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SUBJECT: USAAEFA Report, Preliminary Airworthiness Evaluation of the UH-lH
with Hot Metal Plus Plume Infrared Suppressor and Infrared Jammer,

USAAEFA Project No. 80-06

SEE DISTRIBUTION

1. The purpose of this letter is to establish the Directorate for Development
and Qualification position on subject report. The report documents the test
results of the subject cvaluation and substantiates that the handling qualities
of the JUH-lH with the Hot Metal Plus Flume Suppressor are essentially the
same as those of thu standard U1H-lH helicopter. The tail boom surface temper-
atures were generally higher than those reported by Bell Helicopter Textron
for the initial design.

2. This Directorate agrees with the report's conclusions and recommendations.
Additional design development is in progress by BHT under Army contract and
further flight testing will be conducted which should accommodate the
recommendations and conclusions of this report.
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INTRODUCTION

BACKGROUND

I . The United States Armii requires a reduced infr~lrcd I R) signatLore and
increased protection from I R seeking wea4ofs lor its airer-ift. To achieve these
goals, the US Army contracted with Bell eliccopte:r l ex ron (B31 If) to dCVLIlop an
installation to accommodate. a Garrett Ai Rew~areh 6ianufacturing Company
(Garrett) hot metal plus pluime I IMPP1) I R suppressor ipnd anl AN/AL0- 144 IR
Wilmer on thle Ull-Ill helicopter. '131IT was requie t irose tcasi'tility or the
FIMPP IR suppressor desitin. condlact limited flight testing. and assess IR
cooling.Flight testing of thle inlitial 'dISign1 by MIlT showed that the suppressor
pressures andi the suppressor and tail boom tenmperatures were acceptable:- however,
the directional stability' characteristics o1 the aircraft were degraded. lilT initiated a
redesign of the suppressor anid Jnimeicr installaitiu to reduce the airflow dlisturbance,
which was believed to be eausint! thle de-radation of directional stability. The US
Army Aviation Research and( IDevelop~mcrit ('otnimind CAVRAI)COM) directed the
US Army tsviation FrnginecritiwL~le Achi~ity WS.AAI±A) to perf'orm a
,ireliniinary airworthiness evaluiatlo,; WI )~ of tile 11-1 \l-tllwt the redesigned IR
suppressor andi jamimer inistallattio:l ref I , ppil A). A test plan (ref' 2) was submitted
in January 1 981 and an .Air\&ort hmNes Release i ref 3 was isý,ucd in February 1981.

TE-ST OBJ EACIV I S

2. The overall ohickti~vN (it illiý P.XI %%rk e t'Jto dcrnninc if the redesigned
suppressor andi jammner inslallAtin luti2 lt, handlingv qualitics of' he ILl1-1ll
and to conduct a stmey Oc ' S1 suppi es1o preSiires, and sopesrand tail boomn
temperatures..

3. The specific tL'st objectivc; %A crc

a. To proO~de l1iiantitAl\ c mnd qiit~alttiric [igtht test data of' thle aircraft
handling qunalities.

b, To dete-rmine mrpt'evsor pr-c~surcm and sup~pressor and tailboo"m
terniperatutres.

DESCR IPTION

4, The liff-III i% a tlirtee-cti-1Ii, ~imeký eii.ie hkh~optecr uigaSing1Lc two-blade
teetering main rotor andl pti~ho lail rotor. -11, ic 'ii\itiulii -cross Weteb! oIf tile
helicopter is 0500( pounds. Power ;ý ptriimlc,! !)- i I ' vm 1e534-1,3 free turbine
engine rated at 1 400 shalt h irSeptI'4wer (SI IP1. II iWL'\er. tilie helicopter is limited by
the transmission to 1100) Sill'P. A more- comipl,,tt dcsýcripition may be found in the
detail sieeification iref '5, a pp A) and the oper~itor% manutal I ref 4). Fihe test
helicopter was a J [l-,l SN \ ()-l 4z53f1_ he sirmitcant external differences fromt
the standard ( Il-til %kcre enio-tm i ot thew ca rgo hook anti the
addition of at airspeetd t'ooil0. 5 feet lonig. iounticd onl the cienterline of the
helicopter .:t the basew of tli%: tsiritsliivld center post. lInternal differences consisted

- ~primarily of the instrimicniealio n ste4m. These diffterences had no sig nificant effect
7on the I'light test rU~t-sts. . ....

Best Availlabe Copy



5. The IR suppressor and jamnmer installation consisted of a Garrett IIMPP JR
suppressor, originally developed for thle All-IS helicopter, an AN!ALQ-144 IR
jammer. and a redesigned aft engine cowl to support the suppressor and jamnier.
A more detailed description of tile I R suppressor and jammer installation is provided
in appendix B.

TEST SCOPE

6. Flight testing was conducted at E:'dwards Air Force llas,% California. ielevation
2-302 feet) andi Bakersfield. California. (elevation 490 feet) during the period
16 January 1981 through 18 May 198 1. A to.tal of 10 flights were conducted during
which 20.7 hours were flown. Te'sts were conductcd in two phases. The first phase
consisted of an evalation01 Of handling charac!eristii. with primiary emphasis on the
lateral-directional stability characteristics of' the aii raft with the. I R suppressor and
jammer installed. Dl~aa were also taken witl) lhe aircraft in the standard
configuiration as a basis for comparison. The sewont' phase tests were primarily if
survey of IR suppressor pressures and suppressor .inrd tailboom temperatures. [Highit
rts.trictions andi operating limitations contained in the airworthiness rele ase (re I 3.
app A). and the operator's manual (ref 4) %%ere, (l,ýri~rcd Where possible. 1liight testl
data were compared with the applicable speci`i-ejuis)n ic ,ind (0) and "ith data
obtained fromi.previctis test% of tlie UI.l-11 Ii ici, 7. 'K. ind 9). Hlight test' %verc
coindutited uinder t tne condit ions SpCCI l'ied in i die I 1

TEST MIETHIODOLOGY

7. Established flight test techniques were used t hi rnH101li m this Ctaluiation
(ref 10, app A). 'Test methods Lised are, briefly dISCUSSedi in the Resuilts and
Discussion section of this report. [hic hdli indin qunalities rating scahle MQRS) shown
in figuire I . appendix 1), was. uised to ,upplenient p~ilot comments on handling
qlualities. All flight test data. durine, time iaiidlin'' quulities tests. v* ,re obtained fromtcalibrated lest instruinintaticrn and were recorde~d on mnagnectic taple. lData obtained
dutring. thme pressuire' temperatuire suir' c were recorded both un tnagnetic tape
I pres~sures) andi by hand front cockpi. instrumentation ( temperaltures). A detailed
listing of thie test instrumentation is contained in appendix C. [-lie det"imiitions of
deficiencies and shortcomings used duiring, this test andi Ldat analysis Methods used
are preseated in appendix 1).

Best MI12~ Cp
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RESULT AND DISCUSSION

CoLN LR AL

8. rhis P.Xi wa"s an1 evalulationl of a redesigned I R :tilppressor Mid IR jamnmer
inlstallation lor the til l-llf helicopter. Tile ini!ial dlesign was reported by BIT
(ret Q ajpp A) to have caused a degradation in directional stability'. Thle installation
was redempiged to reduce thle airflow disturbance over the vertical stabilizer. This
evaluation x% as conducted if) two phases. Phase I was a comparative emaluation of
handling qualities of' the t 1l-11l in both the standard and I K suppressor
con tieurat ion-;. Phase 11 was primiarily a pressure and temperature survt y of the IR
suppres,;or corifguratnm. Fihe hiandlint! tualities of' the till- IIl helicopter were
essen t iAi I 11)I1 y Lu hVhnge1K Ill, IFZ so lppess r n d IR J amnme r installation tested. The
previouslyr reported degradationt in directional ~tability %%as not obserVedJ di'ring this
test. [hle tail boom ulac teniperalIt ' iire wcrc enril higher I hin t hose reported
by B1I1I for the miniial dhcsin ind li the tructUral implications of' these higher
knifperaftures should lie insestigAtetl. ( )ne dctikienev. thle metal to metal contact
betweenI thle engine e0.haust ejetor ýint lite IR suppressor innereiore stiitport Str~itS,
was ILIentitfCLd. INo4 new\ SpeCi Fictini (iin-c'tiiimpmaiccs were tilteintited is a resuilt of
the IR suppressor installatiton tin Ltie 1 Il-1Il hieli~optcr. Ihrce" sh~ortcomiings were
identified.

HAND)LING. QUAF.ITII'S

General

9 lme mamtl~~m~t~ualt~e ott~m t Il-ll t rc es ialaet mt thie test condtitions listedi
ill table I All tests %ere conttmieteýd mismQ 4tindardtl fligt ttest te'L iniiques ( ref* 10.
apP ) Tsts %%ere coiilmiilL wtilth thle FR skipprvs.,or and FR jaminmr installed
and repeated "titll thle ,fankhdri 1,1'Fl-Itftipp IllstAllet. 0.11i obtadined from fitese
tests, were %onimpart'tl to tiltrnmimi if thIint,- n ()rati Iit olithe Illlwere
signihicanttv\ I af''etetl by tile 1INitstititnm t) Ilic 11< tiipleirs tilirco ,A'1. Addtitioiially.
data wecre LoMimllxire %with l1reWtlls tIýSof, (1 f.1 mitlnartl 1 I111 ( ret\ '7 aind '8) and a
previous lcinoh til,' FR stipl-es-sor jrmt.0rimoii t ret ill k'Lt re'milts show that thle

Iln IM2timlities., ()f Ime I FR- It ark, ;,-scint~llý tmijiielmamtf time imlst;il;lation ot the
IFIV R upmprcssvimr mid AN Al Q-l 14 .iumiiier

(otitriit Positionis ill Iriiitittd F'orwardt Aighitt

I o, T~ile control p-sittow, wecrec aLiiate111d inleol 111i1,1it intl inl chin'ý Ni.1d descents.
Test results are it~'Lt l in titires I thiroiil .1 h.ieit I Flie kontiol position%
in trimnmetl l'orwartl titehit \xkcrt CS-wnii.1lx miem iidtromi thet imthntirtd 1,111- I[l.

static I olugit udia,;al sta1Iiblt

11. Fe-&;tswereý etinld1tetl' in1:elf1,itto 'ti time, standard .iitt[the IR
stipprcssor kontigmir itions ('imimls sý crt eondliieted it inei it'rater power (IRP)
and tle:Sconts were, .iiltkfkt0ckh At ip,1lio\1iiiatek It0 ptiird, per simitate inch (psi)
indlicaited enin'le t ir(" pie.lm tile IR stipipjrssiir )ii~iur ti' \mi . t).mta ate presented
in1 tiLires '7 tlimroueh if). ipl~enklo, I [lite .mn', raf't oe.htiibitt piositise longituldinal
control lorce midt pt'ýinm.)m jaIml~j% t~ r alt Coinmtioiis tested. Qua'ij titm~elV, tile

st~~ii''tih~r eliI (ilrhiStt~ l &liiiiie 1 .tm'T nlf dcskt't'its were snlall~r to) tlo-se of
the st~irimthlir 1 I1-I I1 ami, .,itt lI Il t' sAti Ion'it1imtfiial NUtAiht \was cs-n'ntially
unlchangt-ed I- thte 01kt.lul 'ii lEl kippfic 't'sntl

4

803t Avzf!w-;'n c



-~-A

Static Laccrall-IDirewinnal Swabiliw s

12. The tests %`,CC it Cnfltliittct ill ICl'V21 Olit, cilni, and descent. The standard

eonigtratn w' ealutedin xcii~wi (ni Ykst rcxiilts ire ir 'sentc(1 inl
tligUrcs I i tltiotgli 14, ,!tlpcvtd,\ I .I hti lest aiitxi~ilt exhibited both positive
dirc'ctionaI stabrilixt iilt

1 po d \t iltl,il ci feclkt. A LitnCIt coitparison between the
IR suppressor config-uratrari (lit I I1) and the standard config.uration Mfg. 12) shows
Oessentiallv no0 cIianŽe inl late il-ireet io ail stabili tt scaracteristics. Stability'
chtaraicterit;tics tiirin' clinl'> midtl *tiiclit' qiiatcti u eeineliinged from[ ~standard U111-Ill .1lLi'lt.li. >I h' N1 . it i'tl'dlif hivs~liix ol tire- I11-111 a ircrafIt

wasSII.l essentiahird Ii'vn t OIL I!,, ls.,liiii I R w1 siij'prý-Ssor slostttii.

13 Ilie ii~ii. xciiii i~i'iii &'.ii.i, 1 \\t (It, CvJ11iljci LIiisii constant
aiurstýCll (It'l iid tII n trill' xx11ý itli It'll, " I c cm~l iitl LOA 11 iX-1:t tic Iiiitial trim

poiio lh t'I"s4IiL kii h ol' til iiiilpiltis. I ,i~lshixlo. Thed stick-fmixdir

s;h~itliitv icoiulht't 'xI ';ix 't \, ~ tr xxJx s I -! ! OIL' ( lie t iiittiirs tested.
Control polsit oin '.-i~ intir xxcrc ,iimhi~iii i'r 1miii (illilrilii . Jl~tiuititiVel thViVi

(Li> ~ ~ ~ ~ ~ ~ ~ l, 0)1ll ILii 0111 l*i,' >c i ,i~~, ' \h t d titort. il

Standanrd Silitl

on Ic r m drtil iiilit ý i is: air t Il.It I JII L I ktt11111i Atix iitl It)(I IIIC CI N .1 e Siii flitc

[lt\%ri ciuiti 2 . I R tlpi wvill l m, I 'jut'.lik h I , I it-x' uIrtii l (i tl'4T1 ~ p[liur11lo l1 61N

lb. I t111 lit .L IcTA iliiillii n(1m'1 it% I :1, AJ l I u (Iltci~t, k,,L , iicl ii I i I a Ic instn

xlii irih t it I-i lc i Xi4 , iii I ri: .ii n i.'.x' hi,- R il t i Lp iilii, ii it 5c hadnot

sjuiSeweni HiuAt C uirtiuli'cirisiin.i uitu 1 trtihls c atidcto

"kidli iIL~ (,1 . 1 01 Ii: ' I iii I m d I ili.ii1.*l % t jl 5 k o



Forwaird and Rearward Fljight:

17. ril results of the forward and rearward fli Oht tests re presented as figures 29
and 0. appendix F. Figure 30 shows that at rearward a -speeds of 16 to 29 knots

true airspeed (K"TAS( fforward oug 13-2.1 )less than IC, percent aft longitudinal
control niare-in remained. The a ft longitudinal control in r its which were necessairy
to control the aircraft pitching niot ion within the 10 to 15 knot range resulted in a
higher pilot work load (HOIRS 5). as documented in reference 8. appendix A.
D~epeniding on pilot seat posNition. lihe pilot miaN contact equiipmfent attached to his
survival vsest with the cN, die prior to reaching the full aft longitudinal control
p)o-ition. rile lack oft .,dequLale loingit ud inal control inargin wvithin the specified limit
oIf the oper-ator's mantinal s~:Sp.~i Isl~ rported as a dc I icicncy (ref 7) and was not
a result of the IR siippresýsor aud ainnier installation.

Sideward Flight:

18. The resltst ol' The lef~t and ri!ehIt ,idkeward flight tests are presented as figures 3 1
and 32. appedisi I [le lon,_ittidillal trimi shift of approximately 2.5 inches during
left sidesk ard hliii~h Ibet%%ee 8 and 15 KTAS is chiaracteristic of the standardUI-
iref 9. app %) 1 ad conl t ribio-dit)i Iito Iih pilot Asork load ( I IQRS 5). Figure 32. shows
that ;It thek lef't smtl\AirdfIi'i limit of 35 KTAS The ritzht directional control pedal

Swa cotaced.l'i~iadeqtatc directtional .'ontrol mlareLn wads previously reportJ
as ýI defi' icnexý I 'r thle stamidaird 1 Il-Il1 (refI a1nd wajs not a result of the IP
suppressor mid iaminiimr installation.

.%fission Mlancinserint. ( hiaracieristics

11). Cont-ned are~a operations, phinnacle operations. Imp i~ f the earth and contour
tliehit. non-plrecisa'm mid precision inst rt imeilt appr macIles were performcd in light to
mloderaie tuirbutlence to es ahutjute airc-rAft h~iandlin characteristics in turbumlence. No
deeretLation ofI band111!ing qulities" due1 to thek 11' Suppressor installation was observed
duiring~ o l~rat hio n tI rb-iitIcc nec rime.ureraft response fromn Iigut to mode rate
turbutlence -ss a esctiahll uinc:hanged from thle stanidtardtl 111-1If.

Simulated Fngmine Failures

20. Simula1.ted eng,-ine faiulircs %%cre performed in leIcW 1 fit I)\ rapidly rolling the
throttle to the fhigh t1 idle de~tent. H7 i~h1 controls were ie Ii f: ed until activation of
the lowv tmiin rotor speed wdioi tone. Data ire presen r id it, imures 33 through R).
appendix V-. Tests showeL-I no4 deeredation of' IMIý hnh ic LI.ities dute to the IR
suppressor installation. Thme aiircraft response to si ~tCengine failures was
essenfialls unclaneuld froum thmi. staindard I'll- Ill.

Pressure Snrvey

'I . Static and total pre:,Ssures surrounding the I H sup-ressor wkere recorded at
thle jest conlditionls liste-d In table1 I. [ lie IN pe and locitiomn of" the pressure sensors
are -,howqrl in Irli'l 1. appef)dil\ .l'essii re data is provided in tables I and] 2.
appelihti I.

n X



Tempratre Srve

22. Temiperatuires surrounding thle IR suppressor and along the tail boom were
recorded at the test conditions listed in table 1. The locations of* temperature
sensitive tapes andi tlternocou ipes are shown in table 2. appendix C. All recorded
thermocouple and templcraturc scilsiti~c tapc "Izta are presenitted in tables 3 and
4, appendix F. Generally higher temperatures were observed than those previously
reported by MIlT (ref' 9. app A) f'Or the initial IR suppressor installation. This may
be accountedI for by thc redesign ot' the I R suppressor installation which resulted in

a5degree depression 
of the IR Suppressor 

exhauist centerline. 
A comparison 

of
miaximumn tail bxoom teinipt:rat tres obtained during this test with those previously
reported by BI IT is shown in fiý-utrc 1. Ani incrcase of 8O' 1: duiring hover and 140* F
during low speed flight Was bobserved. Fuarthier investigation to determine the
structural implications of' the high tail boomn temperatures observed during this test
should he conducted prior to release f*or field operations.

RELIABILITY AND) MlAINTAIN ABILITY

G'en~eral

23. -The reliaibility and[ niaintaiiiabhitil of the I R suippressor andi related
comlpolielits otf the installation ccev ilitated dlurinig both phases of testing. Phase I
testing wais pert~orined using in IR l Nppresmir (AiRese.rchi S N 39)-Dl) ) which had a

totl o 23 tieh horswhen it arricd at t SAAI FA. A new IR suppressor
(AiRcsearch SA 1 29-147) was p~rovided- f'or ph~i'c 11 testingy. The new IR suppressor
incorporated miodifications which wAere doogignd to prevent cracking around the
inner core support struts.

Phase I Testing

24. The I R suppressor %as- found to lie susceptiblle to cracking around the struts
which su pport Ilie inner core of (the suppressor unit. When the unit arrived at
IISAAI' [A. numerous cracks were discovered. It appeared thlat if flights were
conducted withbout first having the unit replaired, smnall t rian,,tlar pieces of metal
could bet dislodged f'rom the inner eore of the unit I lie on it %%as repaired by welding
prior to installation. U pun coniplet ion of PhaISe I te:stS, 0.5 flight houirs) cracks were
again observed ~in the area where the repair61 had been miade as well as small cracks at
each of' the remaining struts. The ;tiscvptbi~II of the I R suppressor unit to cracking
is a shortcoming which should be corrected prior to toltho"-on redesign.

25. When atteninpting to latch the engine comdt huv open using thle latch provided
near the tail boom1 atltachment01 po0int. filie ellninc cowling contacted the IR
su ppresso r ta iring anid cout ld niot be !l, cli d withou'nt d o no nin g the engine cowling. If
not latched, the engine c~mi i ng coild ,IIi Cas d a In .gC to the fins on thle tailpipe. of the
suppressor. The IR suppressor installationi shouild allow the engine cowling to be
latched open in thet -;.tite iianner as Ole p~roduction t I I-Ill1. The inability to latch
tile engine cowling inl the open Position is a Ohortcoming, which should be, corrected
prior to follow-oni redesign.

26. A small ninnnc-tpetondoor %%a,, ptunided oin the left side of the hR
suppressor fairing only'. To f'acilitate mniaitctnaile .ind preflight inspections, a door
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should be provided on the right side as well. The lack of a maintenance-inspection
door on the right side of the suppressor fairing is a shortcoming, which should be
corrected prior to follow-on rcde;ign.

Phase 11 Testing

,27. During removal of the new IR suppressor, warpage of the aft outer ring portion
of the exhaust ejector (Bell part no. 205-068-217-101) and metal-to-metal ccntact
between the exhaust ejector and suppressor were discovered. Score marks on the
leading edge of the IR suppressor struts plus warpage and torn metal at the aft edge
at the I o'clock position on the exhaust ejector indicates ejector movement of
± 1/2 inch against the struts (photos I and 2). The IR suppressor struts and exhuast
ejector areas were carefully inspected on each daily aircraft inspection. Damage to
the above was discovered after 3.1 hours of low speed flight testing and 1.5 hours
of ferry flight time to the test site at Bakersfield, California and back. Continued
metal-to-metal contact between the engine exhaust ejector and the IR suppressor
support struts will cause structural damage to both components and a significant
reduction in service life. Should such structural damage go undetected, portions of
either component could break loose and cause damage to the airframe. An
Equipment Performance Report ([-PR) (80-06-1) shown in appendix F was
submitted during this test. The mnctal-to-metal contact betw'en the engine exhaust
ejector and the IR suppressor innercore support struts due to the positioning of the
IR suppressor is a dcficieccý, which should hc corrected prior to further operation
with the IR suppressor installed.

28. The IR suppressor (S/N 129-147) exhibited four burned areas on its outer
surface immediately aft of the fiberglass fairing (near the trailing edge of the IR
suppressor struts). The largest burned area was a-)proximately 6 by 2 inches at the
end of Phase 11 testing (11.2 Ilight hours). An FPR (80-06-2) was submitted and is
shown in appendix F. I'urther investigation of conditions creating burned areas
(hot spots) on the I R suppressor is warranted.
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CONCLUSIONS

GENERAL

29. The hlanIdling qualities of' thle UJH-I Ili lieIlcoptur were essentially unchanged by
the installation of the I R suppressor and jammer (paras 9 and 19).

30. Tailbooni surface temperatures were generally higher than those previously
rcported by BHT for tihe initial design of the I R suppressor installation (para 22).

31. One deficiency has bven identified as a result of (1h0 IR Suppressor and IR
jarnmler installation on [lhe 1_1Il-Ill helicopter (para 2 7).

DEFICIENCY

32. The metal to metal contact between the engiine exhaust e-jtictor and tho IR
suppressor innercore support struts due to thle positioning of the IR suppressor
unit (para 27).

SHORTCOM INGS

33. The following sliortcomiiigs were identiflied during this test Lind arf- listed in
the order of importance:

a. Thel( susceptiblility of the I R suppressor unit to rockinmg (p;ra 2-4)

b. The inability to latch the -ngine cowling in thie open position (para 2-5)

C. The lack of' a main teiiance-i uspection door on thle right side of the

Su ppressor fairing (para 26).

SPECIFICATION COMIPLIANCE

34. No new specification nion-coinp~iances were identified for the 111-111 Lis a result

of the JR Suppressor and janinier Installation.

1If



RECOMMENDATIONS

35. The following recommendations are made:

a. Correct the deficiency listed in paragraph 32 prior to further operation

with I R suppressor installed (paia 27)

b. Correct the shortcomings listed m paragraph 33 in follow-on redesign

c. Investigate the structual implications of the high (maximum of 340' F
observed) tailboom temperatures observed during this test in follow-on redesign
(para 22)

d. Investigate the effects of the burned areas (hot spots) on the effectiveness
and serviceability of the I R suppressor unit (para 28).

A
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APPENDIX B. DESCRIPTION

GENERAL

I . The test helicopler. US Army SIN 69-15532. was a production UHf-IH
modified to accomodate test instrumentation and] the IR suppressor and JR jammer
installation. The principal structural modification wý;s the redesign of tile aft engine
cowling to provide support for the JIMP11 IR suppressor and the AN/ALQ-144 JR
jammer. Photos I through 4 show thle test aircraft with the IR suppressor. IR
jammer and test instrumen tation ins~talled,

JR SUPPRESSOR SYSTEM

2. The IR suppressor installation consisted of four major components: the engine
exhaust ejector (photo 5). thle JR suppressor unit (photo 6). and an AN/ALQ-144
jammer (photo 7) which was niounted on top) of the cowling assembly (photo 8).
The IR -suppressor is a plug-type supprkessor inantiflictured by the Garrett AiResearch
Manufacturing Company. The suppresor uses I ire size andi shape of the plug to hide
the hot engine parts. The suppressor also had circuinferentially oriented vents to act
as an ejector to entrain comnpartmenot and amibient air to mix with the engine
exhaust, thereby reducing exhauist gas temperature. Airflow through the engine was
extende~d aft and uplward bly the exhaust ejector and the IR suppressor. An
insulation blan ket was installed onl the engine exhauist ejector.

-1. The weight of the :omn ille installation was approxinmately 127 pounds.
The weight of' the orig-inal aircraft components replaced by tile suppressor/jammer
installation was approximately 26 pouinds for a net weight increase of 101 pounds.
The aircraft basic weighit andi longitudinal center of gravity location (with test
instrunmentation andi IR suppressor andi Jammer insta;lled) was 5930 pounds at
FS 142.0.

4. The lR suppressor and IR jaininer instal~ition evaluated during this program
was a redesign of a previous installation which was reported to have caused a sign-
ificant degredation in directional stability (ref (). app A). The redesigned installation
allowed both the JR suppressor arid tire IR jamnimer !o be lowered in order to reduce
thle airflow disturbance over thie vertical stabilizer.

FLIGHT-ENVELOPE

5. The JUIJ-l 11 with the JR suppressor and JR jammer installed was cleared for
flight within tire flight envelope specified in the operator's manual (ref 6, app A).

15
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APPENDIX C. INSTRUMENTATION

The airborne data aquisiticn system was installed, calibrated and maintained by
USAAEFA. The systcm u'.d pulse code modulation (PCM) encoding for standard
handling qualities data and pressure data. Magnetic tape was used to record
parameters on board the aircraft. A test instrumentation boom was mounted at
the base of the aircraft windshield and extended forward for 9.5 feet. A swiveling
pitot static tube and angle of attack and sideslip vanes were mounted on the boom.
Temperature data were recorded by hand from a manually selectable digital display.
A total of 24 thermocouples supplemented by temperature sensitive tapes were
used. Pressure data were obtained using an electro/mechanical scanivalve which
sequentially sampled the differential pressure. The dwell time at each sampling port
was 0.5 second. Instrumentation and related special equipment installed in the
aircraft and used for this test are:

Pilot Station

Event switch

Copilot Station

Instrumentation controls anti displays
Event switch
Control fixture (jig)

Displayed on Instrument Panel

Airspeed (boom and ship's system)
Altitude (boom and ship's system)
Angle of sideslip
Free air temperature
Control position

Longitudinal
Lateral
Directional
Collective

Rotor spced
Engine torque
Fuel used
Tape correlation counter

Hand Recorded

Temperatures (shown in table 2)
Oil cooler inlet air temperature

Recorded on Tape

A4 ,-'Ved (boom system)
Alhiaude (boom system)
Xnglc of sideslip
Angle of Attack
Free air temperattLre
Control positions

Lo ngitudinal m4

24



La~ce.1

I)irtctional
Collective

Rotor speed
-npgine t(rlue

FucIl uscd
Tape correlation counter
Pitch attitude
Pitch rate
Roll attitude
Roll rate
Aircraft heading
Yaw rate
Throttle position
Pilot's event
Copilot's event
('enter of gravity nonnal acceleration

Longitudinal
Lateral

Time
Pressures (khoxon in table I

Best Available Copy



Table 1. Pressure Sensor Locations

Pressure Type of
Port No. Measurement Pressure Port Location

I Static preNSUrc 3 o'clock - 2 inches standoff at mouth
0o (suppressor (FS 2 13.3)

2 Static pressure 6 o'clock - 2 inches standoff at mouth
of suppressor perpendicular to center-
line through (FS 2 13.2)

3 Static pressure 9 o'clock - 2 inchies standoff at mouth
o I su p pressor 0: S 2 13.2-)

4 Static presso ic 1 2 O'clock - 2 TICheCS Standoff at mouth
01 suIppreSSor perp~endicular to center-
linc thr-ough F S 2 13.2

Static pressure 3 o'clock - I inch standoff from
Nupprcssor at FS 223.

6StAtic preVSSure 0 o'clock - I inIch Stanldoff from
Ml ppr-cssor peCrpendILicular to Center-
line tlirrOurlr. FS 223.7

7Static pressu~re () o'clock -I inch standoff from
Sýll)PrFCSor at FS 2123.7

8 Static presbUre 1 2 o'clock - 1 inch standoff from
supprecssor perpenldicu.lar to center-
lin,: through FS 22"3.7'

9 rotail pressure 3 o'cloc:k - surlVace ol sup)pressor at
first inlet

ICTotal preSSUrc 0 o'cloc:k - surface ol'suppressor at
first inlet

II otal pressure t) O'clock - surface of supprcssor at
first inlet

12Total precssue, 1 2 o'clock - surf~ace of suppressor at
first inilct

13 Total pressure 3 o'clock - surface of supprcssor at

14 '1otal prc:ssu rc 0 o'clOc:k - So rltace Of Su~pprcssor at
second~ finlet

15 ot,1 11esNUir r) 9 o'cloc:k - so r dct. of suppressor ait
second iiilet



16 Total pressure 12 o'clock - surface of suppressor at
sewond inlet

17 Total pressure 3 o'clock - surface of suppressor at
third inlet

18 Total prcssur. i 6 o'clock - surface of suppressor at
third inlet

19 Total pressure 9 o'clock - surface of suppressor at
wk third inlet

20 Total pressure 12 o'clock - surface of suppressor at
third inlet

21 Static pressure Aircraft static (boom system)

NOTE: Suppressor pressure sensor locations are illustrated in figure 1.
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Table 2. Thermocouple and Temperature Tape Locations

ThermocoupleI Type of
Number Measurement Thermocouple Location

Surface temperature 9 o'clock - engine exhaust duct (FS 213.3)

2 Surface temperature 3 o'clock - engine exhaust duct (FS 213.3)

3 Air temperature 9 o'clock - bctwecn mouth of suppressor and
engine exhaust duct (FS 215.3)

4 Air temperature 3 o'clock - between mouth of suppressor and
engine duct (FS 2 15.3)

5 Air temperature 9 o'clock - 1 inch from suppressor surface at
FS 223.7

6 Air temperature 1 2 o'clock - I inch from suppressor surface
perpendicular to centerline of suppressor
through FS 223.7

7 Air temperature 3 o'clock - I inch from suppressor surface at
FS 223.7

8 Air temperature 6 o'clock - 1 inch from suppressor perpendicular
to centerline of suppressor through FS 223.7

9 Air temperature 6 o'clock - between mouth of suppressor and
engine centerline of suppressor through
FS 236.2

10 Air temperature Inlet to the oil cooler blower

1I - 24 Surface temperature As illustrated in figure 2

Temperature

Tape Number

24 -45 Surface temperature As illustrated in figure 2

NOTE: Suppressor thermocouple locations illustrated in figure 1.
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* Total Pressure
3, 6, 9, & 12 o'clock

• Static Pressure
3, 6, 9, & 12 o'clock

E Temperature thermocouples
9 o'clock/3 o'clock

Air temp
3, 6, 9, 12 O'clock 16 20

-T
1" standoff

IY
Surface temp 3 Y7
on insulation 33 & 9 O'clock.//

/2

Air temo
,3 & 9 o'clock

1" standoff 14 8

6 v8 9o
SAir temp

6 o'clock Dos. only
1" standoffB 10 inlet to oil cooler blower

Ij I re I

L r|1r In .Fo l,or ,inr.. r I oc'tt i-on_
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APPENDIX D. TEST TECHNIQUES
AND DATA ANALYSIS METHODS

HANDLING QUAL ITIFS

1. Stability and control data were collected and evaluated using standard test
methods as described in reference 10. appendix A.

2. The Handling Qualities Rating Sc~ale tIIQRS) presenited in figure 1 was used to
augment pilot commnentCs relative- to pilot workload.

PRIFSSIJRUrEMrFRATUIJRF SURVEY

3. Pressu re- were recortied dLitring stabili/ed fligh t conditions using PCM
instrumnentation. I R ,uppressor pressures were referenced to aircraft b~oomn static
presisure by mteans of' a differential pregssure transducer and scanivalve. A total of
20 pressure ports~ oti the scaniv.alve were ulsed to sample thie differential pressure.
Pressures were nieasured in poundi per square inch differential (psid) and values
determitied bv avcrapintw the pressures recordled for each port using dlata plots similar
to the one sho%%n in 'fieire 2. rhe location of each pressure sensor is shown in
table L. appendix C.

4. Tcnefitures; %%ere hand recorded troum a selectable dtigital display. A total of
24 thernmocouples were osile. renit\eraturc senisitive taples -Acre used to supplement
thermiocouplei readtin-p. Fh locations of I he t herocouples and temperature s,,tisitive
tapes are showni in lab[lie 2. appendlix C.

AIRSPEEDf CALIBIR MTON

5. Calibrated .iir-siced was obtained by correcting indicated airspeed using
instrurnei-. and posit ion error corrections. file airspeed Iroin the boom system was
us~ed for all dat'i re:dliktion. Fhe ealihbration for tlie boon11 airsped System used
du~ring, this test is shown ini figure 3

D)EF:INITIONS

b. lDefillitions% of, deticietiews and shortconitini~s used during this test are shown

a. I eficienc'. - A LIc lec ort malfunction discovered during the Ii t' cycle of
an item oif' cim~m that constitutes a safety haiard io personnel: will result in
seriotus dat ua ~e to tflic e-qmipmcri if" oplera Iii t is con tinuLed -or iod ic~ites imniproper
desi gn or .t icr cmuse of' failtiire of anl iten or part. which seriouislN impairs thle
eqluipmtent's operat ional cpbbv

bi. Shorteomiln!' - An imperfectioni or tnalfttttcttoti occurrintg durinig tile life
Cy I1C oh' equilpilleil %k tidl nilust be reporited mid %% lidi should lie corrected to
in,-rease elfticietNc and to renlder thle equipuien t comipletely serviceable. It will not
cause an ininict m1i ae birek -I own j iolpa rd /e safe ope rationi or mnate ri ally redu Lce the
useability of tile ittaterial or ciud product.
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APPENDIX E. TUST DATA

INDEX

FigureFigure Number

Control positions in trimmined flit-lt I through 6
Collective fixed static longitudinal stability 7 through 10
Static late ral-d irect ional stab-ility I I through 14
Manuievering stability 15 and 16
Dynamic stability

Longitudinal long period 17
Longitudinal short period 18 and 19
Late ral-d irec tional oscillation 20 through 28

Low Speed Flight 29 through 32
Simulated engine failure 33 through 36
Pressure SU r.ey Table I and 2
Temperature sulr~c\ Table 3 and 4
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FIGURE 15 --

-I- MANEUVERING STABILITY . .....
* ~ JH1H SAS/N 69-15532 *.::- 7T77--

AVG AVG CG AVG AVG AVG: ;-ftIOII'T
* RSS - LOCAT-ION DENSITY OAT :ROTOR 7 ~ 1T~
WEIGHT LONG LAT ALTITUDE SPEED

o 8960 14241 (AFT) O.1(LT) 5960 7.5 324 ý67- KCAS LT TURN-
13'8960 142.1 (AFT) 0.(T 5940 7.5 34 67' 1=A Rr- IURNr
0- 8940 142.0 (AFT) 0.1(LT) 5920 7.5 324; 97- KMA LT TURN

S8940 -142.0 (AFT) -0.1(LT) 5940 7.5 324 97 KCAS RT TURN

NOTE: INFRARED SUPPRESSOR~ AND INFRARED i pow i
INSTALLED

TOTAL LATERAL CONTROL TRAVEL =12.3 IN.

-~1 7

.- 4

3a

-- 6 TOTAL LONGITUDINAL CONTROL I-RAVEL 12.2 IN.
0.

.i: 5

~ 3

u 2ý

0

S 0.80 1.00 1.110 1 40 1,60 1.80

C.G. 14ORMAL ACCELLPATION (G)



FIGURE :14 6!*Ii~~7:j:
_____ KANEUVERINO STAMILITY.

A-- --- AVG C4&--- 4 - VG----VG-. f

GROSS . OAIO ENSITY
ý__EMT __NG LAT. ALTlTQDE__OA :Sk

QL) (S) _(Bc) FT): ....

~O 141.1 (A~~r0-t.1 -ýtT)0~2

o 8680 141.1 (AFT-) 0. 1j T) -6380 6.0, '-324 6 C5R;HTTJt

-NO4TE-- STANDAWDUH-1TH TAILPIPE INSTALL-ED". .

TOTAL LATERAL CONTROL TRAVEL 12.3 IN. ...................

-75

6.

5

w 2-

TOTAL LONGITUDINAL CONTROL TRAVEL -:12.2;IN.

4

3

15
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FIGURE 29
LOW SPEED FORWARD AND REARWARD-FLIGHT

.. -iH USA S/N 69-15532 -

AVG AVG CG AYG AVG: AVG.
S: GROSS " LOCATION ---DENSITY OAT- ROTOR . --

WEIGHT LONG LA, ALTITUDE S. "'$PEED
-LB) . (FS)• (BL). . (FT) (.) (RPM.
8660 132,1 (FWD) 0.0. (MID) 1020 .. . O 324

NOTES: 1. INFRARED SUPPRESSOR AND INFRARED JAMMER INSTALLED.
L ~ 2. I DENOTES M4AXIMUM CONTROL EXCURsOONS.

z 3. SKID HEIGHT 10 FT.

0
<. -s

TOTAL COLLECIlVE CONTROL TRAVEL 10 IN,

6
w, b*- _.J

5
1.- 0 u..

(3 g 3
Li o-

TOTAL DIRLFLTIONAL (Y.2L " - ,
~ 4

-- 3

'" o TOTAL LATERAL CONIROL TLAVLL - 1? IN3 .

F C-

TOTAL LONGIUDI\NAL CONTROL TRAVU.L 32.2 IN.
S12

I.-/ o

z -

6L
" 30 20 10 0 Jo 20 30 40

REARWARD rORWARD
IRU. AIPSPE[D (KW)



F IGUiPE 30iI
LOW SPEED FORVRD AMW AEARWWAdRD jLGT I-

AVG AVG CG -AVG AvG 1AVG-GROSS LOCATION {EST OO
WEIGHT LONG LAT ALTITUDE OT $ED

(FS) - -

-8860 141.9(AFT) .0(LTý '25401.024 I--
NOTE'S: -1 INFRARED SUPPRESSSOR AND -INF RARED' Jq'MEK- 1$tAL 'EM

2.: I DENOTES MAX"MU CONTROL -EXCUftSIMN.
* -~10 3. SKID HEIGHT- 10 -FT - _

.- . ...-..

0o
TOTAL COLLECTIVE CONTROL TRAVEL =10.8. IN.

LAJ _.j

T5 4

4 TOTAL DIRECTIONAL CONTROL TRAVEL 6.8 IN.-
Q 4i

Cc> 3

I- _ C

TOTAL LATERAL CONTROL TRAVEL =12.3 IN,.. ........

7

6
CD

TOTAL LONGITUDINAL CONTROL TRAVEL 12.'2 IN.

Z Lj 6

4c

0

REAWAR 6OWAt

-. -



- .~. . -UIH-lH -USA 3fN -69"-15532-*
a - - -- ----AVG -AVG CG AVG :..AVG AVG.

GRQS -tOCATIQN .~l~~f~

LONG L.AT ýALTITUDE OA
..... LB) .(FS) (80 F~ i'C~m{P~

880 132.8 VFVt) 0.0 (MI1D)........94U 1810 .324 7:

-NOTES: 1. INFRARED SUPPRESSOR AND INFRARED JAMMER INSTALLE6.-
2. -1 DENOTES MAXIMUMN~ CONTROL EXCURS IONS. -

-1 3. -$KID I4IGHT 10 FT.

S10]

11OTAL COLLECTIVE C ON I RL) iYP+V__L JO.8 IN T. tI

Ln

0 u1
-j- ~

7

TOTAL LATERAL CONTROL TkAVLl 12.3 I1.

t.-. -c

w U-

6 TOTAL DIRECTIONAL CON~TROL TRAVEL 6..8 1IN.

-J

4

0c 20 1201 03

L.EFTRIH
TRU[E /AIRS..)YlI RIGH
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APPENDIX F. EQUIPMENT PERFORMANCE REPORTS



IATE.
EQUIPMENT PERFORMANCE REPORT 8 June 1981

DAR W'(,%S AVCR 70-. , [OFFICE SYMBOL: SDAyTE -TA
TO Comnander FROM: Coriander

U.S. Amy Aviation R&D U.A; Aniy Aviation Envineerinn Fliehl
4300 Goodfellow Blvd. Activity
-St. Louis, MO 63120 ATTI;: DAVTE-TA (SToo 217)

I. EPR NO.: 2. TECOM/AVSCOM PROJ NO.: I 3E'w4Y0T j. AF1 eA 9 523
80 - -Prelim Eval of U4-1H with 'IMPP IR

1rainPr~c-,nr andi TO Anmmrin

I MAJOR ITEM fATA'
4 MODEL 5IH-IH SERIAL NO Fg-I FIS
6. QUANTITY one LIFE P.RIOD

8 MFR: USA 40.:

II PART DATA
10. NOMENCLATURE,'DESCRIPTION: Exhaust Duct
II. FSN; 12. MF R PART NO.: Bell p/n 205-068-217-1
13. DRAWING NO.: 14.MFR: Bell Helicopter Textrom.
IS. QUANTITY: 16. NEXT ASSEMBLY:

17. MAC FUNCTIONAL GRP: 18. PART TEST LIFE:

III INCaDENT DATA
19. DATE OF OCCURRENCE: 20. TYPE OF RrPORT: 21. ACTION TAKEN:

22. MAINT SPY, ELM, CODE:,._ _ _ _ _ INCIDENT . REPLACED

21. OBSERVED'DURING 24. TEST ENVIRONMENT. b. INFORMATION l, REPAIRED

X .. OPERATION Suspect that damage 25. INCIDENT CLASSIFICATION; ADJUSTED

ib. MAINTENANCE occurred durina . CRITICAL d. DISCONNECTED

"INSPFCTION sideward or rearward . MAJOR -- ,.OVED

F MINOR If NONE

IV INCIDENT DESCRIPTION
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22):

Durins removal of the IR suppressor (191A30-4), it was noted that there was damage to
the exhaust duct (19134-1-1) where the exhaust duct fits internally into the IR
suppressor bellmouth. The exhaust duct is warped out of shape and has been contactin(
the leading edge of the IR suppressor struts inside the bellmouth. Score marks on the
struts indicate that there has been -2 lateral flexing or movement against the strut.
Looking at the exhaust duct from the rear of the aircraft at the 1 to 2 o'clock
position, approximately '- inch of duct metal has been pushed forward and torn where
the suppressor strut contacted the duct.

I suspect two possible causes: (1) The exhaust duct warped out of shape against the
struts causing the score marks on the struts. (2) The IR suppressor may be positlone
too close to the exhaust duct as a result of the new fairing and bulkhead rework. In
particular it appears that th!new gusset supnort (Bell o/n 205-038-21G-121 and -122)
may move the suppressor further forward aqainst the duct.

Recommend that the suppressor be repositioned aft of its present location and that th
outer ring of the exhaust duct be reinforced similar to the standard UH-I exhaust duc
to prevent waroane. INC jLr4T CLASSIFICATION IS SUBJECT TO RECLASSIFICATION

27. DEFECTIVE MATERIAL SENT Tr

M8. NAME. TITLE & TfL E XT r F'REPARFR- 29. FCR THE COMMANDER:

i IRA"' KY ,TH

AV350-47&

DARCOM , . 2134 Pr, ,,. ,dI ,,n m ,,i' h,. ur.',I unrrt hxhf,,s(.d.
77 Best Available Copy



EQUIPMENT PERFORMANCE REPORT L .... 33 uUL 81
C*~nw~aaadiw 

FA O..f).. . . . ... L ..... DAVTE-TA

US Army Aviattion ; ('r'ald Commander
ATTN: DRDA'v-1) I U.S. Amy Aviation Engr Fit Activity
430J Goodvellow 3lvd. • ATT': DAVTE-TA, Stop 217
St. Louis, W._) )3129 . Edwards AF.9, CA 93523

I*- ie t k IIf *-T- ' UT

83-0, -Z UH -1H-I IR Suonressor

I MAJOR ITEM DATA

"I... I....~ I. -. _�-__5 9 .. .1553_

11 PART DATA

~~~~~- .. L-I tL,]. : -.-- r.- - -, VYi'•C"rY. Seria I 'O 12']-A17

*- '. .'A ,arreLt AiResedrch

-5 7NC6DENT DATA
7'7- ~ * 1i A(W 1N 7 AXEN,

MA it. T T f-I M, RLPL ACID
- ". .. ' - E 0.. . . AIRED"

x *. I I _A__I_________

."I.A" . DI: S , C NN[ (CTED

IV INCOD[NT PFsif T UN

The new xi '!r). 121-147) :rrovid:d for Phase II of this
proqrir' w1 i, f):,. o! - ,.r l ( v(•, 1 v o1 ' d tn,,r Iijirie ares ( ,ot spots) as indicated

Gv ci sC •", x'. o: .1 iG' .,•(s iti( arouni the suooressor
surfac :+ . - -, t..t ýýzots" a).oarnd as shown in t;he

aCCO"103,,v "' , .r 1-.1, " 'o. l o t ne conditions creating the
brurned vr'" . . 'i "

•' V' '.' " ,,

DAPCO -

Best Avallb!a C,,,,l>..-
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