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Block 20. Abstract continued,

7 baseline helicopiter were also designed which met the PMP requirements. The design rotor
tip speed of these confiqurations varied to 106, 85, 80, and 80 parcent of the baseling tip
speed.

Overall sound pressure levels (OASPL), 1/3 octave band spectra, and detection distances
wery predicted for all halicopter contigurations for a range of operational speeds.

Results showed that the 80-percent (630 fps) tip speed configuration was optimum in terms
of reduced OASPL. When all configurations were analytically displaced in distance to the
point at which their noise signature could first be percelved, the 100-parcent (700 fps) tip
spoed configuration way least detectablo, 1t was also found that OASPL was not a roliable
indicator of detectability and that ambient noise conditions had the largest net effect on
detectability, ¢Eeee:
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PREFACE

This report presents the resuits of an analytical investigation to evaluate the effects of
variable rotor speeds on helicopter noise detection,

Appreciation is given to Mr. Robert J. Pegg of the Acoustics and Noise Reduction
Division, NASA-Langley Research Center, for his assistance in performing the Theoretical
Rotor Analysis Madeling Program (TRAMP) calculations used in this effort.
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INTRODUCTION

To maximize helicopter survivability through reduced aural detection distance, the aircraft
designer first considers reducing main rotor tip speed as one of the fundamental methods
for reducing rotary-wing noise levels. |t is generally agreed that changes in main rotor
tip spead have the greatest influence on helicopter noise and detection distance; this is
illustrated in Figure 1 (trom Reference 1), In this example, total rotor thrust and blade
loadings were held constant by chord variations, The standard case parameters produced
a single value for detection distance. Variation of any one of these parameters produced
a different detection distance, as shown by the trend curves. The most noticeable result
seen in Figure 1 is the effect of blade tip speed on detectability, particularly above 600
fps. Data from whirl tower testing by Hubbard and Maglieri? derived aver a range of
normal functional rotor speeds produced 0.04 dB reduction in noise for each fps reduc-
tion in tip speed, The ARPA ''Quiet One’" helicopter? was measured at 0.08 dB/fps tip
speed reduction, whilg a standard OH-6 measured 0,064 dB/fps tip speed reduction, Thus,
whether theoretical or measured data is used, lowering tip speed indicates that this is
clearly a first choice approach to reducing levels of noise and acoustic detection.

However, an important point that must be considered before the worth of this approach
can be properly evaluated is the effect of varying tip speeds on an aircraft while main-
taining imposed performance requirements., For example, reduced rotor tip speed necessi-
tatos that thrust be recovered through other means that may require heavier engines and
transmissions, more fuel, and stronger airframes, all of which would atfect mission per-
formance. Thus the full problem becomes one of optimizing tip speed with detectability
and performance.

The purpose of this investigation was to analytically determine the optimum effect of

incrementally varying helicopter rotor tip speed on decreased noise levels and detection
distance, while maintaining primary mission perfarmance ‘PMP) requirements for each

increment of rotor speed variation,

To carry out this investigation, a baseline helicopter design was developed which met the
primary mission performance (PMP) requirernents of the Advanced Scout Helicopter {ASH)
specification.® A nominal tip speed of both the main and the tail rotors was established
based on rotor performance and eificiencies. Next, four alternate design configurations,

'"Ollerhead, J. B., and Lowson, M. V., Problems of Helicopter Noise Estimation and Redue-
tion, ATAA Paper No. 69-196, Wyle Laboratories, Huntsville, Alabama, February 1969,
Hubbard, H. H., and Maglieri, D. J., Noise Characteristios of Helicopter Rotors at Tip
Speeds Up o 900 Feet Per Second, Journal of the Acoustical Society of America,

Volume 32, No. 8, September 1860, pp 11051107,

Y Robinson, Frank, Component Noise Vartables of a Light Observation Helicopter, NASA
CR 114761, Ames Directorate, U.S. Army Air Mobility Research and Development
Laboratory, Ames Research Center, Moffett Field, California, 1975.

4 ASH Solicitation DAAJ01-76-R-0001, 31 July 1975, USAAVSCOM (Unpublished).
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Figure 1. Effects of various rotor and flight parameters
on detection range’’

sach maintaining PMP requirements, were developed.  The main and tail rotor tip speeds
of these configurations were incrementally varied from the baseline tip speed.  Through-
out this report these designs will be referred to simply as the 106-percent configuration,
the 100 percent configuration, ete,
An acoustical prediction of the rotor system noise signatures was made using the five
configurations at hover and at flight spoeds of 80, 120, and 160 knots. The noise
matrix consisted of the five configurations times four flight speeds times three rotor com- ,
binations (main rotor, tail rotor, und main plus tail rotor). Noise levels and detection

distance versus rotor tip speed were plotted for each Hight speed. From these results,
conclusions and recommendations were made concerning varying rotor tip speed as a
means of reducing acoustic noise/detection distance,
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BASELINE AND ALTERNATE DESIGN CONFIGURATIONS

The basehine and alternate contigurations were designed to meet the PMP requirements of
the Advanced Scout Helicopter specification, These requirements are summarized in

Appendix A. The characteristics of the baseline and alternate configurations are compared
in Table 1.
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' U6 Porcent Baveling 96 Percont 90 Porcant 80 Percont
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i Tip wpoed (1l 136 o L) 830 buo
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Hadiug {1t} 16 04 JIRA) 16.23 16.41 16.96
;- Sohdity V.0806 0.0909 0.1108 0.1247 0.1834
Tail Rotor
Tip wwwd (s 736 700 66b 830 560
Radius 1) J3.07 .16 3.26 J.348 3.73 ¢
Engine Huting (hp) 603 80b ti14 429 8679 %
Tewtsnusmon  Linut (hp) 102/ 1092 1046 1072 ALY, -:i
1
Weight Sunumary  ih) g
Steucture 1320 13b1 1307 1468 10827 Y:
Propulsion 1107 1N 167 1217 13680 q
Flight contrats 218 219 2 223 a2 1
Fuipinent - oas_ e88 (L0 890 092 3
L L o 2L 3
Empty Weight 3343 33am d473 JHHG 3920 1
. Crow 470 40 40 470 470 l
Flunds 28 Pl i P 30 H
Musion Hul 1001 B 1000 1016 1076 ‘*
Payload PR 823 :PX] 423 821 -’;
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BASELINE CONFIGURATION

The basehine configuration was developed using the Applied Technology  Laboratory’s
Prelumingry Design Program (PDPE 1t used o conventional {our bladed main/tal rotor
system powetad by two advanced technology engines.  Conceptudal views o! the baseline
design are shown in Figures 2 and 3. The tour-bladed main rotor was fully articulated,
with a disc loading of 7 pst and o tip speed of 700 fps. It had a solidity of 0.099,
defined by the 1,609 maneuver reguirement, a 12 degree lincar twist, and an advanced
9.5 percent-thick airfoil section which was the same as that used on the UH-GOA Black
Hawk. The tail rotor, sized by the vertical climb condition, also had four blades and
a tip spead of 700 tps. The two engines were mounted in a semi-podded configuration
on the upper fuselage. They were sized with 86 percent intermediate power available
matched to power required for 450 fpm vertical rate of ctimh at design gross weight at
400 ft, 959F. Both intake particle separators and infrared suppression devices were in-
stalled in the engines.  Starting was by battery or external power source,

The main transmission combined the inputs from the engines with power takeofts for
the antitorque rotor drive and accessories.  Tha continuous rating of the main trans.
mission was 125 parcent of the power required for 460 fpm vertical rate of climb at
design gross weight at 4000 ft, 950F, with each input section capable of transmitting
single-engine uninstatled intermadiate rated power available at sea level, standord day
condition,  The fue! system was crashworthy and self seoling ogainst 7.62mm thraats,

The airframe structure was primarily conventional semi-monocogue aluminum, with limited
use of composite materials in selected primary and secondary structures.  For weight
scaling, structural technology wos assumed to be oquivalent to the UH-60A Black Hawk,
The cockpit section accommodated a crew of two, seated laterally in armored, crash
worthy seats.  Both crew membars ware provided with instrumentation necessary to
accomplish all weather NOE flight, and both could monitor most sensor readouts.  Crew
entrance doors were located on cach side of the cockpit, and windshield and window
panels were tlat to reduce detectability due to sun glint,  Bays for sensors and avionics
equipment were located in the nose, above the fuel tanks att of the cockpit, and aft of
the fuel tank bay.  Weight ingctements for crashworthiness and maimtainability considera:
tions were included.

A nontetractable, tricycle landing gear configaration with lngh energy attenuation capa
bility was used,

The mission equipment toad was 823 pounds, which included a target acquisition system:

the pitot’s night vision system; and portions of the communications, navigation, instru
mentation, security, and ASE equipment groups,

ALTERNATE CONFIGURATIONS

Sizing vanations for the alternate designs were also developed using the Applied Tech
nology Laboratory’s Preliminary Desiyn Program (PDP).

A four bladed main rotor with a dise loading of 7 psf was retained tor all alternate
configurations.  The baseline twist and airfoil section were also retained tor all contigura
trans, while solidity was varind such that o hearly linear vatiation of CT rosulted as a
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function of tip speed, Muin and tail rotor tip spoeds were arbitrarily varied together for all
configurations, and tail rotor size was varied as hecessary to batance the main rotor torque,
Engine and drive system ralings were varied s required 1o maintain the performance
capability of the baseline contfiguration. The fuselaqge ewelope sealing was limited 0 the
tail boom length and the engine and main transmission cowlings. The physical appear
ance of the Aternate airer

A contigurations was teatly the same as that of the baseline,
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Figure 2. Baseline helicopter configuration.
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ACOUSTICAL ANALYSIS

PREDICTED NOISE SIGNATURES

The geometty used v prodicting the aireraft noise signatutes 8 shown schomatically in
Figure 4. The alrcraft was at 200 foet altitude above sea lovel and a ground range ot
1000 faet from the poitt of prediction,

and 160 knats,  Surface wind velocity was zero, temparature was GOOF, and relative
humidity was 70 percent,

Noise signatures of the various tip speod contigurations wete prodicted using the noise
computer program developed in Reforences B and 6. NASA-Langloy performed the com
mer analysis using thea Theotetical Rotor Analysis Modoling Program (THAMP), which
Incorporates tho reteronced procedures, Fourior analyzes the rosults, and goenorates a 1/
octave band noise speetram,  The input dota used in TRAMP was taken trom Table 1
and the Hight condition geometry shown in Figire 4. Typical output, tor exatuplo, is

the 1/3 octave band spectra shown in Table 2, which was detived for the 90 porcent
contiguration.

Surteen wind = 0
Tompeatuie = 60°'F
Holative bumidiy =~ (M

Vv
RO
Velawity (kn} :
10 e rgpin e st
110 T 5@
L (d i

00t

/. PredictHon poing l

b\

l‘ - R NK)U i - - - .l

Figure 4, Noise prediction geomaotry.

Sdohnson, HL avin, Development ot a Yeehnique tor Realiseic Prediction and Fleernonia
Svnthess of Helteoprer Rotar Noise, Rochester Applied Science Associates, Ine,
USAAMRDL TR 73 8, Fustis Diectorate, LS Aty Ait Mobility Research and Dovelop
maent Loboratory, Fort Bustis, Vitginia, March 1973, AD 769050,

White, Richard P, Jr., V2STOL Rotor and Propeller Noise s Prediicnnon cnd Dl vsis
ot des Avral Chavacteristics, ALAA Paper Noo 78 Ab2 RASA Division ol Systems Research
Laboratoties, ne., Rocheostor, New Yok, 197%,
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PREDICTED DETECTION DISTANCES

The computer program used for predicting helicopter detection distances is described in
Reference 7. The 1/3 octave band noise signatures generated in TRAMP were used as
mput to the detection program.  The acoustic signature of each helicopter configuration
was “‘distance increased’’ by the detection program to the point where it would be
masked by an ambient noise level. These calculated distances represanted the maximum
slant range (hypotenuse of the ground range/aititude triangle) at which each configuration
could be aurally detected by an observer. Background ambient nolse levels used in these
predictions represent fow, medium, and high intensity conflict situations (taken from
Reference B) and are shown in Figure 6. The terrain used was relatively flat and covered
with grass about 6 to B inches tall. A sumple listing ot the input data for the 90-percent

example case confiyuration is shown in Table 3.

An example of output from the detection program is shown in Table 4, The frequency
in octave bands s printed afong the ordinate, and the detection distance for each octave
band is shown along the abscissa, The probability of detection is shown at different
percentile levels us indicated by the symbols D, +, and X, Throughout this program the
50 purcent observer points were used, as indicated by the symbol X. This means that
all detection distances were established at the point where half of the listening obsorvers
would have cumulatively registered a detection. Table 4 shows this detection point
oceurring at 2800 feet slant range simultaneously in the 600 Hz (366 to 707 Hz) and
1000 Hz (707 to 1414 Hz) octave bands. Table & summarizus the rosults of all the tip
speed design configurations used in this study, Each tlp speed configuration is broken
down into each of tha parameters examined, along with the resulting values,

T Abrabamson, A, Louls, Correlation of Actual and Analvtical Helicopter Aueal Delection
Criteriv, Volume |, Wyle Laboratories, USAAMRDL TR 74-102A, Eustis Directorate,
U.S. Army Air Mobility Research and Developmaont Laboratory, Fort Eustis, Virginia,
January 19756, AD C001209L.

"Blowitt, Stephen J., at al, (C) Analvsis of the Eftects of Awral-Deteetion Range on
Helicoprer Operations (U), Boeing Vertol Company, USAAMRDL TR 7380, Eustis
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RESULTS

— e

QVERALL SOUND PRESSURE LEVELS

The results of the acousticel analysis for the baseline and alternate configurations are

shown in Figure 6. Overall sound pressure level {ODASPL) is shown as a function of tip
speed, both separately and cumulatively for the main and tail rotors,

Figures 6{a)
through 6(cd) present this duta for each of four flight speed conditions.

s
I
i

kS

In the hover condition (Figure B{a}), the main rotor dominated OASPL for all configura- !
tions and increased linearly in noise level as tip speed configurations increased. Although

quieter than the main rotor, the tail rotor also showed the linear trend of Increased noise
with increased tip speed.

SR ok S =T = i ofid;

g

At the 80-knot condition (Figure 6(b)}, the main rotor again produced a !inear noise
trend with increased rotor speed alrcraft design, and again dominated the cumulative
OASPL. The tail rotor sound levels were too low to contribute to the main rotor

OASPL; however, the tail rotor of the 90-percent configuration was shown to be optimum,
a8 indicated by the “bucket’” (minimum point) in the tall rotor curve.

e
o)

At both the 120- and 160-knot conditions (Figure Blc) and (d}), the B0-percent configura:
tion main and tail rotor OASPLs were optimum (minimum). Also, at these two flight
spoeds, the tall rotor noise became louder with increasing tip speed, as shown by the in-
croasing slope of the tall rotor noise curve. In Figure 8(d) (150 knots), it is seen that

the tall rotor noise levels for the 80 through 106 percent configurations ralsed the total
rotor system noise levels by only 1 dB.

m..v.v:m‘mrf‘—“‘f" T
e L A e

The OASPL results for the total rotor system {main plus tail rotors) show that at hover
and B80-knot flight speed, no particular rotor tip speed confiquration was optimum;

i rather, the lower the tip speed, the lower the OASPL. Also, at these two flight speeds, the
t maximum change in OASPL for all tip speed designs was 9.6 dB (OASPL of 106 percent 3
¢ minus OASPL of 80 percent tip speed). Further, the linearity of these two curves shows {
L that ot the hover and 80-knot conditions, an aircraft meeting PMP requirements resuited 1
‘ in a 0.064 B noise reduction per fps rotor tip speed reduction (i.e., 85d8 ) ¥
i 735 - 560 fps |
¥ 4
b At 120 and 160 knots, the 90-percent configuration was optimum in terms of OASPL, 1
I The OASPL differences hetween the optimized configuration (80 percent) and the maxi ,§
. mum configuration (106 percent) were 8 and 7 dB respectively for the 120- and 150 1
knot conditions. :
3
‘ Looking back at the total rotor noise of the hover and BO-knot conditions {Figure 6la) ‘8
r and (b)), the differences between the 90 and 106 percent configurations were b and 6 dB. !
. Thus, considering all four flight speeds, it is seen that in terms of total rotor system ;
E OASPL., the 80-percent configuration does offer un average noise optimization of 8 dB.
g |
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DETECTION DISTANCE

The aural detection distances for the various confiqurations are shown in Fiqures 7, 8,
and 9 and wuere based on the fow, modetste, and high ambient background noise curves
of Figure 4.

In the hover condition, detectability is established by the main rotor noise (Figure 7(a)).
This upper curve with its two minimum points shows that either the 80-percent or the
100-percent tip speed configuration is optimum in hover. The trend of the tail rotor
hover condition curve is generally toward greater detection distance as a function of in
creased tip speed. The combined signature of maln plus tail rotor noise did not increase
detection distance, because the tail rotor’s 1/3 octave noise levels ware significantly below
those of the main rotor.

The 80-knot condition shows the main rotor dominating the detection distance for all
configurations {Figure 7{bl). At this speed, the main rotor of the 80-percent configura-
tion is detectable around 10,000 feet while the other configurations may be detected at
approximately 12,000 feet. The tail rotor in this fiqure was much less detectable than
the main rotor and produced un optimum point for the 90-percent configuration.  Again
it is seen that the combined aircraft signature of incin plus tail rotor did not increase
detection distance beyond that already established Ly the main rotor.

in the 120- and 160:-knot conditions {(Figure 7{c) and (d4}), the main rotor detection dis-
tances generally did not increase with the increases in tip speed; 1ather, at 100 percent
and 106 puercent, detection distance decrpased. On the other hand, the tail rotor grew
progressively more detectable. In thuse two highest speed conditions, the tail rotor
detection curve rose above the main rotor curve. The main plus tail rotor curve of
Figure 7(c) and (d) shows that the tail rotor, from about the 95-percent to the 108.per.
cent configurations, increased detection distance both as o function of increased tip
speed and increased flight speed. In Figure 7(d) (160 knots) the tail rotor noise, when
added to the main rotor, increased detectability of the 105 percent configuration from
9600 to 13,400 feot.

Cunerally, Figure 7 shows that overall detectability of the various tip speed configura-
tions did not change very much, The detection distance at hover, 80 knots, and 120
knots for all tip speed contigurations fell within a 10,200 to 12,000-foot spread
{18-percent increase). At 160 knots, however, the tall rotor dominated noise and expan:
ded the overall detectability spread out to 13,400 feet (31.percent increase). This
information tells the designer that at high speed (160 knots), any tail rotor contigura-
tions bayond 80 percent would be unacceptable due to increosed detectability.  Further,
it indicates that the tail rotor should be acoustically redesigned {quietoned) so as not to
exceed the main rotor detection distance.

In summary, the choice of an optimized tip speed contiguration ir terms of Mminimum
detectability required consideration of several factora: (1) the data results did not pro
duce a family of concave curves with a low midpoint ta indicate an optimum tip speed;
(2) the main plus tail rotor curves of Figure 7 tended to be convex, resulting in favora-
ble tip speed configurations occurring at the curve end points of either 80 percent or
100 to 106 percent; and (3) the 150-knot condition wus an exception due to the pro-
nounced effect of the tall rotor, Therefore, an optimized tip speed configuration chosen
ont an average basis for minimum detection distance was 100 percent.  This 100 percent
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Lp speed contigurahion represents o best choice between the curves of Figure 7 and the
lower component weight values Tisted in Table 1,

Figures 8 and 9 show detectability trends of the various configurations under woderate
and high backyround noise fevels. The tronding curves are similar to those of Figure 7
but show less infloctions as umbient noise fevels increase. The average maximum detec
tion distances decreasad from 12,000 to 7,000 to 3,000 foa! as the ambient noise in-
creased from low to moderate to high in Figuras 7, 8, and 9 respectively.  Increased
lovids of ambient noise reduced detectability by a factor of four.

OASPL AND DETECTION DISTANCE COMPARISON

The maximum change in OASPL for any obe thght condition was 9.5 dB (Figure 6(b)).
This could lead one to roughly ustimate that detection distance would be doubled alimost
twice (pach B-UB increase in sound prassure level doubles detection distance when only
free-field spherical spreading is considered).

Examination of the computed change in detoction distance of this same flight condition
{Figure 7(b)) shows that only a change from 10,400 to 11,800 teet has occurred. The
ruagon for this small change is that detectability computations include a number of tactors
such as the listener's capability, the noise spoctral distribution of both the source and the
listonar's ambient, and tho total atmospheric attenuation offects botween the source and
the tistener, OASPL, on the other hand, is u single valuo summation of nolse spectra

and s not dependent on spectral distribution,  Boecause of these differences, QASPL s
not u reliabls means of equating a single value of noise lovel to a maeasure of dotection

distancy,

fn hover and the 80 knot flight spoed, OASPL increasud olmost linearly with increased

tip spood while detection distance reachied maximum at the 90-parcent contiguration and
did not signiticantly change theroafter. At the latter two Hight speeds of 120 and 160
knots, OASPL optimized ot 90 percent,  Detectability, howevar, optimized at the 100
percent tip sposd design. Also, the increased detectability of the tail rotor design was
not rovented o the OASPL tends,  The tail rotor was found to dominate detectability
beyond the 80-putcont contigutation for the 120 and 150 knot conditions,  This provides
a valfd reason to further investigate the il rotor to determine what moasuros can be
tuken to bring its detectability down to the maximum established by the main rotor,

EFFECT OF GROSS WEIGHT ON NOISE AND DETECTION

As the vanious helicopter configurations incremuentaily docreased in tip spoed (while stilf
maintaining PMP), tho not offect was an increase in gross aircraft weight,  Reasons {or

the weight increase worg:

) As rotor tip speed was reduced, solidity increased approximately as the inverse
of tho ratio of the sgquare of the tip speeds,  For o tixed dise loading, this
rosultod inoan increase in blade chord, which further resulted inoan increase in
rotor profile dig and thergtore more power was rogquired.
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e  The increase in blade chord, together with the reduction in tip speed, resulted *
in increased rotor and hub weight.

e  The increased power required resulted in larger engines, with an increase in the
weight of the engines and their anciilary equipment (intake and exhaust sys-
tems, engine mounts, starters, and fuel systems). The increased power, together
with the reduced rotor rpm, resulted in an increase in the weight of the drive
system.

e  The Increase in the weight of the structure, equipment, and mission fusl

8 required the size of the helicopter to Increase in order to retain the required
3 payload capability and mission endurance. A 20-percent reduction in tip speed
, : resulted in a helicopter with & gross weight increase of about 10 percent.
Weight increase is summarized in Table 1.

ekl o

Erawd -

% Over the range of tip speeds considered, increasing tip speed reversed the above trends.
A B-percent increase in tip speed to 736 fps (106 percent configuration) resulted in a
gross weight reduction of about 1 percent. Increasing tip speed bayond this rangs would
probably result in detrimental tip Mach number effects. This in turn would increase
gross weight because of propulsion system growth. i

sEEog ek

TR

To show the trending effact of gross weight on noise and detection, the abscissas of
Figures 8 through 9 could be relabled with the Table 1 gross weight values corresponding
to the tip speeds; for example, the BO-percent configuration corresponds to 8318 pounds
and the 90-percent configuration corresponds to 6922 pounds, etc. The same observa-
tions made to arrive at the optimum tip speed configurations apply to gross weight, i.e.,
the optimum gross weight in terms of OASPL was 5922 pounds (80-percent tip speed);
for detection distance, 5708 pounds (100-percent tip speed).

K g aa i

TACTICAL AND SURVIVABILITY COMMENTS

Reference B shows that survivabllity increases when firing time (the number of rounds ;
fired) Is reduced. Further, it shows that there is no survivabllity improvement when the
new reduced detection distance Is still greater than the maximum effective firing range

of the weapon under consideration. With the knowledge of maximum effective weapon
range and the target’s aural detection distance, one can easily estimate where payoff in
increased survivability will begin, For example, decreasing helicopter detectability from
12,600 to 10,400 feet (Figure 7(d), 100-percent configuration) would have no beneficial
effect against an aurally dJdetected gun threat with only a 8000-foot effective range. In
moderate and high noise backgrounds, some survivability payoff could be expected due
to the decreased detection distance within the effective gun range (Figures 8(d) and 9(d)).
A survivability enalysis is beyond the scope of this report, since this type of analysis
includes such factors as gun ready time, projectile flight path, and ballistic dispersion, as
covered in Referunce 8.
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CONCLUSIONS

Based on the results of this effort, it is concluded that:

1.

Of the five helicopter configurations investigated, the 90-percent rotor tip
speed configuration Is the optimum design in terms of overall sound
pressure lavel. .

The 100-percent configuration (700 fps) is tha most suitable design based
on its bettar overall detectability and componant welight characteristics, !

Overall sound pressure level values are not reliable as a means of
detectabitity.

Increased ambient noise levels had the grestest effect on reducing detection
distance.

The methodology used in this investigation can also be used to determine
the nolse raductions and detectability benefits gained by varying other
parameters such as blade numbers, rotor airfoils, and main and tail rotor
rpm ratios,
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RECOMMENDATIONS

Based on the conclusions made duting this analysis, it is recommended that:

> 1. The 100-percent configuration tall rotor design be investigated further to
optimize its nolse characteristics so that it will not be the source of
v detection in tha high forward speed condition. Raduced tip speed for the
tail rotor I8 a recommended approach. 5

\ 2. In choosing a rotor system design tor minimized acoustic detection, rotor {
noise levels and listener background conditions be predicted, preferably in i
1/3 octave band spectra, When combined with attenuation factors and :
listener capuability, this data will provide a reasonablo basis for determining :
detectability, Furthermore, individual noise contributions which establish !
detectabllity can be traced and modified for quintor, lass detectable aircratt.

3. OASPL values not be equated to detectability.

4. A nolise/detectability analysis be performad In conjunction with performance
design studies to select the best aircraft design to meet acoustic detectabllity
! raquirements,

e AT e, A

e e T




LA 4 il R k)
v : b

LIST OF REFERENCES

ct of

3 1. Ollerhead, J. B., and Lowson, M. V., Problems of Helicopter Noise Extimation and
Reduction, AIAA Paper No. 69-185, Wyle Laboratories, Huntsville, Alabama,
: February 1889,

o

2.  Hubbard, H. H., and Magliorl, D. J., Nuilse Characteristivs of Helteopter Rotors at .
Tip Speeds Up to 900 Feer Per Second, Journal of the Agoustical Society of '
Amarica, Volume 32, No. 9, September 1860, pp 1106-1107. :

TR

3. Robinson, Fraik, Component Noise Variables of a Light Observation Helicoptoer, L
NASA CR 114781, Ames Directorate, U.S. Army Air Mobility Research and
Davelopment Laboratory, Ames Research Center, Moffett Fleld, California, 1976,

t 4, ASH Solicitation DAAJ01-768-R-0001, 31 July 1976, USAAVSCOM ‘Unpublished).

& 6. Johnson, H. Kevin, Development of a Technigue for Realistic Prediction and
] Electronic Synthesis of Helicoprer Rotor Noise, Rochester Applied Sclence
Assoclates, Inc., USAAMRDL TR 738, Eustis Directorate, U.S. Army Alr Mobility

Research and Development Laboratory, Fort Eustis, Virginia, March 1973,
AD 7699566,

6. White, Richard P., Jr., I'/STOL Rotor and Propellor Nodse « 1es Prediction and i
Analvsls of Ity Aural Choracteristivs, AIAA Puper No, 76-462, RASA Division of |
Systems Research Laboratorles, Inc,, Rochester, New York, 1875, )

7. Abrahamson, A. Louls, Jorrelation of dctual and Analyvtical Helicopter Awrval
Deteetion Criteria, Volume !, Wyle Laboratorios, USAAMRDL TR 74-102A,
Eustis Directorate, U.S. Army Air Mobllity Research and Development Laboratory,
Fort Eustis, Virginia, January 1976, AD C001209L..

8. Blewitt, Staphen J., ot al, {C)  Analvsis of the Ertects of Jwral-Detection Range on
Helicopter Operations (U), Boeing Vertol Company, USAAMRDL TR 73 BO, Eustis
Diroctotate, U.S. Army Air Mobility Resvarch and Develupmaent Laboratory, Fort
Eustls, Virginia, March 1874, AD B30260L.




%:
vb‘l‘

The primary mission performanca requireaments of the ASH include the ability to attain:

APPENDIX A. PRIMARY MISSION PERFORMANCE REQUIREMENTS

A 4B60-ft/min, vertical rate of climb from out-of-ground effect (OGE)
hover, at 4000 ft pressure altitude (Hp), 869F, using not more than
96 percent of installed intermediate rated power (IRP) under zero
wind conditions.

A cruise speed of 120 to 160 KTAS at 4000 ft Hp, B69F, using not more

than maximum continuous power (MCP),

An endurance of not less than 2.6 hours based on the following segments

at 4000 ft hp/BBOF conditions:

1,
2I

o o &

8 minutes of ground idle power

30 minutes of hover OGE with zero wind

30 minutes of 40 KTAS

30 minutes at hover OGE with zero wind

22 minutes at MCP cruise speed or 160 KTAS, whichever is |ess
30 minutes fuel reserve at 120 KTAS

Segments (1) through (B) are to be computed at primary
mission gross weight. Segment (B) is to be computed at

primary mission gross weight less fuel burned in sagments
(1) through (B),

A minimum normal acceleration of 1.80g in a symmatrical pull-up from
level unaccelerated flight at 130 KTAS,




