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PREFACE

This report presents the results 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 Modeling 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. It is generally agreed that changes in main rotor
tip speed have the greatest influence on helicopter noise and detection distance; this is
illustrated in Figure 1 (from 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 Maglieril derived over a range of
normal functional rotor speeds produced 0,04 dB reduction in noise for each fps reduc-
tion in tip speed. The ARPA "Ouiet One" helicopter3 was measured at 0,08 dB/fps tip
speed reduction, while 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-
taiing imposed performance requirements, For example, reduced rotor tip speed necessi-
tates that thrust be recovered through other means that may require heavier engines and
transmissions, more fuel, and stronger airframer, all of which would affect 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 performance IPMP) 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) requirements of the Advanced Scout Helicopter (ASH)
specification,4  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,

I Ollerhead, J. B., and Lowson, M. V., 'rob1chm. of Ilicophtr Noise, Islimation aid Rohi'.
tion, AIAA Paper No. 69-195, Wyle Laboratories, Huntsville, Alabama, February 1969.
'Hubbard, H. H., and Maglieri, D, J., Noise (haract(Tristi-N Of Ih'lt'otfn'r Rotors at 7ip
S/w'ed,s Up tU o O IePet .1,r Second, Journal of the Acoustical Societyof America,
Volume 32, No, 9, September 1960, pp 1105-1107.

J Robinson, Frank, (C'ompontw Noist, lI'albes of a Light OhsNrm'atlW IWli'oc'r, NASA
CR 114761, Ames Directorate, U.S. Army Air Mobility Research and Development
Laboratory, Ames Research Center, Moffett Field, California, 1975.
"ASH Solicitation DAAJ01-76-R-0001, 31 July 1975, USAAVSCOM (Unpublished).
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Pach nhiintam i ri PIMP reqtit'flen ts, weit developed. The~ matinr and tail rotor tip speeds
of these configurations wort, incremienitally varied from the biiseIine tip speed. ThrOUgh-
nut this report these designs will be referred to simply as the, 1 05-percent configuration,
the 100 percent configuration, etc.

An acoustical prediction of the rotor sy'stem1 noise signatures was fuode? usinri the five
con ficgurations at hover and at flight speeds of 80, 120, and 150 knots. The noise
matri x conisisted of the fivte config(uraions lties four flight speeds times three rotor Comn-
bifnati ons mnain rotor, taill rotor, andl( mainl plus tail rotor). Noise levels and detection
distance versus rotor tip speed were plotted for each flight speed. Frm these results,
conclusions and recommerndations were-( made Concerning vary ing rotor tilp speedi as a
mewans of ttduc iFrig aCOUStIC n~oi Se/(lie tctr distanceCP
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HASE. IN[ AND ALTERNATE DFSIGN CONFIGURATIONS

The baseline and alturnate 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.

TAULf 1. CHAHACr.HIStICS OF HASELINE HtlELICJOPIUt4 ANO) ALMI uNATE CONFIGULHATIONS

10I6 Potbcnt Hasjelit Ob 'rfcoim DO Percent 80 Pete"nI

Main Flor

Tip e wel (tp() 136 70 605 (330 00
Di,1 Ioding 1pit) 1 7 7 7 7
tiddlut 1I0 16 U4 1.11 10.23 16.41 16,96
&)1dity 0.080 0.09 U. 11 W 0.1241 0,1638

Tail Ctlu~r

rip mpoo opo) 73b 700 6lib 630 560
H (II 1) 3.07 3.10 3.2b1 3.38 3.73

Lnginu 14arm (ip) 6003 6015 U14 (,"3 879

Im it (hp) 107/ 1032 1046 1012 1 lb/

Wu 11h l SL111111111Y (Iti)

sI-ic¢tlp 1320 13bi 131 14bM 1#2/
P'lopup lli, n 1101 1131 1167 1217 13P
rl 11 it onmis 218 219 221 223 232
FUL'llplI6t (1(8(" .,11 t41( 000 692

L11pipt WelhIt 3"133 3391 34;3 3tie 3920
Cavvw 410 410 4 ILI 4 10 470
Ils 28 2 2H 20 30
Mll I 1001 9.) 1000 101h 101lb

1,41 1 mi 3 823 l23 23 12:

UrosU We5lh (ub M 108 b 14 32 31 H

9 V:



RASELINT CONFIGURATION

lTe lias'lii oit itillatRon it ~.devlo tl'&liiIsiriti tit,' Jpllim Technrolorly LabotioI yr s
Pri'Iiurrrrr1r1'v D)eSI(Ill Prnulir~rrll 0)F'l It uIsed I crrvei(IIIil loL~ ilt mitil iiaintaI rotor
system powered by tWO ddVarrCeld teChi rulogy Ceogrrru0 CLrrueptUal VIUwS o! the thbl lir
design are shown Ii Figures 2 and 3. The fouir-bladed main rotor was fully articulated,
with a disc loading of 7 lisf and a tip speed of 700 fps. It had a solidity of 0.099,
(letilmed try the 150 Symanleuver requirement, a 12 degree linear twist, and an advanced
9.5-percent thick airfoil stctiorr which was the same as that Used Oil thlt UH-60A B lack
Hawk. The tail rotor, sized by the vertical cl imb condition, also had four blades and
a tip speed of 700 fps. The two tenginems were Mounted Ii a semi podded configuration
onl the upper fuselage, They were sized with 95 percent intermnedilate power available
matched to power required for 450 fpm vertical rate of climrb ait design gross weight [it
400 ft, 9501F. Both intake par tidle sepiarators and in frared suppression devwices were inl
stalled inl tilt, Plngines. Startoig wits by hatter y or external p.ow0er SOurce.

The nrai ii transmission Combined thi ipu ts from the engtines with power takeoffs for
the antitorque rotor dfrive arid accessories, The continuIous rating of thre main trais-
mission was 125 percent of the power required for 450 fpmi vertical rate of climb t
design yr oss weight at 4000 ft, 950F, with Iiech inlput se!ctionl capable Of trzdnsmittinq
sirile-eii e anl instal lad intermediate rated power arvailable at sea level, standard dlay
condition, The fuel systemi was crashworthy and self sealing against 7.62mm threats.

The airfam structure? wais prilniri ly conIventionlal sVum imlonlocoqIue alo m~i nuii, With linmi ted
use f coposie m trials inslctdpimary and secondary structures. F or weiht

scaling, structural technology was asWsa med to be oquivaler t to the U H-60A Black Hawk,
Thlt cockpit section accommllodated at crew of two, seated laterally Ii armormd, crash.
worthy seats. Both crew members weit p lrovidetd with Instrumentation necessary to
accomplish all weather NOE flighlt, aild both could mo1011t1r most sensor WraoutS. Crew
entrance doors were located on each side of the cockpit, arnd windshield and window
panels were! flat to reduce dr'Ctbnility LIMe to Suit glinlt. Bays for senisors and avionics

Veqtuimnt wert Ix~attd Inl thet rose, abhove thlt fuel tanks aft of the cockpit, and aift oif
thW fLul tank bay. Wei(Ijrt incr emnr'rts for cr-ashworthiness andl mnrrtainablity coirsideral
lions were Included.

A rionietr actable, tricycle laudimg gevar 'ont ui atiom w'itlih errerl vimy attertiiruton capil
bliity waS USed, I
The mrission vquipment load Wals 823 pounds, which included a tariet ireguisitiOnl system;
the ptilot's nlighlt vision systeml; arid por16ionS Of thel(01 (TmiurliCat 10111S, naigaijtion, illgtruI
mrollitilt ion, security, and ASE VtgUijlIreIlt groups,

ALTERNATE CONFIGURATIONS

Silinrg Varinatiorrs for tre il ter ate de-signis Ww ,lko developedh uingt tlIr Apptliodu Tech
riologyV Laboratory's Prelimrina~ry Des1ignl Pr O(ril (PDP)I

A [Okin Ilaldi rilaili r OtOr With a dlist' loadinr) Of 7 psf was retinedth for- 111 01tlltnt
conlfigurationls.i Theaselinle twist arid airfoil section were also retineld for Lill curl hitlirl'
tions, while? solidity wals vaieitd stichl "lrt at nearily lirrearl var ationi oft CT r 011te1 aIS a
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for~~c ('1 of ip p fd Misin and tail rotor tip) sf3I3ds Were arbitrarily varied together for allcon figura~tions, and tail rotor Size wais varrilec1 lgltoCssary to bl)"ICe tVWL Mtain rotor torq~ue,E n gne an d diriv e~ system r li n s w ere va d as r "! UITI l op O l i n Yvtasr t h e oic
cdabd itY of th~e bai~e collticurafiin The f(ist!d 1  l~l~ cln a e o1tail bouom Ienqlth andh the emrivl arld mn transmissionC~ cowlimls. The physical appIeatairce of Owe Olttrnatv ~iirc,ft conftiuratipns wits nwly the samv its that oif thu basulinc,
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ACOUSI ICAL ANALYSIS

114 II F lI. 1) NOISI' S IGNA R1131 S

I ht (jewiletry usISIt n piurIctillo the aircraft 1151oise ttiles? Is Ohowin schllatlcnIly inl
Figu re 4. The iilrcrtitt was at 200 feet 111it ude above'11 Sel eovif aind a ii 1,( IAIIn laifl oft
10OM fiet fromi tho poit of prodiction, Al rspoaii liistilaime wore 0 (hover), HO, 120,
and 1 b0 knots. Siace wind velocity was mno, teniporttre was 600F, mid rtihitivt
hum111idity wmi 70 piicent.

Noise siqatures of the vatiouls tip) sieod col11'u tliwtionls wore plodicterf usinqo the noise1
C11111iput pr roqel(IO deeoped ill He fer ius 6~ and 0, N ASA- Liql~Iny pil-frh ,nwc t he coi
ipiiter analIysis tisirig thur,ri Thrutical Hotor Arnalysis Modtfliir I Pi oquani (T AMV), which
In co rp ottri s thin ref ore ncrn I iroced ni e, r oilr in, 111111Iy/ t~he tesi ills, ar n er11oa:os 41 1/t'l
o.ctalve an tI ise ive-um 5hr(tI Tim, r Inpu ta IL Ld1 inl TRAMP wats takvin ti omi Talo 1
and( the filit cueconition (Iminrty shown iii Fiqio 4. Typicalf 011111.ut, for irMIn11ple, is
the 113 octieVi hand shiectril shown ill Tiile 2, wich? was Oveilvet fmr thn 90pilcimntI

dlii~~li ftiur~ioi

itixtx v IIIliii

F quit, 4. Noise pr ,'ictIion qi'omiiilfI

" jolillsein, 11, !%eVil, I)(T0/0t m',ntr tf h chnique Im 'l iAlil I'll'11111i't 111 1 i i
S11111l1CA,, Of, l/CIA'01M.Pt Rolo Vhisr '(xc, tnfster Applited Srcienrcr Assocdimti', Inc.,
LISAAMMflL 1'" 13H8, histis IPiinitow4ti, U.S. AiIII Air khobilitV HI)%ji 1InCh ai1id I0eVr'hen
m1011 Lrifrmatory, rolt r Iriis Viii itili, Mar-ch 1913, AD) 1119b.

'Whiite, Hichard P', .1.I 1"S1,01 R if r .110 P f''//iP A Viwle Irs l'i1C0(: Iil 01.h/iv
'11 lix feral (h'111#14TV0jxti, AIAA Papw' No. Ib~ 4H2, ASA IDivisin of Sysfeilms tlr'sr'ath
Lahotator u', hic., hlochnnstr' Now Yol k, WIS?.
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PREDICTED) DETECTION DISTANCES

The computer program used for p~redicting helicopter dIetection distances is doscribed in
Referenice 7. The 1/3 octave hand noCise- signattures (qenerated in TRAMP were used as
input to the (ltetectiuri prooram. The aUOUStiC SiC114atutW uOf each helicopter configuration
was "'distance increased"' by the detection prograni to the point where it would he
masked by an ambient noise level. These calculated distancell represented the maximuIm
slant range (hypotenuse of the qround range/altitude triangle) at which each configuration
Could b0 durally detected by an observer. Background ambient noise levels used in these
predictions represent low, medium, and high Intensity conflict situations (taken from
Reference B) and are shown in Figure 5. The terrain used was relatively flat anid covered
with grass about 6 to 8 Inches tall, A sample listing of the Input data for the 90-percent
example case configuration is shown in Table 3.

An example of output from the detection programn is shown in Table 4, The frequency
in octave bands is printed alonq the ordinate, and the detection distance for each octave
band is shown along thei abscissa, Tne probability of detection Is shown at different
percentile levels us Indicated by thi' symbols D, +, and X, Throughout this program the
50 percent observer points were used, as Indicated by the symbal X. This means that
ill detection distances were established at the point where half of the listening observers
would have cumulatively registered a detection. Table 4 shows this detection point
occurring at 2800 feet slant range simultaneously in the 500 Hz (356 to 707 Hz) arid
1000 Hz (707 to 1414 Hz) octave bands. Table 5 summarlzus the results of all the tip
speed design configuratiOns used in this study, Each tip speed configuration Is broken
clown into each of thll parameters examined, along with the resulting values,

, Abrahanison, A. Louis, ( rCOIC100I o 1 u'i lmat (II0 Allablici lich/wvptr I urad I-:c:(ti( I
Criteria, Volume 1, Wyle Laboratories, USAAM RDL T R 74-102A, Eusti% Directorate,
U.S. Army Air Mobility Research and Development Laboraitory, Fort Eustis, Virglinia,
January 1975, AD C001209L.

Blewitl, Stephen J*, at al, (C o.1 ta.L 4 h t.(m a- ~'fi ' ~lI~ P
i1i1ccpicr Operations (U), Boeing Vertol Companmy, USAAMRDL TR 73 80. Et'stis
Directorate, US, Army Air Mohility Research and Develojiment Libot tcy, For t Euistis,
Virginia, March 1974, AD 530250L.*
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RESULTS

OVERALL SOUND PRESSURE LEVELS

The results of the acoustical analysis for the baseline and alternate configurations are
shown in Figure 6. Overall sound pressure level (OASPL) Is shown as a function of tip
speed, both separately and cumulatively for the main and tail rotors, Figures 6(a)
through 6(d) present this data for each of four flight speed conditions,

In the hover condition (Figure 6(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,

At the 80-knot condition (Figure 6(b)), the main rotor again produced a linear noise
trend with increased rotor speed aircraft design, and again dominated the cumulative
OASPL, The tall 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,
as indicated by the "bucket" (minimum point) in the tall rotor curve,

At both the 120. and 150-knot conditions (Figure 61c) and (d)), the 90.percent configura,
tion main and tail rotor OASPLs were optimum (minimum), Also, at these two flight
speeds, the tail rotor noise became louder with increasing tip speed, as shown by the in.
croasing slope of the tail rotor noise curve, In Figure 6(d) (150 knots), it is seen that
the tail rotor noise levels for the 90 through 105 percent configurations raised the total
rotor system noise levels by only 1 dB.

The OASPL results fur the total rotor system (main plus tail rotors) show that at hover
and 80-knot flight speed, no particular rotor tip speed configuration was optimum;
rather, the lower the tip speed, the lower the OASPL, Also, at these two flight speeds, the
maximum change in OASPL for all tip speed designs was 9,5 dB (OASPL of 105 percent
minus OASPL of 80 percent tip speed). Further, the linearity of these two curves shows
that at the hover and 80-knot vonditions, an aircraft meeting PMP requirements resulted

t. in a 0,054 dB noise reduction per fps rotor tip speed reduction (I e., 9.5 dB
735 -160 fps

At 120 and 150 knots, the 90-percent configuration was optimun in terms of OASPL,
The OASPL differences between the optimized configuration (90 percent) and the maxi-
mum configuration (105 percent) were 6 and 7 dB respectively for the 120- and 150-
knot conditions,

Looking back at the total rotor noise of the hover and 80-knot conditions (Figure 6(a)
and (b)), the differences between the 90 and 105 percent configurations were 5 and 6 dB.
Thus, considering all four flighit speeds, It is seen that in terms of total rotor system
OASPL, the 90-percent configuration does offer ,in average noise optiliziation of 6 dB,
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DETECTION DISTANCE:

The aural detection distdnces for the variOuS confiujuritions arw shmwn in Fiqurvs 7, 8,
,dMlI 9 uid W ,re iase. tml tn ;()w, i odtW ,, Jru d hiIll rnhieIlt l)a(:kiol1iFnl 11oiSe CLJrVtS
of Figure 4.

In the hover condition, detectability is established by the main rotor noise (Figiire 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 ipeed, The combined signature of main plus tail rotor noise did not increase
detection distance, because the tail rotor's 1/3 octave noise levels were significantly below
those of the main rotor.

The 80-knot condition shows the main rotor dominating the detection distance for all
configurations (Figure 7(h)). 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 fitlure was much less detectable than
the main rotor and produced Wn optimum point for the 90-percent configuration. Again
it is seen that the combined aircraft signaturel Cd mo-in plus tail rotor did not increase
detection distance beyond that already established by the main rotor,

In the 120- and 150+knot conditions (Figure 7(c) and (d)), the; inan rotor detection dis-
tances generally did not increase with the increases in tip speed; rather, at 100 percent
and 105 percent, detection distance decreased, On the other hand, the tail rotor grew
progressively more detectable. In these two highest speed conditions, the tall rotor
detection curve rose above the main rotor' curve. The main plus tail rotor curve of
Figure 7(c) and (d) shows that the ta il rotor, from about the 95-percent to the 1105-per.
cent configurations, increased detection distance both as a function of increased tip
speed and increased flight speed, In Figure 7(d) (150 knots) the tail rotor noise, when
added to the main rotor, increased detectability of the 105 percent configuration from
9600 to 13,400 feet.

Generally, 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 Cofifigurdtions fell within a 10,200. to 12,000-foot spread
(18-percent increase), At 150 ,(nots, however, the tail rotor dominated noise and uxpan-
dud the overall detectability spread out to 13,400 feet (31.percent increase). This
information tells the designer that at high speed (160 knots), aim , tail rotor configura-

tions beyond 90 percent would be unacceptable due to increased detectability. Further, !
it indicates that the tail rotor should be acoustically redesiglned (quietenad) so as not to
exceed the main rotor detection distance,

In summary, the choice of an optimized tip speed corfi guration ir terms of m1inimmn 1
detectability required consideration of several factora: 01) the data rersults did not pro
duce a family of coilcave curves with a low nmidpoin~t to inllICato Lil olptimn'1,1 tip, speUI;I(2) the main plus tail rotor curves of Figure 7 tended to be convex, resultintl in favora-

ble tip speed configurations ocCurrinq at th. curve end l)Oints of either 80 percent or
100 to 105 percent; and (3) the I ,0-knot condition was anm exception due to the pro.
nounced effect of the tail rotor, Therefore, an optimized tip speed co' ifigur;tioi chosen
on an average basis for mininurii detection distance was 100 erLetl t. T'his 100 pemcet
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ip spet'dC i I Li c 111f1' Ir~mes it a )St chtoice I )tIwminIItI ~tit, )1 o F (Iur 7 at id thet
lwicomp~otlent weighlt valueos listed inl Tohle 1,

Figiure 8 and 9 show detoc tahility t itids, of the vilimi s coll tlI mi tioils undet mootv
and~l high backgrounid noise levels. Thet trending cuirves are) simlilar to those of Figuru) 'I
huit show loss infIlections its ambient noise levels Increase, Thu average maximumn detoc-
tion distances decreased from 12,000 to 7,000 to 3,000) foot mt the amrbiont noise in-
Creased troll) IloW to MOdelitt to high ill FiguLres J, a, anti ,) respectively. Increased
levels of ambient nisoi~ reduced detectability by a factor of four.

OASPL AND DETECTION DISTANCE COMPARISON

The maximum) chainge inl DASP L fmr any orin) fig ht condition was 9.5 dB (Figure 6(b)).
This, could laud one to roughly ost imatte that detection distance would bit doubled almost
twice (vach 6-d B increase it) sountd pressure. level doubles detection distance when only
frau I old spherical sproadinq is conside~red).

E aiatiOil Of thu compu-ILted change in detec tion distance of this samve flight condition
I Fitiart 7 (h)) shows that only at change1 f1 ont 10,400 to 11,800 feet has occurred. Thu
ma11sonl for this small Change is that detectability computations include a number of factors
Suich as (lt) listeneur's capability, the noise spectral distribUtion) of both the source anti the
listeneor's ambient, and thu total atmospheric attenuation affects between the source andi
thll I stvner, OASP L, on the other hand, is a single value summation of noise spectra
and is not dependunt Onl spectral distribution. Because of these differences, OASPL Is
not at reliable means of equatin inj single1 value of ntoise level to atit measure of dfetectionl

Inl hovel and the 80 knot II iqht 4peed, GASP L Increased almost linmarly with Increased
till spaeed while? detection distanve reached maximumi lit the 90-porcant Conlfiqu ration andi
did not siolliicantly chlange thmaftcr. At tilt latter two flight speeds of I20 anld 150
knots, OASP L optimized tit 90 perce'n Detectability, however, optimnized at the 100,
pi cet t ill spewed diesignl Al so t ilt ' il rtaSid deMttbility of thet tail rotor dus it ow as
not I, Volon inl the OASPL ti ends. Thlt tail roto Was founld it) dom11inate! detectbility
beyn d the D0polcecol gt L"lli~at iLn for thlt 120 and 150 knot conditions. This provides;
a valid reason to further invelstigate thet tail rotor to detiiu no what Measures10 canl be
taken ito bring its deteictability down) to the otax0imuntil esta11bliSlhd by the main rotor.

EFFECT OF GROSS WEIGHT ON NOISE AND DETECTION

As the vat tins helicopter cniua in ci etnntally de1creaolsed inl till speed (while still
maIt Iai nit tg PM P) the n0iot. olf l ct w as tl Inc lease inl gross, ai rcrafIt we igiht. Reasons lot
the weight increase were)

* As itot rtill sli ev~I wast% tInctlu, solidity ili wt eased a 0tp ro xinl tt 1iy tsIhe it worse
ol the ratio oft thlt sqtii ith the till speedti For 0i lixed disc Ioa~dittg, this
resulted ill anl iictO..io Inlad citi(loid, wti(clt lartItor reslte in aInraeI
totoi piolile fim.) ttid ln'tot more power was rinpuild.
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The increase in blade chord, together with the reduction in tip speed, resulted
in increased rotor and hub weight.

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

The increase in the weight of the structure, equipment, and mission fuel
required the size of the helicopter to increase In order to retain the required
payload capability and mission endurance. A 20-percent reduction in tip speed
resulted in a helicopter with a gross weight increase of about 10 percent.
Weight increase is summarized In Table 1.

Over the range of tip speeds considered, Increasing tip speed reversed the above trends.
A 5-percent Increase In tip speed to 735 fps (105 percent configuration) resulted In a
gross weight reduction of about 1 percent. Increasing tip speed beyond this range would
probably result in detrimental tip Mach number effects. This in turn would Increase
gross weight because of propulsion system growth.

To show the trending effect of gross weight on noise and detection, the abscissas of
Figures 6 through 9 could be relabled with the Table 1 gross weight values corresponding
to the tip speeds; for example, the 80-percent configuration corresponds to 6318 pounds
and the 90-percent configuration corresponds to 5922 pounds, etc. The same observe-
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 (g0-percent tip speed);
for detection distanne, 5708 pounds (100-percent tip speed).

TACTICAL AND SURVIVABILITY COMMENTS

Reference 8 shows that survivability Increases when firing time (the number of rounds
fired) Is reduced. Further, it shows that there is no survivability 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 terget'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 detected gun threat with only a 9000-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 analysis 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 Reference 8.
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CONCLUSIONS

Baled 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 I;n terms of overall sound
pressure level.

2. The 100-percent configuration (700 fps) Is the most suitable design based
on its better overall detectability and component weight characteristics.

3, Overall sound pressure level values are not reliable as a means ofdetectability, .

4. Increased ambient noise levels had the (qradtest effect on reducing detection
distance.

5, The methodology used in this investigation can also be used t6 detormind
the noise reductions and detectability benefits gained by varyin(4 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 during this analysis, it Is recommended that:

1. The 100.percent configuration tall rotor design be Investigated further to
optimize its noise characteristics so that It will not be the source of
detection in the high forward speed condition. Reduced tip speed for the
tail rotor Is a recommended approach.

2 In choosing a rotor systom design for minimized acoustic detection, rotor
noise levels and listener background conditions be predicted, preferably In
1/3 octave band spectra, When combined with attenuation factors and
listener capobility, this data will provide a reasonable basis for determining
detectability, Furthermore, individual noise contributions which establish
detectability can be traced and modified for quieter, less detectable aircraft,

3, OASPL values not be equated to detectability.

4, A noise/detectability analysis be performed in conjunction with performance
design studies to select the best aircraft design to meet acoustic detectability
requirementJ,
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APPENDIX A. PRIMARY MISSION PERFORMANCE REQUIREMENTS

The primary mission performance requirements of the ASH Include the nbility to attain:

[ a A 450-ft/min, vertical rate of climb from out-of-ground effect (OGE)
hover, at 4000 ft pressure altitude (Hp), 950 F, using not more than
95 percent of Installed intermediate rated power (IRP) under zero
wind conditions.

a * A cruise speed of 120 to 150 KTAS at 4000 ft Hp, 95 0 F, using not more
than maximum continuous power (MCP). . .

0 An endurance of not less than 2.5 hours based on the following segments

at 4000 ft hp/950 F conditions:

1, 8 minutes of ground Idle power

2. 30 minutes of hover OGE with zero wind

3, 30 minutes of 40 KTAS

4. 30 minutes at hover OGE with zero wind

5. 22 minutes at MCP cruise speed or 150 KTAS, whichever is less

6. 30 minutes fuel reserve at 120 KTAS

Segments (1) through (5) are to be computed at primary
mission gross weight, Segment (6) is to be computed at
primary mission gross weight less fuel burned In segments
(1) through (5),

* A minimum normal accelvration of 1,50g In a symmetrical pull-up from
level unaccelerated flight at 130 KTAS,
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