second reduction in tip speed.

Increasing the number of tail-rotor bladecs from two to four
reduces the perceived noise level by & PNdb for hover and

in forward flight. A six-bladed tail rotor is 6 PNdb quieter
than a two-bladed one.

The effects of thrust for a tip speed of 550 feet per second
are shown in Figure 30. At a distance of 4000 feet in hover,
the theory predicts that the perceived noise level is decreased
approximately 4 to 6 PNdb by decreasing the thrust by 100
pounds. Although not shown in the figure, this effect is

not realized when the azimuth position is near the plane of

the rotor.

The theoretical effects of torque and diameter on tail-rotor
perceived noise are shown in Figure 31 for a 115-knot forward
speed and zero thrust. At a constant tip speed of 550 feet
per second, both a decrease in torque and an increase in
diameter reduce the perceived noise levels. Increasing the
diameter from 5.17 to 7.17 feet reduces tail-rotor noise
about 8 PNdb =2t constant torque because of the reduction of
drag by 28 percent. T1te rate of noise reduction for torque
decrease is about 0.5 PNdb per foot-pound for constant
diameter.

The theory shows that tail-rotor noise varies significantly

for various hcadings. This is illustrated in Figure 32, which
compares the theory to the test data at a tip speed of 711

feet per second and Zor thrusts of 92 to 144 pounds. The
theory predicts acowuretely the maximum noise generated at

V¥ = 30 and 150 degrees, but it overestimates the noise by about
L PNdb at ¢ = 90 degrees. It underestimates the noise by as
much as 10 PNdb in the rotor plane at ¥ = 0 and 180 degrees,
where minimum noise is predicted.
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V. DESIGN ALTERNATIVES AND SELECTION OF
COMPONENT PARAMETERS AND CONFIGURATIONS

The previous section shows the variation of noise with changes
in parameters of the main rotor and tail rotor, separately. 1In
this section, the variation of noise is shown for the complete
helicopter, for various combina“ions of main- and tail-rotor
tip speeds, and for several degrees of engine and drive-system
noise reductions. The purpose of the calculations was to
determine the importance of main-rotor tip-speed reductions
relative to tail-rotor tip speed and engine/drive-system noise
reductions. The calculations also include the effect of noise
reductions due to main-rotor-blade thin-tip modifications and
the effect of tail-rotor-blade double-swept-tip modifications.

Final results are shown in Table XI. 1In the table, values are
given for PNdb of the OH-58A (in the first column) and for
three alternate combinations of parameters (in the last three
columns). The data show that significant reductions in noise
of the OH-58A are possible at a range of 4000 feet. Much of
the noise reduction relative to the OH-58A is realized when
main-rotor tip speed 1s reduced to 600 feet per second and
tail-rotor tip speed to 530 feet per second--il blade-tip
modifications are used on the tail rotor and if engine noise

1s reduced at least 15 db. This combination of parameters is
feasible for a modified OH-58A using production main-rotor
blades and four modified OH-58A tail-rotor blades. A summary
of the calculation of PNdb for the combination is shown 1in
Table XII. Noise in three octave bands contributes to the value
of PNdb. 1In the l25-Hertz band, the total sound-pressure level
is determined by tail-rotor noise and, to some extent, ma'n-
rotor noise, In the 250- and 500-Hertz bands, the total level
is determined by all three noise sources.

PNdb levels were calculated for one other combination of
parameters (not shown in the table). A main-rotor tip speed
of 530 feet per second and a tail-rotor tip speed of 431 feet
per second were combined with engine silencing and tail-rotor-
blade modifications. PNdb was reduced to 28.5 for a four-
bladed tail rotor and to 26.3 for a six-bladed tail rotor.

The taill rotor for this configuration requires a high solidity

(0.31 to 0.394). Further research and development will be
required.

Several important factors that cannot be quantified at present
are not included in the calculation. They are: the effects of
impulsive noise, the effect of main-rotor-planform modifica-
tions, and/or the effect of reductions in blade-tip-vortex
strength on main-rotor noise. The effects of impulsive noise
are nut included because the rotor thecry calculates only the
long-time rcot-mean-square magnitudes of sound-pressure ievels.
A conclusive method of accounting for impulsive noise was not
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found in the literature. Some evidence of the possible effect
is found in Kryter and Pearsons.l Listening tests show that
there is a distinct subjective impression of a tone modulated
at a very low frequency. A 500-Hertz tone modulated in ampli-
tude at a frequency of 5 Hertz is judged to be noisier by
approximately 6 PNdb than an unmodulated tone. If this applies
to main-rotor noise modulated in amplitude at blade-passage
frequency, then a correction factor of 6 PNdb may be required.
A reduction in impulsive noise of the main rotor may be obtained
by further reductions in tip speed. The combination of param-
eters shown in the last column in Table XI shows main-rotor
noise levels which are 6 to 10 db lower than those of the other
two noise sources, in the bands that have the highest values of
noisiness.

The effects of main-rotor tip-planform modifications are not
included because of lack of theory and/or test data. Signifi-
cant reductions in the tip-vortex strength of model blades have
been observed in schlieren photographs made in thg 11 Heli-
copter Company Research Laboratory. Since Lowson- has reported
that the largest component of rotor vortex noise is that due to
interaction of the following blade with the tip vortex of the
preceding blade, it is likely that reductions in main-rotor
noise will be realized by blade~tip-planform modifications.

The medifications used are related to the blade aspect ratio.
Teats of double-swept-tip tail-rotor blades with low aspect
ratios show substantial reductions in noise levels. The re-
ductions at low tip speeds are believed to result from the
larger span of the tip modification and perhaps from the
leading~-edge sweep. Therefore, double-swept tips are used on
low-aspect-ratino blades (such as the tail-rotor and wide-chord
main-rotor blesdes,. For high-aspect-ratio blades (such as
those of the H-58A), the double-swept-tip modification is
relatively small in span, go tapered tips are used to increase
the span of the mcdification. The taper begins farther inboard,
but the taper ratio is less than that obtainable witlh the
double-swept-tip modification,

In conclusion, it was found that most of the noise reduction
shown by the various combinations of parameters could be
achieved with a main~rotor tip speed of 600 feet per second and
a tail-rotor tip speed of 530 feet per second; a four-bladed
tail rotor is required for maximum noise reduction. Tip
modifications should be used on the tail rotor. Engine/drive-
system noise should be reduced by 15 db. These are the param-
eters selected for the primary conflguratlons Tip modifica-
tions to the main rotor may reduce noise. Reductions in main-
rotor noise and impulsive ‘noise may be realized by reducing tip
speed to 530 feet per second--the main-rotor tip speed of the
alternate configurations.

66




R

V1, DESIGN DESCRIPTIONS

This section describes two test and two operational configura-
tions of the quiet OH-58A. The primary configurations are
designed to reduce the overall noise level, and the alternate
configurations, to further reduce the impulsive noise of the
main rotor. The test/demonstrator designs have been developed
to show practicable modifications that may be used to verify

t*.» theoretical approach to the development of a quiet heli-
copter. The operational versions include the quieting features
nf the corresponding test versions, but they are extensively j
modified to have capabilities comparable to those of the (CH-58A. i
The rotor tip speeds of the primary configurations are reduced,
and measures to quiet their powerplants and drive systems are
employed. For the alternate configurations, the main-rotor tip
speeds are further reduced. Table XIII gives design data for
all five aircraft.

A. TEST VERSION~-PRIMARY CONFIGURATION

The primary test configuration has modified OH-58A main- and
tail-rotor blades and a new hub for the four=-bladed tail rotor. !
It uses the same engine as the production OH-58A, but with '
speed reduced from 6180 to 5660 rpm in order to lower the tip

speeds of the rotors. Engine power is reduced from 317 to 290
horsepower, for the same maximum torque on the drive system.

No changes are required in the main transmission or the drive

system. The tip speed of the tail rotor is further reduced by {
changing the gear ratio in a redesigned taili-rotor gearbox. '
The changes in the control system for the four-bladed tail rotor j
are minimal, and the airframe is uncharnged. Sound-absorbing :
material is added to engine cowlings and firewalls, and absorp-

tive silencers are installed on the engine exhaust.

1. Rotor System

a. Main Rotor

The 35-foot-U4-inch main rotor is the same as that on the OH-58A,
except that in the outboard 15 percent of its span, the chord
tapers from 13 to 4.3 inches. This taper is expected to result
in a noise reduction comparable to that which hias been achieved
on tail-rotor blades. The tin inertia weight is reduced from
12 to 5 pounds, and 10 pounds are added at 85 percent of the
radius, The outboard 15 percent of the blade, with its attach~
ment to the basic 13-inch-chord OH-58A blade, is shown in
Figure 49 (Appendix).

The main rotor's natural frequencies arc shown in Figure 33.
They differ slightly from those of i{he OH-58A because of the
altered stiffness and mass distribution of the outboard 15 per-
cent of the span, but the curves show that they are weli placed
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in relation to rotor rpm. Because of the increased thrust
coefficients at which the rotor will operate, the blade and
hub stresses will differ from those on the OH-58A., They will
therefore be monitored during the flight-test program.

b. Tail Rotor

The four-bladed, semirigid tail rotor (Figure 51, Appendix)
has a gimbaled hub. Delta-three is 45 degrees, the same as
that of the (H-58A. The rotor's diameter is 62 inches.

The blades have a constant 5.27-inch chord and an NACA 0012.5
airfoil, except for the double~-swept tip fairings. Each blade
has a shell of 2024-T3 aluminum alloy, with a bonded aluminum-
honeycomb core strip. The leading edge is reinforced with a
stainlegs-steel abrasion strip. The double-swept tip fairing
is welded 6061 aluminum alloy, with provisions for mounting a
balance weight.

Each blade is attached to two aluminum-alloy yoke plates
through Teflon-fabric-lined pitch-change bearings. A gimbaled
hub permits angular movement of the plane of rotation. The
assembly is attached to the mast through a splined steel shaft.

2. Drive System

All components of the drive system except the tail-rotor gear-
“box are standard OH-58 units. The system is rated for engine
output at 5660 rpm of 290 horsepower for takeoff and 247 horse-
power for continuous operation. At these ratings, the torques
are the same as those at the 317 (takeoff) and 270 (continuous)
horsepower at 6180 rpm for which the OH-58A is qualified. At
5660 engine rpm, the standard OH-58A tail-rotor drive shafting
can transmit 55 horsepower continuously at the same torque
level as the OH-58A system; only 30 horsepower is required by
the tail rotor at maximum pitch (220 pounds! thrust).

A centrifugal fan driven by the tail-rotor drive shaft cools
the englne oil. It has sufficient coollng capacity when
operating at the reduced speeds used in the test configurations.

With the eigiic operating at 5660 rpm, the capacity of the

OH-584 transmission-cooling system is more than ample for the

pria. ry test configuration. In tests with the helicopter .
hovering in ground effect at 3000 pounds' gross weight, and !
vith the englne at 6180 rpm and 235 sghaft horsepower, the :
transmissiocn-oil temperature, corrected to a 125°F day, was )
214°F--16 degrees below the allowable limit. When the engine C
speed is reduced to 5660 rpm, airflow and oil flow are reduced :
proportionally. The result is a 7-degree rise in the oil tem-
perature--to 221°F on a 125°F hot day.
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A tail-rotor gearbox with & higher reduction ratio replaces the
OH-58A gearbox. Its 90-degree spiral bevel gears have a reduc-
tion ratio of 2.89 to 1. It uses the bearings, retainers, and
rotor shaft of the OH-58A unit, and the new bevel gears are
designed to utilize the OH-58A tooling. The housing is modified
to accept the larger gears. The mounting arrangement and
support for the tail-rotor controle - .e unchanged.

3. Powerplant

The conventional OH-58A powerplant installation is modified by
the addition of exhaust silencers and baffles, and sound-
absorbing coatings on the cowling and firewalls (Figure 52,
Appendix). The engine mounting is unchanged. The Allison
Model 250-C1l0D (T63-A-700) engine is operated at 5660 rpm, and
it is derated to 290 horsepower for takeoff and 247 horsepower
for continuous operation. These ratings keep torque below the
engine and main-transmission limit. Allison has approved
operation at the reduced speed.

a. Firewall and Cowl Modifications

Twe vertical firewalls and the deck isolate the engine compart-
ment from the remainder of the helicopter. The forward firewall
is also the aft wall of the a2ngine air plenum. The aft firewall
isolates the oil tank, cooler, and blower from the engine. Both
are treated with a spray-on acoustical attenuation material such
as Lord Manufacturing Company Type 1011,

The forward fairing, which encloses the flight-control servo-
actuators, the hydraulic system, and the forward portion of the
transmission, is constructed of honeycomb sandwich and an alumi-
num core and fiberglass facing. No additional soundproofing is
used. The inner surface of the air-inlet section and the engine
cowl are cocated with a spray-on acoustical attenuation material
such as Lord Manufacturing Company Type 1011, 1/16 inch thick.
External baffles on the engine-cowl ventilation louvers provide
a labyrinth for noise attenuation. The aft fairing, which
encloses the oil tank, cooler, and blower, is constructed of
aluminum honeycomb with fiberglass facing. The interior is
treated with acoustical attenuation material.

b. Air Induction

Engine air enters through inlets on each side of the cowling.
The inertial dust separator, which is standard equipment on the
OH-58, attenuates noise emanating from the compressor.

¢. Exhausts

The basic requirement for exhaust silencing was a 15-db reduc-
tion in the octave band centered on 250 Hertz. The exhaust
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system (Figure 52, Appendix) has two absorptive silencers, one
on each exhaust pipe. Each diverted-vane absorption silencer
has three modules, with eight vanes in each module. The modules
are rotated approximately 15 degrees with respect to each other.
Calculations show that the back pressure on the exhaust,
approximately 4.5 inches of water, causes a power loss of about
4.5 horsepower. This loss is considered in computing the per-
formance of the helicopter. Additional detailed design and

noise tests will be required to determine the optimum configu-
ration.

d. Cooling and Lubrication

The baffles over the engine-compartment cooling-air inlet have
forward-and-aft openings to permit convective circulation. The
transmission compartment is cooled by forced circulation of the
exit air from the transmission-oil cooler. The adequacy of
transmission-ccmpartment cooling has been demonstrated in the
commercial version (Bell Model 206A) at 5700 engine rpm.

4. Control System

The OH-58A flight-control system is used without modification,
except for the crosshead and pitch links for the four-bladed
tail rotor. The hydraulic system is powered by a single
variable-displacement pump mounted on and driven by the main
transmission. The system was examined to determine if it
would supply sufficient power at the reduced rpm. At the 6180
engine rpm of the OH-58A, the pump delivers 2.05 gpm at 600
psi. For this test configuration, with its engine speed of
5660 rpm, the maximum capacity of the pump is 1.9 gpm. Since
the flow rate on the Bell Model 206A, which uses the same
flight-control components, is only 1.75 gpm, the system will
provide acceptable control rates for the test aircraft.

S, Airframe
The airframe is identical to that of the OH-58A.

6. Weight and Balance

The weight and the center of gravity were estimated by adjusting
weight data for the OH-58A in current production. Thg effects
of these changes on the weight and moments of the helicopter are
shown in Table XIV. Except for the exhaust-silencer weight
which was furnished by the vendor, the weight changes were es- ;
timated from preliminary layout drawings. Table XV compares i
the group weights of the CH-58A and the primary test configu-
ration. The derivation of the center of gravity is summarized
in Table XVI. Nose ballast required to offset the increased
tail-rotor weight is 17 pounds.
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TABLE XIV. WEIGHT AND MOMENT CHANGES,
PRIMARY TEST CONFIGURATION
Group Change Weight Moment
(1b) (in.-1b)
Rotor Taper chord ard thickness of
outboard 15 pct of span - -
Add inertia weight for
reduced rpm + 6 + 642
Tail Add four-bladed tail rotor + 9 + 3,168
Engine Add spray-on sound-
Section absorption material to cowl +20 + 2,640
Add sound baffles +1 + 132
Propulsion | Add exhaust silencers +40 + 6,200
Change tail-rotor gearbox
to reduce rpm +3 + 1,056
Electrical | Relocate battery to nose - - 3,250
Equipment | Add required nose ballast +17 + 272
AJ Total Change +96 +10,860
—<—
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TABLE XV. GROUP WEIGHT STATEMENT,
PRIMARY TEST CONFIGURATION
Weight, Pr;$2ﬁiyﬁfest
Group OH=-358A Configuration
(1b) (1b)

Rotor 289 286
Tail 31 40
Body 326 326
Alighting Gear 34 K17
Flight Controls 123 123
Engine Section 35 56
Propulsion 423 L66

Engine Installation 136 136

Air Induction 11 11

Exhaust L 44

Fuel 39 39

Lubricating 27 27

Controls 10 10

Starting 18 18

Drive 178 181
Instruments 54 sS4
Electrical 81 81
Avicnics 97 97
Furnishings and Equipment 42 59
Air Conditioning 24 24
Unusable Fuel 6 6
Undrainable Fuel .3 3
Undrainable 0Oil 1 1
Weight Record Adjustment 23 23
Empty Weight 1583 1679

= — =
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TABLE XVI. WEIGHT AND BAIANCE,
PRIMARY TEST CONFIGURAT1ON
Weight Arm Moment
(1b) (in.) (in.-1b)
Empty Weight, OH-58A 1583 118.2 187,110
Changes + 96 + 10,860
Ewmpty Weight,
Primary Test Configuration 1679 117.9 197,970
Add Crew + 170 65.0 + 11,050
Add Engine Oil + 11 180.0 + 1,980
Grogs Weight, Minimum 1860 113.4 211,060
Add Crew to {30 Lb + 230 65.0 + 14,950
Add Missice Equipment + U455 107.0 + 48,685
Add Fuel + 455 116.6 + 53,053
Grogs Weight, Maximuu. 3000 109.2 327,688
CG Limits: Fugelage Stations 105.2 to 114,2
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7. Performance

The performance of the primary test configuration in observation
and scout missions is summarized in Table XVII. The compari-
sons with the OH-58A in this table are based not on equal gross
weight and range but on equal payload and fuel. The computer
programs used to calculate the performance have been found to
give results that agree quite well with OH-58A flight-test data.
Payload for the observation mission includes 200 pounds of
mission equipment and 111 pounds of removable armor. For the
scout mission, an additional 237 pounds of armament is carried.
At the observation-mission weight of 2856 pounds, the hovering
ceiling is 6900 feet on a standard day and 800 feet at 95°F.
Maximum speed is 113 knots.

The tapered planform of the main-rotor blades is accounted for
in the calculations of power required. The parasite drag of
the OH-58A is increased by 1.0 square foot of equivalent drag
area to account for the addition of the exhaust silencers and
their supporting structure. For the scout configuration
(armed), an additional 1.5 square feet of equivalent drag
area is added for the rfaired weapon installation.

Power available and fuel flow for the T63-A-700 engine at 5660
rpm are calculated using the Allison-supplied engine-performance
program. The installation losses emplcyed (Table XVIII) are
those of the OH-58A, except for the exhaust-pressure rise,
which is increased by 3.3 inches of water to account for the
exhaust silencer.

The rotor-thrust coefficients (Table XVII ) are for the mission
weight and for unaccelerated flight conditions on a sea-level-
standard day. Because the main rotor's chord is not constant,
an equivalent aerodynamic chord based on thrust must be used in
the calculation of t¢.l4 For this configuration, it is 11.24
inches. Since there is a relationship betveen the thrust
coefficient and blade stall, to is a measure of g-capability;
an increase in t. indicates a decrease iu g-capability.

B. TEST VERSION--ALTERNATE CONFIGURATION

The lower main-rotor tip speed reduces impulsive noise, but

it makes necessary an increase in blade chord to maintain
thrust capacity. Modified UH-1D thin-tip blades are alapted
to the OH-58A hub. The tail-rotor gearbox is the same as

that on the primary configuration. The four-bladed ta. 1l rotor
is alsoc the same except that its diameter is increcased from

62 to 69 inches. The engine is the same as tha*t in the pro-
duction OH-58A, but its speed is reduceZ from 6180 to 5000
rpm, to reduce the tip speeds of both rotors. 'To keep the
engine operating within its specified torque limits at 5000 rpm,
its power is reduced frcm 317 to 279 horsepower. The maximum
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TABLE XVIII.
PRIMARY TEST

INSTALLATION LOSSES,

CONFIGURATION

Inlet-Pressure Loss
(including particle separator)

Inlet-Temperature Rise
Exhaust-Pressure Rise

Power Extraction (generator)

4,0 in. of water
2.5°F
4.8 in. of water

2.0 hp

transmission torjue is 10 percent greater than for the OH-584,
but this increase has been found to be acceptable for a 10-hour
test program; no change is required in the main transmission.
Loads in the main-rotor hub may limit airspeeds to 105 knots.

.-Loads in the control system will have to be monitored and may
result in the mandatory retirement of some Government-furnished
c~mponents. The changes in the tail-rotor control system are
minimal. To maintain clearance between the main and tail rotors,
the tail boom is extended; this change necessitates an increase
in the length of the tail-rotor drive shaft. Sound-absorbing
waterial is added to engine cowlings and firewalls, and absorp-
tive silencers are installed on the engine exhaust.

l. Rotor System

The modified thin-tip UH~1D main-rotor blade is adapted to fit a
standard OH-58A hub (Figure 50, Appendix). The rotor is 35
feet, 4 inches in diameter, The 2l-inch-chord blade has 8 de-
grees of twist. The airfoil is 12-percent thick and symmetrical
to 72.6 percent of the radius, and from that point it tapers to
a thin tip. The tip planform is double-swept. Inboard from

27.6 percent of the radius, it tapers to match an aluninum-alloy
grip adapter that fits the UH-1 blade to the OH-58A hub,

Because of this taper, the skin doublers are slightly modified.
Thirty pounds of midspan weight is used in the spar for proper
placement of the rotor's natural frequencies. Except for the
fiverglass tip modification, the bonded blude ig all metal. It
is made up of a two-piece spar, a trailing-edge extrusion, a
moisture-sealed honeycomb core, and an outboard leading-edge
abrasion strip.

The rotor's natural frequencies, shown in Figure 34, are satis-
factorily placed in relation to its rpm. The structural loads
on the blades are less than those on the UH-1 rotor. However,
the OH-58A hub was designed for the structural loads imposed on
it by a smaller (13-inch-chord) blade, and analysis shows that
for comparable flight conditions the 21-inch=chord blade applies
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higher loads. The critical piece of structure is the blade
grip (Figure 50, Appendix).

Instead of a full spectral fatigue analysis, a '"'life at high
speed"' was established for this part. Figure 35 shows this life
as a function of aircraft speed. To develop the curve, we
assumed the aircraft to be in continuous operation at the
specified speed, at 3000 pounds' gross weight. To be conser-
vative for the test program, the high speed was restricted to
that which results in slightly more than 500 hours of life.
This figure will permit a nominal series of maneuvers which
will produce local loads for short periods that will be higher
than those of the l-g high-speed condition. On this criterion,
a speed restriction of 105 knots ie recommended for the test
program with this rotor.

The tail rotor is identical to that on the primary configura-
tion except that its diameter is increased from 62 to 69
inches. Because of this increase, the tail boom is lengthened
by 3.5 inches to maintain clearance between the main and tail
rotors.

2. Drive System

Except for the mast and the lengthened tail-rotor drive shaft,
the drive system of the primary test configuration is used
without change. Torque to the main transmission is increased by
approximately 10 percent to match the maximum operating power
plaaned for the test program. The transmission has been bench-
tested at this higher torque level for approximately 30 hours
at an engine power rating of 350 horsepower and an engine speed
of 6180 rpm. This power and this speed produce a torque
equivalent to that at 287 horsepower at 5000 engine rpm. For
this configuration, the drive system is rated to the engine
limits--279 horsepower for takeoff and 237 horsepower for
continuous operation--at 5000 rpm.

A main-retor mast with an ultimate tensile strength in the high
end of the allowable heat-treat range (180-200 ksi) will be
selected. 1t will have a S5-percent margin of safety at 190 ksi
under the ultimate design conditions.

The tail-rotor drive shafting is limited to the same torque
rating as that qualified for the OH-58A. At the engine speed
of 5000 rpm, the drive system can transmit 48 horsepower con-
tinuously. At the tail rotor's maximum pitch it can develop
220 pounds of thrust, for a requirement of 30 horsepower. Thus,
the OH-58A drive shafting has an ample power margin.

The OH-5B8A transmission-cooling tests (VI.A.2) indicate that the
transmission-oil temperature will not exceed the CH-58A limits
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when the alternate test vehicle operates at 3000 pounds' gross
weight st sea level and a temperature cf 125°F. The temperature
will rise 16°F above that in the OH-58A, resulting in an oil

temperature of 230°F-~the maximum allowable operating tempera-
ture.

3. Powerplant

The powerplant installation is the same as that of the primary
test configuration. Power-turbine speed is reduced to 5000 rpm
to allow the main rotor to operate at a tip speed o7 530 fps.
Maximum power is 279 horsepower for 5 minutes and 237 horse-
power continuous; it is within the thermodynamic capability of

- the engine, and within the maximum and cortinuous torque limits

at 5000 rpm. Allison has approved operation at the reduced
speed. The power-turbine governor may easily be readjusted to

maintain the reduced speed setting.

4. Control System

- The control system is identical to that of the primary tes:
configuration except that the operating hydraulic pressure
is higher and tne tail-rotor controls are lengthened because
of the extension of the tail boom. The control loads estimated
for the wider-chord main rotor are nearly twice those on the
OH-58A. To accommodate these loads, the hydraulic pressure is
increased from 600 to 1200 psi. The increased loads will reduce
the life of the components between the hydraulic servo-actuators
and the rotor-pitch controls, but the life margins will be
adequate for the flight-test program. These components would
have to be retired, however, after the test program.

At the 5000~-rpm engine speed, the (H-58A hydraulic pump will
have a flow rate of 1,66 gpm. This rate is 95 percent of the
1.75-gpm rate that has been found to be a-ceptable for identical
servo-actuators on the Bell Mndel 206A. This rate will suffice
for the test program.

5. Airframe

The airframe for the alternate test configuration is identical
to that of the OH-58A except that the tail boom is lengthened
by 3.5 inches in order to maintain the clearance between the
main rotor and the enlarged tail rotor. The length is increased
by splicing in a section at the aft end of the boom.

6. Weight and Balance

Weight and balance were estimated from OH-~58A data with
allowances for the design changes shown in Table XIX. The
weight of the new main-rotor blades was estimated from the
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weight of the outboard portion of the UH-1D blade. A double~
swept-tip blade has been built and fiown; the actual weight was
used. The weight of the hub adapters was estimated from layout
drawings. Tab%e XX summarizes the derivation of empty and gross
weights, and the balance calculation. Ballast required to off-
get the increased tail-rotor weight is 15 pounds.

TABLE XIX. WEIGHT AND MOMENT CHANGES,
ALTERNATE TEST CONFIGURATION

Weight Moment

Group Change (1b) (in.-1b)
Rotor Substitute 2l-in.-chord '
blades with hub adapters +137 +14,659
Tail Substitute 69-in.
four~bladed rotor + 11 + 3,872
Body Extend tail boom 3.5 in, + 1 + 338
Engine Add spray-on sound-
Section absorption material to
cowl + 20 + 2,640
Add sound baffles + 1 + 132
Propulsion Add exhaust silencers + 40 + 6,200
Chenge tail-rotor gearbox
and lengthen drive shaft + 3 + 1,056
Electrical Relocate battery to nose ' - - 3,250
Furnishings |[Add required nose
and baliast
Equipment + 15 + 240
Miscellaneous|{ Relocate tail rotor,
gearbox, cover, and fin
3 in. aft - - 135
Total Change +228 + 26,022
83
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i TABLE XX. WEIGHT AND BALANCE,

? ALTERNATE TEST CONFIGURATION

E : Weight Arm Moment | ?

(1b) (in.) (in.=1b)

Empty Weight, OH-58A 1583 118.2 187,110 '

t Changes + 228 + 26,022

E Empty Weight, Alternate

g Test Configuration 1811 117.7 213,132

§ Add Crew + 170 65.0 + 11,050 :
Add Engine 0il + 11 180.0 + 1,980 i
Gross Weight, Minimum 1992 113.5 226,162
Add Crew to 400 Lb + 230 65.0 + 14,950 é
Add Mission Equipment + 323 107.0 + 34,561 3
Add Fuel + A55 116.6 + 53,053 i
Gross Weight, Maximum 3000 109.6 328,726 ! 1
CG Limits: Puselage Stations 105.2 to 1l4.2 %

7. Performance

The perfonsance of the alternate test helicopter in observation :
and scout missions is summarized in Table XXI. The compari-
sons with the OH-58A are based not on equal gross weight and

i range but on equal payioad and fuel. The methods used in

{ computing theze data have given results that correlate well

: with measured data ¢n the OH-58A and the Model 206A. Payload
for the ohservation mission includes 200 pounds of mission
equipwment and 11l pounds of removable armor. For the scout _
wission, an acditional 237 pounds of armament is carried. At |

i the observation-mission weight of 2987 pounds, the hovering :

’ ceiling is 5300 feet on a standard day. Speed is Vne-limited j
to 105 knots. i

The effects of the double-swept-tip planform of the main-rotor

blades are accounted for in the calculations of power required.

The parasite drag of the OH-58A is increased by 1.0 square foot :

of equivalent drag area to account for the addition of the .
; exhaust silencers and their supporting structure. For the ‘
i scout configuration (armed), an additional 1.5 square feet of
equivalent drag area is added for the faired weapon instal-
lation,

e, i e ¢ 1 we
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Power available and fuel flow for the T63-A-700 engine at 5000

rpm are computed using the Allison-supplied engine-performance - -
program. The installation lLosses employed (Table XXII) are

those of the OH-58A, except for the exhaust-pressure rise,

which is increased by 3.3 inches of water to account feor the

R ainag o T B T e —
)

exhaust silencer.

TABLE XXI. PERFORMANCE SUMMARY, ;
ALTERNATE TEST CONFIGURATION ! ]
— = ============% i ]
Observation Scout 3
B Mission Mission
Gross Weight Lb 2989 3170 k
Crew 1b 400 400
Payload 1b 311 548 i
Fuel b 455 428 :
Hovering Ceiling, OGE i
Standard Day ft 5300 3400 : 3
95°F £t - - b
; i
Maximum Speed, SLS S
Military Rated Power kt 105(V_ ) 1.05(Vn ) !
Normal Rated Power Kt 105 ne oL ne ’
Maximum Rate of Climb, .
Maximum Power fpm 1330 1095
Maximum Endurance, SLS |
Day* hr 3.55 3.30
Speed for Maximum
Endurance, SLS Day kt 50 52
Range, SLS* ;
Normal Rated Power nm 223 207 i
Long-Range Cruise nm 235 218
Long -Range Cruilse Speed, . _
SLS Day kt 95 97 ’ ]
Rotor-Thrust Coefficient, :
SLS Day 0.163 0.172 7
{
* 10-pct fuel reserve, 5-pct increase in
specification fuel flow
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{TABLE XXII, INSTALIATION LOSSES, ALTERNATE TEST CONFIGURATION
Inlet-Pressure Loss
(including particle separator) 4.0 in. of water
Inlet-Temperature Rise 2.5°F
Exhaust-Pressure Rise 4.8 in. of water
LPower Extraction (generator) 2.0 hp

The rotor-thrust coefficients t_(Table XXI) are for the

mission weight and for unacceleFated flight conditions on a
sea-level-standard day. Because the main rotor's chord is not
constant, an equivalent aergdynamic chord based on thrust must
_be used in calculating to.Ll2 For this configuration, it is 18.7S
inches. Since thrust coefficient and blade stall are related,
tc is a measure of g-capability: an increase in to indicates

a decrease in g-capability.

. C. OPERATIONAL VERSION--PRIMARY CONFIGURATION

The operational versions are designed to have per’ormance,
payload, and maneuverability comparable to those of the
OH-58A, with noise levels comparable to those of the corre-
sponding test versions. Design gross weight is increased to

- accommodate the payload and fuel required for the LOH scout

mission. To get the performance of the OH-58A in the modified
‘aircraft while minimizing changes in the airframe, transmission,
and drive system, a larger engine is used, rather than an
increased-diameter main rotor,

“The tip speeds of both the main and tail rotors of the primary
operational configuration are the same as those of the primary
test configuration, but the blade chords are increased to
regain the rotor lift capability that is lost by reducing the
tip speeds. Changes in the gear ratio and the output-torque

. _capability of the main transmission are required, and the

tail-rotor gearbox is new. Only minor changes in the power-
plant installation and the airframe are necessary, although
ballast is required to maintain the center-of-gravity range.
Sound-abserbing material is added to engine cowlings and fire-
walls, and silencers are installed on the engine exhaust.

1. Rotor System

a. Main Rotor

The two blades of the 35.33-foot-diameter main rotor have a
20.65-inch chord to 85 percent of the radius and a linear taper
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to a 6.88-inch chord at the tip. The rotor is designed to
operate at a tip speed of 600 feet per second. The construc-
tion of the blade is similar to that of the 2l-inch-chord UH-1
blade (VI.B,1). Its mass and stiffness distributions are so
arranged as to obviate c¢xcessive hub and control loads. Iner-
tia weights are used to tune the rotor, but the weight is less
than in the alternate test configuration.

Because of its lower rotational speed at the same input power,
this rotor's static torque input is approximately 9 percent
greater than that of the OH-58A. As a result, the in-flight
oscillatory loads on the hub and the mast are increased, and
some local strengthening is required. Although the rotor is
capable of a thrust of 7700 pounds--an increase of 3 percent
over that to wb(}y’the OH-S8A was designed--the effects of
this increase pi%e minor and local.

b. Tail Rotor
The tail rotor is identical to that on the primarv test config-
uration (VI.A.l.b) except that the chord is increased from 5.27
to 6.21 inches.

!
2. Drive System

The drive system is rated at 317 horsepower for takeorff and 270
horsepower for continuous operatlon ar an engine speed of 6000
rpm. Its general configuration is identical to that of the
OH-58A, and it uses many of the same parts, but the main trans-
mission is redesigned, the tail-rotor gearbox and the mast are
new, and the drive shafting is modified.

a. Main Transmission, Drive Shaft, and Mast

The redesigned main transmissioa has a reduction ratio of 16.5
to L (6000 to 324 rpm) in two stages. The spiral-bevel first
stage has a 3.95-tc-1l ratio; the planetary second stage is a
standard OH-58A unit with a ratio of 4.667 to 1. The altered
dimensions of the higher-ratio bevel gears make it necessary
to use a new houslng and a different arrangement of the bevel-
gear support bearings. Because of this change, the main drive
shaft and the rotor mast must be shortened by 1/2 inch. The
nmast must also be strengthened by 1ncreas;ng the thickness of
its wall, to accommodate the 9-percent increase in torque.

b. Tail-Rotor Drive System

The tail-rotor drive system is similar to that o the OH-~ S8A,
but the gearbox is new, and design power is incressed to 80
horsepower at 6000 engine rpm because of the higher power
available at altitude and the increased main-rotor torque.

The reduction ratic of the new gearbox is increased to 3.06 tol.

87
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This change alt: s the dimensions and thus necessitates a
different rounting attachment to the tail boom. Since the cut-

“put torque of ~his gearbox is 8. percent higher than chat of

the OH-58A, the tail-rotor staft is also redesigred for the
increased o que.

3. Powerr.ant

Tr.e powerplant installation is esi=itiilly tie same as that of
the test versions, but it will inco.porate any refinements that
the test: show to be necessary. Tle envelove of the 40C-horsge-
power Allison Model 250-C20 engine is8 zimost identical to that
of the 163-A-700. The necessary charges--suclh. ag increasing
the size of the oll cooler and blower to accommodate increased
heat rejection--are winor. The engine is derated to 317 hourse-
power for takeoff and 270 ho.rsepnwer for continuous operation,
and it operates at 6000 rpm.

_Q. Coutrol System

The fligat-control svstem i: "i.ctionaliy identical to that of
the OH-58A. The hydraulic system and tie control lirkages
between the servo-actuatrrs and the main rotor are modified to

‘accommodate the new, wide-~rbord blades. The cperating pressure

of the hydraulic system is increased to azcommoedate the in-
treased control loads estimated for the new main rotor.

5. Airframe

Minor changes in the CH-58A airframe accommodate the increase
in the gross weight (from 3000 to 322C pounds) and the thrust
capability of the main and tail rotors: The gauges o)X the
lauding-gear crosstubes and the monozoque tail-boom skins are
increased. Symmetrical structural fiight loads are l.imited
by the main rotor's thrust capability, which is approximately
3 percent more than that of the OH-584. The effect %s mnegli-
gibie; it does not affect the airframe.

6. Weight and Balance

Wzight and balance c¢f the operational versions o¢f the quiet
helicopter are derived from current data on the productlon
Model OH-58A. Changes in the welght and center of grav1ty of
the primary operatlonal configuration are summarized in

Table XXIII and in the group weight statement in Table XXIV. All
the chenges except those for the main rotor and the silencer

are estimated from OH-58A parts. The silencer weight was
supplied by the vendor. Nose ballast required to cffset the
increaced weight of the tail rotor is 45 pou ds.
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TABLE XXIII. WEIGHT AND MOMENT CHANGES,
PRIMARY OPERATIONAL CONFIGURATION
Group Change Weight [ Moment
, (1b) [(in.=1b)
Rotor Substitute 20.65-1in,=-chord
main rotor . + 79 +8,453
Tail Substitute four-bladed, 62-
in,-diameter tail rotor + 9 | +3,520
Increase fin area for
increased maii~-rotor torque + 2 + 712
Body Increase tail-boom skin gauge
from 0.040 to 0.050 fo-
increased tail-rotor thrust + 5 | +1,365
Alighting Add strength to accommodate
Gear increased gross weight + 5 + 500
Flight Increase strength of rotating
Controls controls to accommodate
increased gross weight + 2 |+ 218
Modify boost cylinders and
supports to accommodate
increased control loads + 1 + 82
Engine Add spray-on sound-absorption
Section material to cowl + 20 | +2,6L0
Add sound baffles + 1 + 132
Propulsion Change to 400-hp Allison
250-C20 ¢ngine + 20 | +2,840
Add exhaust silencers + L0 +6,200
Increase engine-oil-cooler size | + 2 | + 344
Modify drive train to reduce
rotor rpm and to accommodate
increased torque:
Main transmission + 8 + 904
Rotor mast + 2 + 216
Tail-rotor drive sghaft + 2 + U56
Tail-rotor gearbox + 5 | +1,760
Electrical Relocate battery to nose - ~3,250
FPurnisghings Add required nose ballast + 45 720
and Equipment
Total Change 248 27 ,812
R
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TABLE XXIV. GROUP WEIGHT STATEMENT,
4_ PRIMARY OPERATIONAL CONFIGURATION
Group Weight
(1b)

Rotor 359
Tail 42
Body 331
Alighting Gear 39
Flight Controls 126
Engine Section 56
Propulsion 502

Engine Installation 156

Air Induction 11

Exhaust L4

Fuel 39

Lubricating 29

Controls 10

Starting 18

Drive 195
Inetruments 54
Electrical 81
Avionics 97
Furnishings and Equipment 87
Air Conditioning 24
Unusable Fuel 6
Undreinable Fuel 3
Undrainable 0il 1
Weight Record Adjustment 23
Empty Weight 1831
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The weight of the main-rotor assembly was derived by two
methods. The weight W, shown in the statement is derived by
the first method, using the general equation:

0.43 .
W ) 0.83 0,69 0,58 (25)
W =x.rx”( Ng R c N
MR \——1000> B
where KT, the rotor constant, = 6.94 for a tee-~
tering rotor
KM' the hub-material constant, = 1.0 for steel

W , the design gross weight in pounds,= 3200
N

P the limit flight-load factor, = 2.5
R , the radius in feet, = 17.67
¢ , the chord in feet, = L.471
NB, the number of blades, a 2

Because of the tapered planform of the blades, an equivalent
aerodynamic chord of 17.65 inches, rather than the 20.65-inch
maximum chord, was used. In the second method, separate
expressions are used for the basic blade structure, inertia
and vibration-control weights, and the structure of the hub
and the grip. The weights calculated by this method verify
those found by using the general equation.

Mission gross weights and centers of gravity are presented in
Table XXV,

7. Performance

The performance of the primary operational configuration in
observation and scout migsions is summarized in Table XXVI,
Payload for the observation mission includes 200 pounds of
mission equipment and L1l pounds of removable armor. For the

scout mission, an additional 237 pounds of armament is carried.

The comparisons with the OH-58A are based not on equal gross
weight and range but on equal payload and fuel. At the

observation-mission weight of 3008 pounds, the hovering ceiling
is 12,600 feet on a standard day and 4700 feet at 95°F. Maxi-

mum speed is 123 knots,

The effects of the tapered planform of the main-rotor blades
are accounted for in the calculations of power required. The

parasite drag of the OH-58A is increased by 1.0 square foot of

equivalent drag area to account for the addition of the ex-

haust silencers and their supporting structure. For the scout
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TABLE XXV. WEIGHT AND BALANCE,
PRIMARY OPERATIONAL CONFIGURATION ;
Weight Arm Moment i
(1b) (in.) (in.-1b) ]
Enpty Weight, OH-58aA 1583 118.2 187,110 ) s f
Changes + 248 + 27,812 ? j
Empty Weight, Primary : f
Operational Configuration +1831 117.4 214,922 ! B
Add Crew + 400 65.0 + 26,000 : ~
Add Mission Equipment + 200 107.0 + 21,400 2
Add Removable Armor + 111 75.7 + 8,403 %
Add Engine 0Oil + 11 180.0 |4+ 1,980
Add Fuel + 455 116.6 | + 53,053 3
Gross Weight, Observation
Mission 3008 108.3 325,758
Add Armament + 237 107.2 + 25,413 ;
Remove Fuel to 428 Lb - 27 124.5 - 3,362 *I
Gross Weight, Scout Mission 3218 108.1 347,809 }
CG Limits: Fuselage Stations 105.2 to 114.2
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TABLE XVI. PERFORMANCE SUMMARY,
! PRIMARY OPERATIONAL CONFIGURATION
? Observation Scout
; Migsion Mission
| Gross Weight 1b 3008 3218
! Crew 1b 400 400
i Payload 1b 311 S48
g Fuel 1b 455 438
i Hovering Ceiling, OGE
: Standard Day ft 12,600 10,450
: 95°F fr 4700 3100
§ Maximum Speed, SLS Day
: Military Rated Power kt 123 119
: Normal Rated Power kt 115 111
f Maximum Rate of Climb,
g Maximum Power £fpm 1775 1560
{
Maximum Endurance, SIS Day* hr 3.4 3.1
Speed for Maximum Endurance  kt 50 51
Range, SLS Day*
i Normal Rated Power nm 227 212
i Long-Range Cruise nm 241 223
: Cruise Speed, SLS Day kt 102 102
; Rotor-Thrust Coefficient,
: S1S Day - 0.136 0.145
* 10-pct fuel reserve, 5-pct increase in
specification fuel flow .

it
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configuration (armed), an additional 1,5 sQuare feet of equiv-
alent drag area is added for the faired weapon installation.

Power available and fuel flow for the 250-C20 engine are based
on data for the T63-A-700 engine, computed with the Allison-
supplied engine-performance program. The power of the T63-A-700
at 6000 rpm is increased by the ratio of the military rated
power of the 250-C20 to that of the T63-A-700. At the same
power, fuel flow is the same for both engines. The installa-
tion losses employed (Table XXVII) are thoses of the OH=58A,
except for the exhaust-pressure rise which is increased by 3.3
inches of water to account for the exhaust silencer.

The rotor-thrust coefficients t_(Table XXVI) are for the
mission weight and for unaccelefated flight conditions, on a
sea-level-standard day. Because the main rotor's chord is not
constant, an equivalent aerodynamic chord based cn thrust must
be used in calculating t..l3 For this configuration, it is
17.65 inches. Since thrust coefficient and blade stall are
related, t, is a measure of g-capability.

TABLE XVII. INSTALLATION LOSSES,
PRIMARY OPERATIONAL CONFIGURATION

Inlet-Pressure Loss 4,0 in, of water
(including particle separator)
Inlet-Temperature Rise 2.5°F
Exhaust-Pressure Rise 4.3 in, of water
Power Extraction 2.0 hp
(generator)
-

D. OPERATIONAL VERSION--ALTERNATE CONFIGURATION

The lower main-rotor tip speed reduces impulsive noise, but

it makes an increase in blade chord necessary to maintain
thrust capacity., The engine is also larger than that in the
teat configuration, and the transmission and drive system are
extensively redesigned. The length of the tail boom is in-
creased to provide clearance between the main rotor and the
increessed-diameter tail rotor, and the gauges cf the tail-boom
skins are increased to withstand the higher tail-rotor thrust.
Some local strengthening of the airframe is required, and
ballast is used to keep the center of gravity within the
allowsble range. A number of control-system changes are also
required. Sound-absorbing material is added to cowlings, and
silencers are installed on the engine exhaust.
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L. Rotor System

The two-bladed main rotor is designed to operate at a tip speed :
of 530 feet per second. Its blades have a 30.95-inch chord and ’ S
double-swept tips. They are of aluminum alloy, with stainless- -
steel abrasion strips on the leading edges and with double-swept
molded~fiberglass tips. A lightweight spar forms the forward 25 .
percent of each blade. The portion aft of the spar is a full- : o
depth honeycomb-sandwich structure that terminates on a trailing- ;
edge strip. Bonded doublers reinforce the area where the blade ]
is attached to the grip. Inertia weights at the midspan and the ]
tip are used for proper placement of the rotor's natural fre- 3
quencies. In its general configuration, the hub is similar

to that of the CH-58A, but the size, strength, and stiffness of
the hub and the mast are increased to accommecdate the longer-
chord blade.

Jaia A

The four-bladed tail rotor is 69 inches in diameter. The blades
have double-swept tips, and a chord of 6.33 inches. The tip
speed is 530 feet per second.

E |
2. Drive System g
E

The system is rated at 317 horsepower for takeoff and 270 horse- -
power for continuous operation at an engine speed of 6000 rpm. -4
Although it is similar in arrangement to that of the primary - 3
configuration (VI.C.2), almost all its components are new. The
new mast and the tail-rotor drive shafting have greater torque :
capacities, the reduction ratios of the main transmission and ;i
the tail-rotor gearbox are higher, and the main drive shaft is
shortened to accommodate the new reduction units. The new main
transmission has a 20.9-to-1 reduction ratio, which increases
the torque to the main rotor over that of the OH~S58A at the
same engine power. This increase in torque necessitates the
use of a new, larger-diameter mast.

ment to that of the OH-58A, but it is designed to transmit 87 ?
horsepower continuously at 6000 engine rpm. The gearbox has

a 3.41-to-l reduction ratio--49 percent higher than that of the

:
[
E i The all-new tail-rotor drive system is also similar in arrange-
3
i
; OH-58A.

i

3. Powerplant oo

The powerplant, an Allison 250-C20 engine derated to 317 horse- !

| power, %s the same as that in the primary operational version
' (Vi.c.3).

4. Control System

The control system is similar to that of the primary operational
configuration (VI,C.4), However, the servo-actuators and
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controls between the actuators and the main rotor are new,
principally because of the largere-diameter mast and the
higher control loads induced by the wide-chord rotor blades.

5. Airframe

The OH-58A airframe is strengthened in this configuration to
accommodate the higher gross weight and the greater thrust capa-
bility of the main and tail rotors. The gross wel hts ard maxi-
mum thrusts of the two aircraft are compared in Table XXVIII,
The 20-percent increase in main-rotor thrust makes it necessary
to strengthen the pylon-support structure and the box beam that
forms the overhead structure of the cabin. Because of the
increased gross weight, the crosstubes of the skid gear are
strengthened, and the tail boom is strengthened to accommodate
the greater thrust of the tail rotor. All these changes are
accomplished by increasing the gauges of sheet metal or the
thicknesses of machined parts.

The only other significant airframe change results from the
increase of tail-rotor diameter from 62 to 69 inches. To main-
tain the clearance between the main and tail rotors, the length

of the tail boom is increased by 3.5 inches.

Since most of these changes add weight aft of the center of
gravity, 70 pounds of nose ballast and supporting structure is
required. The basic structure of the fuselage needs no

‘strengthening for this weight; only local structural carry-

through is added.

TABLE XXVIII. GROSS WEIGHT AND ROTOR THRUST, OH-58A
AND ALTERNATE OPERATIONAL CONFIGURATION
-1 -
Alternate Operational
OH-58A Configuration
Gross Weight 1b 3000 3400
Maximum Main-Rotor
Thrust 1b 7500 9000
Maximum Tail-Rotor
Thrust 1b 350 535

6. Weight and Balance

Welght and balance data for the alternate operational config-
uration are derived from current data on the productlon Model
OH-58A. Changes in the weight and center of gravity are
summarized in Table XXIX, the group weight statement in Table
XXX, and weight and balance calculations in Table XXXI.
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TABLE XXIX. WEIGHT AND MOMENT CHANGES,
ALTEENATE OPERATIOMAL CONFIGURATION

1

Group Crangs Weight | Moment :
(lb) |(in.=1b} !
Rotor Substitute 30.95-in.~-chord %
main-rotor assembly +204 |+21,828
Tail Substitute four-bladed,
69-in.~-diameter tail rotor + 11 [+ 4,224
Increase fin area for
increased main-rotor torque + 3 + 1,068 :
Body Increase tail-boom skin gauge
from 0.040 to G.063 for -
increased tail-rotor thrust + 10 {+ 2,730
Extend tail boom 3 in. + 1 |+ 338
Alighting Add strength to accommodate
Gear increased gross weight + 5 |+ 500 :
:
Flight Increase strength of rotating :
Controls controls to accommodate
increased gross welght + 5 |+ 545

Mocdify boost cylinders and
supports to accommodate

increased control loads + 4 |+ 328
Engine Add spray-on sound-absorption :
Section material to cowl + 20 |+ 2,640 3
Add sound baffles + 1 |+ 132 :
Propulsion Change to 400-hp Allison
250-C20 engine + 20 |+ 2,840
Add exhaust silencers + 40 |+ 6,200 :
Increase engine-oil-cooler i
size to accommodate larger :
engine + 2 |+ 3u4b :

Modify drive train for reduced
rotor speed and increased

torque: i
Main transmissicn + 20 |+ 2,260 i
Rotor mast + 5 |4+ 540 .
Tail-rotor drive shaft + 3 |+ 684 .
Tail-rotor gearbox + 6 |+ 2,112
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TABLE XXIX « Coutinued

Group Change Weight | Moment
(1b) |(in.-1b)
Electrical Relocate battery to nose - = 3,250
Furnishings
and Equipment | Add required nose ballast + 70 [+ 1,120
Miscellaneous | Relocate tail rotor, gearbox,
cover and fin 3 in, aft
for increased-diameter tail
rotor - + 135
Total Changes +430 |+47,183
TABLE XXX. GROUP WEIGHT STATEMENT,
ALTERNATE OPERATIONAL CONFIGURATION
. |Group Weight
B (1b)
Rotor 484
i Tail 4s
;7 7| Body 337
, Alighting Gear 39
: Flight Controls 132
: Engine Section 56
‘ Propulsion 51¢
j Engine Installation 156
: Air Induction 11
Exhaust L4
Fuel 39
Lubricating 29
Controls 10
Starting 18
Drive 212
nstruments 54
Electyrical 81
Avionics 97
Purnishings and Equipment 112
Air Conditioning 24
Unusable Fuel 6
Undrainable Fuel 3
Undrainable 0il 1
Weight Record Adjustment 23
2013

LETpty Weight

e ———————_—— i
.
v
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TABLE XXXI.

WEIGHT AND BALANCE, ALTERNATE
OPERATIONAL CONFIGURATION

Weight Arm Moment

(1b) (in,) (in,-1b)
Empty Weight, OH-58A 1583 118.2 187,110
Changes + 430 + 47,183
Empty Weight, Altermate
Oparational Version 2013 116.4 234,293
Add Crew + 400 65.0 + 26,000
Add Mission Equipment + 200 107.0 + 21,400
Add Removable Armor + 111 75.7 + 8,403
Add Engine 0Oil + 11 180.0 + 1,980
Add Fuel + 455 116.6 + 53,053
Gross Weight, Observation
Mission 3190 108.2 345,129
Add Armament + 237 + 25,413
Remove Fuel to 428 Lb - 27 - 3,362
Gross Weight, Scout Mission 3400 1 108.0 367,180

CG Limits:

Fuselage Stations

105.2 to 114,2

7. Performance

The performance of the alternate operational configuraiion in
observation and scout missions is summarized in Table XXXI1I.
Payload for th. observation mission includes 200 pounds of

mission equipment and lll pounds of removable armor.
scout mission, an additional 237 pounds of armament is carried.

The comparisons with the OH-5A are not based on gross weight and
range but on equal payload and fuel,
mission weight of 3187 pounds the hovering ceiling is 11,100
feet on a standard day and 3900 feet at 95°F.

116 knots.

For the

At the observationa

Maximum speed is

The effect of the double-swept-tip planform of the main-rotor
blades is accounted for in the calculation of power required.

The parasite drag of the OH-58A is increased by 1.0 square foot

of equivalent drag area to account for the addition
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~¥yhaust silencers and their cupporting s.~eture. ¥For the
scout configuration (armed:, un additional 1.5 3quare fect of
equivaient drag area is addad for the rair d weapon ingtal-
lati~n.

ower aveilable and fuel flow for ithe T6 -A-730 epgine .1 500N

rpm are computed using the Alliscn-:uppli:d engine- perfoimarnce
program. The installation losses emplovad (Tab’  XXX1II) are

those of the OH-58A, except for th: exhaust-ires. ire rise, wiich

is increased by 3.3 inches of water tro scoount to o ihe exhaust
silencer,

TABLE XXXII. PERFORMANCE SUMiALY, AT.TERWATE

OPERATIONAL COYVULLURA'TTON

— -

R e rhimron Tl ez -
. Obsevva“icu| Scout
!ﬂm_xiggjon Mission
Groes wcight 1b 3196 3400
Grew 1b L3 400
Payload 1b 311 548
Fuel 1b 455 428
Heveriag Ceiling, OGE
Ctanviard Day ft 13,170 ;39000
9L % ft 3500 2400
- N — — .1.——..—«____..__.___
Maxinuia Speed, SLS
| Military Rated Power kt 116 111
Normal Rated Power kt 109 104
- e
Maxirum Rate of Climb,
Mavimun lower fo/min | 1L%0¢C 1329
Max mun Endurance,
SLS Day* nr 3.22 2,96
Spa2ed for Maximum
Thduarance, SLS Doy kt 51 52
Rarge, SLS Dzy*
Hormal Ratad Fower nm 217 203
Loug-Range Cruise nm 227 216
Cruise Speed, SLE Day Lkt 100 100
F~ e - 1
Rotor-Thrust Ceefficient,
SIS Dy i 0.126 0.134

* 10-pc. fuel reserve, S-pct increase in
specification tuel flow
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TABLE XXXIII.

INSTALLATION LOSSES,

ALTERNATE OPERATIONAL CONFIGURATION

Inlet-Pressure Loss
(including particle
separator)

Iriiet-Temperature Rise

Exhaust-Pressure Rise

Power Extraction
(generator)

L,0 in, of water

2.5°F
4,8 in, of water

2,0 hp

_

The rotor-thrust coefficients t
minsicr: weight and for unaccelerated flight conditions, on a

fea-level~-standard day. Because the main rotor's chord is not
constarnt, an equivalent aercdynamic chord based on thrust must

) For this configuration, it is 25.9
inches. Since thrust coefficient and blade stall are related,

be used in calculating t ., 15

o]

t. is a measure of g~-capability,

{(Table XXXI1) are for the
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VII. COMPARISONS WITH OH-58A

The quiet-helicopter configurations are compared with the ;
OH-58A in terms of their performance and their noise to show ¥
the effects of applying quieting features to the OH-58A. The : .
performance of the test configurations is compared with that

of the OH-58A in the LOH observation mission. The gross

weights at which the operational configuration can carry the , ]
fuel and payload for the LOH observation and scout missions - 3
are the basis for comparing their performance. The noise
levels of all configurations vary considerably with f£light
condition, aspect, and distance. Performance curves and tabu-~ E
‘lated noise data for assessing the effects of quieting fea- T 3
tures in other missions are also presented.

A. PERFORMANCE

1. Test Configurations

-Table YXXIV summarizes the performance comparisons of the test
- -configurations. Mission performance and the ratios of empty
‘weight and useful load to gross weight are shown for three
conditiona: with payload and range the same as those of the
OH-58A, with the hover ceiling and payload the same as those
of the OH-58A, and with maneuvering canzbility the same as
~that of the OH-58A. With the same payload and range, *he
OH-58A can hover OGE on a 95°F day at 1700 feet, the primary
test configuration at BOO feet, and the alternate test config-
uration not at all. Keeping the hover ceilinge and payloads
constant reduces the range of the primary test configuration
by 54 nautical miles, and that of the alternate configuration
by 125 nautical miles. When maneuver capability (as evidenced
in the thrust coefficient) is held constant, the useful load
of the primary test configuration is reduced from 1177 to
331 pounds.

ST RRRE T IS 0 SOOI 11 B e 18 R 7 o3 = HUAP | e T TR TR

Figure 36 shows that at a given gross weight, the hover ceilings
of the test configurations are within 200 feet of that of the
OH-58A. The maximum continuous speed of the primary configura-
tion (Figure 37) is 3 to 5 knots lower than that of the OH-58A;
its available power is less because of the reduction in engine
speed. The alternate configuration is limited to 105 knots,

but at gross weights above 2800 pounds, the limit is determined
by maximum continuous power. Its maximum speed is 7 to 1l

knots less than that of the OH-58A.

IR TAS FORT N

i

The specific range (Figure 38) of the primary configuration is

as much as l4 percent greater than that of the OH-58A at

minimum-power speed, and 2 to 3 percent greater at long-range

cruise speed. At maximum continuous speed, however, it is .
about 5 percenrt less. The alternate configuration compares ~
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similarly with the OH=58A., At minimume-power speed, the
specific range of the alternate configuration is 7 to 10 per=
cent greater; at long-range-cruise speed, it is 2 percent

greater; at maximum continuous speed, it is 8 percent less.

Figures 39 throagh 41 show payload-range for maximum continuous,
long-range-cruise, and minimum-power speeds at design grosas
weight, and at long-range-~cruise speed for the gross weight

at which each configuration ceax hover OGE under the same condi-
tions as the OHa58A~-1700 feet on a 95°F day.

2. Operational Configurations

Performance of the two operational configurations in the LOH
observation and sccut missions is compared in Table XXXV with
that of the OH-58A. The primary configuration®s hovering
ceiling is 3000 feet higher than that of the OH-58A, but

1ts range, speed, and endurance are virtually ur.changed. The
alternate configuration's hovering ceilings for the two mis-
sions are 2200 and 2300 feet higher than those of the OH-58A.
Its speed and endurance are not appreciably affected, but its
range is slightly reduced. The increases in empty weight are
significant: 15 percent for the prinary and 27 percent for
the alternate configuration.

The hovering ceilings of the alternate configuration (Figure 42)
are slightly higher than those of the primary configuration,

ard both are substantially higher than those of the OH-58A.

The greatest difference in the speeds at maximum continuous
power (Figure 43) is 6 knots.

The specific-range data in Figure 44 are compared with the
OH-58A data in Figure 38. At long-range-cruise speed and
design gross weight, the primary configuration (3220 pounds)
and the OH-58A (3000 pounds) have the same specific range,

but that of the alternate configuration (3400 pounds) 1is

6.5 percent lower. Figures 45 and 46 show payload-range for
the operational configurations comparable to the OH-58A curves
in Figure 39.

For a range of 100 nautical miles at design gross weight and
long-range=-cruise speed, the OH-58A has a payload of 820
pounds; the prirary configuration, 770 pounds; and the alter-
nate configuration, 780 pounds. For a 200-nautical-mile
range, these payloads are reduced to 635, 585, and 580 pounds.
At observation-mission gross weights (payload of 31l pounds,
455 pounds of fuel), the OH-58A's range is 245 nautical miles,
the primary configuration's is 241 nautical miles, and the
alternate configuration's is 227 nautical miles,
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B. NOISE COMPARISONS

The perceived noise levels predicted for all four configura-
tions are compared with those of the OH-58A in Tables XXXVI and
XIXVII, for hover and for forward speeds up to 113 knots at
azimuths of G, 90, 180, and 270 degrees. To illustrate how the
weight of a helicopter affects its noise, the tabies alss show
the perceived noise levels predicted for the two test configu-
rations when they are operating at near~minimum gross weights
(see Tables XVI and XX).

. Noise levels 200 feet from the primary test configuration in

hover at design gross weight are 6 to 9 PNdb below those of the
OH-58A, The reduction is as much as 13 PNdb directly in front
of the helicopter in forward flight at its maximum speed, The
reductions are more pronounced at 4000 feet: in hover, the
primary test configuration is 10 to 11 PNdb quieter than the
OH-58A, but in high-speed forward flight, it is 23 PNdb quieter
in front of the helicopter. At design gross weight, the alter-
nate test configuration is about 3 PNdb quieter under all
conditions than the primary configuration. The perceived nciae
levels of the two operational configurations are approximately
the same as those of the test configurations.

The gross weight at which a helicopter operates has significant
effects on its noise, For example, when the useful load of the
primary test configuration is reduced to lower its gross weight
from 3000 to 2000 pounds, the predicted noise levels at

0 degrees and 4000 feet are 7 PNdb lower in hover and about 6
PNdb lower in forward flight than they are when the helicopter
operates at design gross we.ght,

As a mecsure of the significance of perceived noise levels,
these levels are related in Figure L7 to a scale of "noisiness",
The curve represents subjective judgments of a 100-Hertz tone
when its sound-pressure level is reduced from an original level
of 50 db. For example, the primary test configuration's 10-
PNdb reduction in hover would be perceived as a 50-percent
reduction in noisiness.
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Figure 47. Noisiness as a Function of Perceived
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VIII. DESIGN MODIFICATIONS AND TEST PROGRAM

A program is defined to confirm the predicted noise reductions
for a test/demonstrator version of a quiet-modified OH-58A.

The program is for either the primary test configuration (which
uses modified OH-S58A main-rotor blades) or the alternate test
configuration (which uses modified UH-1D main-roto. blades
operating at a reduced tip speed). No major changes in the
drive system, powerplant, or airframe are required for either
configuration. The primary configuration has the maximum
possible noise reduction of the overall noise level with mini-

. mum modification and cost. The alternate configuration provides

an additional reduction of main--c*or impulsive noise.

In the program for the pr..ary configuration, the need for
modification to the main-rotor tip will be determined by
measuring noise with and without the tip modifications. The
engine silencer will be developed. Noise tests will be con-
ducted on the ground and in flight to measure noise of the

quiet helicopter and to compare its noise with that of the
OH-58A. Aural-detection tests will be ~onducted to determine
detection range under simulated observation-helicopter operating
conditions.

Regardless of which configuration is chosen for the test
program, it would be possible to subsequently test the other
configuration in a follow-on program at less than total-program
cost for both programs separately. Some additional changes are
required to run the two programs sequentially, but the same
basic tail-rotor design, tail-rotor gearbox, engine exhaust
silencers, and cowling modifications arz common to both pro=-
grams,

D “n, iimited component and ground tests, and a lO0-hour
firgh*-vest program will be performed for the test version.
Lesign work will be required for the rotor mciifications, the
ne-~ *all-rotor gearbox, and the engine-and-transmiscion-

&ile rcing modifications. A 5-lour bench test to check out

the tew tail-rotor gearbox, using the existing 2064 tail-rotor-
geerbox test stand, will be required. It is assumed that a
bailed halicopter will be available for the program. Ground
runs of the complete helicopter, the helicopter with main rotor
and engine only, end with tail rotor and engine only will be
wad: zo verify structural integrity and to measure noise.
Flight-load measurements will be made for the flight conditions
required during noise tests. Selected main- and tail-rotor
biade and hub stations will be instrumented. Tre noise test
program will consist of an exhaust-silencer evali:ition, a
component-noise test, hover-and-flyover noise measurements, and
aurat-detec:ion t=asts and analyses. Noise of the test heli-
copter will be analyzed and compared with that of the OH-58A.
The plan of performance is shown in Figure 48.
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A, ENGINE-~SILENCER EVALUATION

The helicopter will be ground-run with the main- and tail-rotor
drive shafts disconnected. Noige will be measurzd at 200 feet
from the aircrcrft, with the engine running at the maximum Nit
speed attainable with four exhaust-pipe configurations: the
standard OH-58A exhaust deflector, the exhaust-noise silencer as
designed, the silencer with some sections removed, and a
gilencer shell with the same skin and internal flow but without
reactive or absorptive chambers or material, Noise will be
measured at 100, 400, 800,and 1600 feet with the silencer as
designed, in order to determine engine-noise falloff with dis-
tance,

B. COMPONENT TESTS

In these tests, sections of the drive shafts, either to the
main rotor or to the tail rotor, will be removed. Tail-rotor-
and-engine and main-rotor-and-engine tests will be conducted
with the helicopter tied down., Noige will be measured for a
range of thrusts of each rotor at its operating tip speed,
Microphones will be placed 100 and 200 feet from the tail
rotor, and the tests will be conducted with the microphones at
five azimuths from the rotor. For the main rotor, tests will
be at a range of 200 feet and at the azimuth for minimum engine
noise in the frequency range of main-rotor vortex noise. Tests
will also be conducted with a standard, unmodified OH-58A main
rotor operating at a tip speed of 600 or 53G feei per second,
depending on the test configuration chosen. A comparison of the
noise of the standard and the modified rotors is expected to
show the importance of the tip modification.

Noise of the complete helicopter will be measured for a range
of thrusts at operating tip speeds, at a range of 200 feet, and
at bearings of 0, 90, 180,and 270 degrees. All tests will be
conducted in winds no greater than 5 knots, during hours when
the background noise at the site is minimal. When possible,
the noise tests will be combined with the helicopter buildup
and ground-run tests prior to load-level flight tests. Engine-

on time for all the component-noise tests is estimated at &4
hours.

C. HOVER AND FLYCVER NOISE MEASUREMENTS

Noise will be recorded at ground ranges of 200, 400G, 800, 1600,
and 3200 feet from the helicopter hovering at an altitude of
200 feet. At the 200-foot range, measurements will be made at
0, 90, 180, and 270 degrees, At the other ranges, measurements
will be made only at selected azimuths, The tests will be con-
ducted over nearly level, grass-covered terrain at the Bell
Helicopter Company Flight Test Center.
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Noise will be measured during flyovers and flybys of the test
vehicle at an altitude of 200 feet, at airspeeds of 50 knots,
100 knots, and meximum speed. Flyovers will be directly over
the microphone, and flybys will be 200 feet on either :ide.

10 0 AR L A1 PR W D

Fifteen-second tape-recorded records are required o~ each
hover data-point. Each flyover and flyby test rur will be
duplicated, from opposite directions.

D. AURAL-DETECTION TESTS

The test vehicle and an unmodified OH-58A will be subjiccted to
aural-detection tests. The operating conditions will be:
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- Head-on approach at 50 knots, 100 knots, and maximum
speed

- Low, slow approach, climb to observe, descent back
to nap-of-the-earth approach, and repeat, at
successively closer distances

For the head-on approach tests, each helicopter will fly over a
predefined course at a constant speed. Obgervers will be sta-
tioned at points along the flight path. Using stop watches,
they will note the time at which they hear the helicopter and
the time of its flyover. The intervals measured by the obser-
vers will be averaged. From these intervals and the helicop-
ter's speed, the detection distances will be calculated. The
airspeeds at which detection distances are least, and the
differences in detection distances for the test helicopter and
the OH-58A, will be determined.

I AT 1T AU T I Aoy D

A test day will be selected on which the wind is blowing 5 mph
or less. The intervals between flights over the course will be
H kept as small as practicable so as to minimize the effects of
atmospheric changes. An area with a reasonably constant
background-noise level will be selected. Background noise,
wind, temperature, and atmospheric humidity data will be mea-
sured periodically.

For the observation-flight conditiosns, observers will be placed
on and about the flight path, and they will be instructed not
to attempt visual detection. Markers will be placed along the
course at which the aircraft will climb to an altitude of 200
feet to simulate observation maneuvers. The pilot will communi-
cate hiz altitude, position, and maneuvers to a ground con-
troller, and the observers will advise the controller when they
hear the helicopter.

These tests will start at distances up to 3’mi1es from the
observers, Procedures will be developed using a standard
OH-58A.
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E. ACOUSTICAL INSTRUMENTATION

Noise will be recorded on magnetic tape. The data-acquisition
system will consist of a Nagra audio tape recorder, a Bruel and
Kjaer Type 4131 condenser microphone system, a power supply, a
wind screen, cables and a tripod. The recording system will be
calibrated before and after each test, using the Bruel and Kjaer
Type 4220 pistonphone.

The data-reduction system will consist of the General Radio Type
1551 octave-band analyzer, the Bruel and Kjaer Model 2107

. constant-percentage band analyzer, the Bruel and Kjaer Model

2305 grapuic level recorder, and an oscilloscope.
F. REPCRT

A final report on the noise test program will be prepared.

A
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Figure 49, Tapered-Tip CH-58A Main-Rotor Blade.
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