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hQ, US ARMY AVIATION RESEARCH AND DEVELOPMENT COMMAND
4300 GOODFELLOW BOULEVARD, ST. LOUIS, 40 63120

DRDAV-D

SUBJECT: USAAEFA Report, Preliminary Afrworthiness Evaluation of the UH-1H

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 evaluation and substantiates that the handling qualities
of the JUH-1H with the Hot Metal Plus Flume Suppressor are essentially the

same as those of the standard UH-1H helicopter. The tail boom surface temper-
atures were gencrally 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.

CHARLES C. %D, OR.

Director of Development
and Qualification
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INTRODUCTION

BACKGROUND

1. The United States Army requires a reduced infrared (IR) signatere and
increased protection from IR scecking weapons tor its aircraft. To achieve these
goals, the US Army contracted with Bell Helicopter Textron (BHT) to devdlop an
installation to accommodate a Garrett AiRcescarch  Manufacturing Company
(Garrett) hot medal plus plume (HMPPY IR suporessorkind an AN/ALQ-144 IR
jammer on the UH-TH helicopter. *BHT was required 1@ prove teasihility of the
HMPP IR suppressor design. condact  limited  flight' testing, and assess IR
cooling.Flight testing of the initial design by BHT showed that the suppressor
pressures and the suppressor and tail boom temperatures were acceeptable; however,
the directional stability characteristics ot the aircraft were degraded. BHT initiated a
redesign of the suppressor and jammer installation to reduce the airflow disturbance,
which was believed to be causing the degradation of directional stability, The US
Army Aviation Rescarch and Development Command (AVRADCOM) directed the
US Army Aaviation Fnginecring Flicht  Acnvity (USAAFFA) to perform a
preliminagy airworthiness evahuation (PAE) of the UH-TH with the redesigned IR
suppressor and jammer installation oref 1oapp A) A test plan (ref” 2) was submitted
in January 1981 and an Airworthiness Release oret 3) was issued in February 1981,

TEST OBJECTIVES ;
2. The overslt objectives oF this PAT were to determine iF the redesigned
suppressor and jammer instatlation Changed the handling quabities of che UH-TH
and to conduct a survey of suppressor pressures sond suppressor and tail boom
temperatures,
t

3. The specific tost objectives were l

a. To provide quantitatsne and quahitative theht test data of the aircraft
handling qualitics.

b, To determine suppressor pressures and suppressor and  tailboom
temperatures.

DESCRIPTION

4. The UH-TH i o thirteen-place sinele engine heheopter using a simgle two-blade
tectering main rotor and puasher tal rotor. The mavamum gross weight of the
heltcopter is 9500 pounds. Power o provided by g Tyveompme T83-L-13 free turbine
engie raied at 1300 shaft honcepower (SHP. However, the hiclicopter s limited by
the transmission to 1100 SHP. A more complete deseription may be found in the
detail specification srelf' 50 app A and the operater’s manual tret 3y, Fhe test
helicopter was a JUH-THL SN 6915532 The signdicant external differences from
the - standard  UH-TH O were yemoval of the carpe hook  and the
addition of an airspecd hoom, 9.8 feet fong, mounted on the centerline of the
helicopter ot the base of the windshickd center post. Intemnal differences consisted
primarily of the instrumeniation system, These differences had nosignificant effect
on the Mipht test resutts, _ q

' Best Available Copy
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5.  The IR suppressor and jammer installation consisted of a Garrett HMPP IR
suppressor, originally developed for the AH-1S helicopter, an AN/ALQ-144 IR
jammer, and a redesigned aft engine cowl to support the suppressor and jammer.
A more detailed description of the IR suppressor and jammer installation is provided
in appendix B,

TEST SCOPE

6.  Flight testing was conducted at Edwards Air Force Base, California, ¢clevation
2302 feet) and Bukersfield, California, (clevation 490 feet) during the period
16 January 1981 through 18 May 1981. A total of 16 flights were conducted during
which 20.7 hours were flown. Tests were conducted in two pliases. The first phase
consisted of an evaluation of handling characteristi. s with primary emphasis on the
lateral-directional stability characteristics of the airorft with the IR suppressor and
jammer installed. Data were also taken with  the aircratt in the standard
configuration as a buasis for companson, The sccomd phase tests were primarily a
survey of IR suppressor pressures and suppressor and tailboom temperatures, Flight
restrictions and operating limitations contained i the airworthiness release (ret 3.
app A). and the operator’s manual (ref 3) were ciserved. Where possible, Tight test
data were compared with the applicable speciticatnms arets 7 and o) and with data
obtained from.previcas tests ot the UH-TH o 70 X oand W), Flight tests were
condticted under the conditions specified in table 1,

TESTMETHODOLOGY

7. Established ilight test techniques were used throughout this evaluation
(ref 10, app A, Test methods used are briefly  discussed in the Results and
Discussion section of this report. The handlinge qualities rating scale ¢tHQRS)Y shown
in figure 1, appendix Do owas. used  to supplement pilot comments on handling
qualitics. All flight test data, during the handhinge qualitics tests, w :re obtained from
calibrated test instrumentation and were recorded on muagnetic tape. Data obtained
during the pressure/temperature suney were recorded hoth on magnetic tape
{pressures) and by hand from cockpio instrumentation ttemperatures). A detailed
listing of the test instrumentation is contained in appendix C. The definitions of
deticiencies and shortcomings used during this test and data analysis methods used
are preseitted in appendix D,

. Best Aveilable CCRY
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RESULTS AND DISCUSSION

GENERAL

8 This PAL was an evaluation of a redesigned 1R suppressor and IR jammer
installation for the UH-1H helicopter. The initial design was reported by BHT
tret 9, app A) to have caused a degradation in directional stubility. The m_slalluthn
wias redesigned to reduce the airflow disturbance over the vertical stabilizer. This
cvuluulimf\\ as conducted in two phases. Phase T was a comparative evaluation of
handling qualitics of the UIETH in both  the standard and IR suppressor
configurations. Phase T was primarily a pressure and temperature survey of the IR
suppressor configuration. The handling qualities QI' the lfll-lll I!chcoptcr were
essentiaily unchanged by the IR suppiessor nd IR jammer mstallation !cslqd. Th.e
previously reported degradation i directional stability was not observed during this
test. The tail boom surface temperatures were generally higher than those reported
by BHT tor the mitial Jdeswn and the structural implications of these higier
temperatures should be investizated. One deficiency. (hc‘nwlul to metal contact
between the engine exhaust eector and the TR suppressor innercore support seruts,
was dentificd. No aew speafication aon-compliances were wdentified as a result of
the IR suppressor instalution on the UH-TH helicopter. Three shortcomings were
identified.

HANDLING QUALITIES

General

9. The handling quaiities o the UH-TH were evaluated at the test conditions histed
in table T Al tests were conducted usmg standard tlight test 1echnigues ¢ref 10,
app A) Tests were conducted with the IR suppressor and 1R jammer instabled
and repeated with the standard UH-TH tulpipe mstalled. Data obtained from these
tests were compared to deternnne if the handhing chuaractenisties of the UH-TH were
significantly aitected by the installution of the IR supprossor system. Additionally,
data were comparcd with previous tosts of g standard VH-TH (rets 7 and 8) and a
previous dosten of the IR suppoessor installation tret 0 Fest results show that the
handling quabitics of the UH-TH are ossentially unchanged by the installation of the
HMPP IR suppressorand AN ALO-1H annmer

Control Positions i Trimmed Forward Flight

10, The control postions were cvalwated i Tevel thehit and m o clime s and descents.
Test results are proscrted m figures 1 thronugh o appendin B The contiol positions
in trummed forvard theht were csentiolly unchaneed from the standard UH-TH.

Static I ongitudinal Stability

I Tests were vonducted in ovel dheht tor both the standard and the IR
suppressor confizuritions. Clumbs wore comlucted ar intermedinte rater power (IRP)Y
and descents were conducted at approvemately 1O pourds per square inch (psi)
indicated engine torque, m the IR suppressor conticuration oniy. Data are presented
in Tigures 7 through 10, appendix Vo The reraft extubited  positive longitudinal
control Torce and position stability fer all condinions tested. Quat tatively, the
stabthity Chiractenstios obsenved durme climbs and doseents were similar to those of
the standard UH-TH ec-att The static fongitudinal stabiditny was essentially
unchanged by the installation of the TR supprossor assemhly.

4
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Static Lateral-Directional Stability

12, The tests wore conducted in level Mlight, climb, and descent. The standard
configuration wuv evaluate:d in tevel fhicht only Test results are prosented in
figures V1 through T4, appendin I The west aneraft exhubited both positive
dircctional stability and positive dihedral cffect. A direet comparison between the
IR suppressor confizuration (g F1Y and the standard configuration (fig. 12) shows
essentially  no  change in lateral-directional  stability  characteristics.  Stability
characteristios Jurine cimbs and  descents aualitatnely were unchanged  from
standard UTEVH aecrate he stange ateral-ducctonal stabibity of the VH-TH aireraft
was essentially unchimeed by theinstallation of the IR suppressor system.

Mancuyering Stihility

13, The muancacerne stabibity charactonsiics were evaluated  using constant
arspecd dedt and rehin turns wath the Collectine connal fixed at the inital trim
position. Flieht test data far hoth the IR suppressor insadlation and the standard
UH-TH are presented moficares TS and Vooappendis 1 orespectively. The stick-fixed
stability ccontiol position v lowd 1actory was posttbive Lo the foad Tactors tested.
Control position eradients were sisitiar 107 both conhearations, Qualitatively there
was no chanes e the H

! Coantiol terce v doad factor), The
maneuvering sty cliaclonstios were ossendnliv the saie as those noted for the
standard Uil 1H

14 The Toneitadimal Jdy nanse sty clanacterstios were evidoated i level flight.
Dati are preseated e ferares 37 throuel 19, appendin 10 Both the short-term and
long-terim dynanmic reaponse wos ossentiadlhy deadbeat ind no difference was noted
between the IR suppaessor el stendand tolpipe confizurations.

15 The Leralditecnional dymamie stebihny chartenstios were evaluated in
level thieht tor hoth the stindad and e IR superessor conticurations. Directional
control doublets and pualses were the most elicctive methods ol exating the
Literat-dhircction osciilation Data fon Bodk conlvarations e presented in figures 20
through 25, appendin T il danrecd aoll-vaw osallation was observed for
hoth contigurations tested Tl mstailanon o the TR suppressor system had no
signiticant citect on the ateral-ducctional chaacternsies o the standard UH-TH
helicopter.

Low-Speed 1ight Characterintios

General

o, Testing wos accomplished pang the srowead pace seindde method ot a constant
sKid height o TOeet 1 winds ot S b o bewss Data were revorded at S knot
worcments Broar o hover to A0 knots jorwad, 30 knots earwand, amd 35 knots
sideward Tieh o Control excursions, as presented o Hhie data plots, yve anindication
of pilot work load and were supplomestod Boopilot quaditative comments. The
pestll o Girese sty were compearcd 1o tiese presviomshy repoited Tor the standard
UH-VED Beheopter e 7 amd S app A T Tow s I handhing qualities of the
UH-THE cqoppet with the TROSuppressor and panines wer ossentially unchinged
rrom the standas b conhirenation:
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Forward and Rearward Flight:

17, Fhe results of the forward and rearward flight tests @ re presented as figures 29
and 30, appendix E. Figure 30 shows that at rearward aispecds of 16 to 29 knots
true airspeed (KTAS)Y (forward cg 1321 less than 1 percent aft longitudinal
control margin remained. The aft longitwdinal control inp its which were necessary
to control the aircraft pitching motion within the 10 to 15 knot range resulted in a
higher pilot work load (HORS 5), as documented in reference 8. appendix A.
Depending on pilot seat position. the pilot may contact equipment attached to his
survival vest with the cyvilic prior to reaching the full aft longitudinal control
position. The lack of wdequate longitudinal control margin within the specified limit
of the operator’s manual was previously reported as a deficiency (ref 7) and was not
a result of the IR suppressor and yammer installation.

Sideward Flight:

18, The results of the left and right sudeward ight tests are presented as figures 31
and 32, appendic b The longitudinal trim shift of approximately 2.5 inches during
left sideward flight between 8 and 15 KTAS is charactenstic of the standard UH-1H
(ref 8. app A and contributed to high pilot work load tHQRS 5). Figure 32, shows
that at the left sideward licht Emit of 353 KTAS the right directional control pedal
stop was contacted. Inadequate directionad control marein was previously reportad
axa defioreney for the standard UH-TH tret 7Y and was not a result of the IR
suppressor and ammer installation.

Mission Mancuvering Characteristios

19, Confined arca operations, pinnacle operations, nap of the carth and contour
fizht, non-precisien and precision instrument approaches were performed in light to
maoderaic turbulence to evatuate aireraft handling characternistics in turbulence. No
degredation ot hunding qualities due to the TR suppressor installation was observed
during operation i turbulence. The aireratt response from light to moderate
turbulence was essentiadhy unchanged from the standard UH-1TH.

Simulated Engine Failures

20, Simulated engine fudures were performed in level 11 oht by rapidly rolling the
throttle to the theht idle detent, Flight controls were eu £:.od until activation of
the Tow main rotor speed audio tone. Data are presered inigures 33 through 36,
appendix b Tests showed no degredation of handhae < ualities due to the IR
supproessor anstallation. The aircraft response 1o simwet ¢ engine failures was
essentially unchanged from the standard UH-1THL

Pressure Survey
2E Sune and total prossures surroundmg the 1R suparessor were recorded at
the test conditions Disted m table FThe tvpe and location of the PROSSUTE Sensors

are shown an table 10 appendin € Pressure dita s provided in tables 1 and 2.
appendin b,
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Temperature Survey

22, Temperatures surrounding the IR suppressor and along the tail boom were
recorded at the test conditions listed in table 1. The locations of temperature
sensitive tapes and thermocouples are shown in table 2, appendix C. All recorded
thermocouple and temperature sensitive tape Jdata are presented in tables 3 and
4, appendix E. Generally higher temperatures were observed than those previously
reported by BHT (ref 9. app A) for the initial IR suppressor installation. This may
be accounted tor by the redesign of the IR suppressor installation which resulted in
a 5 degree depression of the IR suppressor exhaust centerline. A comparison of
maximum tail boom temperatures obtained daring this test with those previously
reported by BHT is shown in figure 1. An increase of 807 F during hover and 140° F
during low speed flight was observed. Further investigation to determine the
structural implications of the high tail boom temperatures observed during this test
should be conducted prior to refease tor ficld operations.

RELIABILITY AND MAINTAINABILITY

General

23, The reliability  and  maintainability - of  the IR suppressor and  related
components of the installation were evaluated during both pliases of testing, Phase 1
testing was perfarmed using an TR suppressor (AiResearch SN 39-DH which had a
total of 235 flight hours when at arrived at USAALT AL A new IR suppressor
¢AiRcesearch S/N 129-147) was provided for plhase 1 testing. The new IR suppressor
incorporated  moditications which were designed to prevent cracking around the
inner core support struts.

Phase | Testing

24, The IR suppressor wassfound to be susceptible to cracking around the struts
which support the inner core of the suppressor unit. When the unit arrived at
USAALFA, numerous cracks were discovered. 1t appeared that if flights were
conducted without first having the unit repaired, small triangular picees of metal
could be distodged from the inner core of the umit. The unit was repaired by welding
prior to instulfation. Upon completion of Phase 1 tests, (9.5 flight hours) cracks were
again observed in the arca where the repair had been made as well as small cracks ot
cach of the remaining struts. The susceptiiity of the IR suppressor unit to cracking
is a shortcoming which should be corrected prior 1o funllow-on redesign.

2S5, When attempting to latch the engine cowling open using the latch provided
near the it boom  attachment point. the engine cowling contacted the IR
suppressor fairing anid could not be Ltched without deforming the engine cowling. If
not latched, the engine cowhing could cause damage to the fins on the tailpipe of the
suppressor. The TR suppressor installation should allow the engine cowling to be
latched open in the same manner as the production UH-HHL The inability to latch
the engine cowling in the open position is a shortcommg. which should be corrected
prior to tollow-on redesiygm.

6. A small muintenance-inspection door was provided on the left side of the IR
suppressor fainng only. To facilitate mamtenance and 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 sidc of the suppressor fairing is a shortcoming, which should be
corrected prior to follow-on redesign.

Phase Il Testing

27. During removal of the new IR suppressor, warpage of the aft outer ring portion
of the exhaust cjector {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 cdge
at the 1 o'clock position on the exhaust ¢jector indicates ejector movement of
+1/2 inch against the struts (photos | and 2). The IR suppressor struts and exhuast
ejector areas were carcfully inspected on cach daily aircraft inspection. Damage to
the above was discovered after 3.1 hours of low speed flight testing and 1.5 houns
of ferry flight time to the test site at Bakersfield, California and back. Continued
metal-to-metal contact between the engine exhaust e¢jector and the IR suppressor
support struts will cause structural damage to both components and a significant
reduction in scrvice life. Should such structural damage go undetected, portions of
either component could break loose and cause damage to the airframe. An
Equipment Performance Report (EPR) (80-06-1) shown in appendix F was
submitted during this test. The metal-to-metal contact betwesn the engine exhaust
cjector and the IR suppressor innercore support struts due to the positioning of the
IR suppressor is a deficiency which should be corrected prior to further oneration
with the IR suppressor installed.

28. The IR suppressor (S/N 129-147) exhibited four burned arcas on its outer
surface immediately aft of the fiberglass fairing (near the trailing edge of the IR
suppressor struts). The largest burncd area was anproximately 6 by 2 inches at the
end of Phase Il testing (11.2 flight hours). An EPR (80-06-2) was submitted and is
shown in appendix F.  lurther investigation of conditions creating bumed arcas
{hot spots) on the IR suppressor is warranted,

Y

st sl el ""‘”‘“’\J‘\ﬂﬁ\umul.mw\l‘ “twud‘h‘\ﬂMW‘.&A.LMM i

I

sl

b, ! 1

il

it 3 v s it it b










i |

s Xl

:
3

—

—

TR TR

CONCLUSIONS

GENERAL

29, The handling qualities of the UH-T1H helicopter were essentially unchanged by

the installation of the IR suppressor and jammer (paras 9 and 19).

30. Tailboom surface temperatures were generally higher than those previously
reported by BHT for the initial design of the IR suppressor installation (para 22).

31. One deficicncy has been identified as a result of the IR suppressor and IR
jammer installation on the UH-TH helicopter (para 27).

DEFICIENCY

32. The metal to metal contact between the engine exhaust cjector and the IR

SUppressor innercore support struts due to the positioning of the IR suppressor
unit (para 27).

SHORTCOMINGS

33. The tollowing shortcomings were identificd duning this test and are listed in
the order of importance:

a.  The susceptibility of the IR suppressor unit to cracking (para 24)
b.  The inability to lutch the engine cowling in the open position (para 25)

c¢.  The lack of a maintenance-inspection door on the right side of the
suppressor fairing (para 20).

SPECIFICATION COMPLIANCE

34. No new specification non-compliances were identified tor the UH-11 as a result
of the IR suppressor and janmimer instaliation.
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RECOMMENDATIONS

35. The following recommendations are made:

a. Correct the deficiency listed in paragraph 32 prior to further operation
with IR suppressor instalied (para 27)

b.  Correct the shortcomings listed in paragraph 33 in follow-on redesign
c. Investigate the structual implications of the high (maximum of 340° F
observed) tailboom temperaturcs observed during this test in follow-on redesign
(para 22

d. Investigate the effects of the bumed arcas (hot spots) on the effectiveness
and serviceability of the IR suppressor unit (para 28).
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APPENDIX B. DESCRIPTION

GENERAL_

1. The test helicopier. US Army S/N 69-15532, was a production UH-1H
modificd to accomodate test instrumentation and the IR suppressor and IR jammer
installation. The principal structural modification was the redesign of the aft engine
cowling to provide support for the HMPP IR suppressor and the AN/ALQ-144 IR
jammer. Photos 1 through 4 show the test aircralt with the IR suppressor, 1R
jammer and test instrumentation installed.

IR SUPPRESSOR SYSTEM

2. The IR suppressor installation consisted of four major components: the engine
exhaust ejector (photo 5). the IR suppressor unit (photo 6), and an AN/ALQ-144
jammer (photo 7) which was mounted on top of the cowling assembly (photo 8).
The IR suppressor is a plug-type suppressor manutactured by the Garrett AiResearch
Manufacturing Company. The suppresor uses the size and shape of the plug to hide
the hot engine parts. The suppressor also had circumferentially onented vents to act
as an ejector to entrain compartment and ambient air to mix with the engine
exhaust, thereby reducing exhaust gas temperature. Airflow through the engine was
extended ait and upward by the exhaust cjector and the IR suppressor. An
insulation blankct was installed on the engine exhaust cjector.

3. The weight of the complete installation was approximately 127 pounds.

The weight of the original aircraft components replaced by the suppressor/jammer

installation was approximately 26 pounds for a net weight increase of 101 pounds.

The aircraft basic weight and longitudinal center of gravity location (with test

ié\;tn‘;riwnmion and IR suppressor and jammer instilled) was 5930 pounds at
142.0.

4.  The IR suppressor and IR jamuner instaliation evaluated during this program
was 2 redesign of 4 previous installation which was reported to have caused a sign-
ificant degredation in directional stability (ref 9, app A). The redesigned installation
allowed both the IR suppressor and the IR jammer to be lowered in order to reduce
the airflow disturbance over the vertical stabilizer.

FLIGHT ENVELOPE

5.  The JUH-IH with the IR suppressor and IR jammer installed was cleared for
flight within the flight envelope specified in the operator's manual (ref 6, app A).
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APPENDIX C. INSTRUMENTATION

The airbome data aquisitiocn system was installed, calibrated and maintained by

USAAEFA. The system ured 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 windshicld 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 sclectable 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: o

Pilot Station
Event switch

Copilot Station

Instrumentation controls and displays
Event switch
Control fixture (jig)

Displayed on Instrument Pancl

Airspeed (boom and ship's system)
Altitude (boom and ship's system)
Angle of sideslip
Free air ternperature
Control position
Longitudinal
Lateral
Dircctional
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

A,.<oeed (boom system)

Alutede (boom system)

Angle of sideslip

Angle of Attack

Free air temperature

Control positions
Longitudinal

24
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Laicral
Dircctional
Collective
Rotor specd
Engine torque
Fucl used
Tape correlation counter
Pitch attitude
Pitch rate
Roll attitude
Roll rate
Aircraft heading
Yaw rate
Throttle position
Pilot's event
Copilot's event » :
Center of gravity normal acceeleration
Longitudinal
Lateral
Time
Pressures (shown in tuble 1)

Best Available Copy

N bhomincs

Y



Pressure
Port No.

o

~1

14

L

Table 1. Pressure Scnsor Locations

Type of

Measurement.

Static pressure

Static pressure

Static pressure

Static pressure

Static pressure

Stitic pressure

Static pressure

Static pressure

Total pressure

Total pressure

Total pressure

Totul pressie

Total pressure

Total pressure

Total pressure

:h

Pressure Port Location

3 o'clock - 2 inches standoff at mouth
ol suppressor (FS 213.3)

6 o'clock - 2 inches standoff at mouth
of suppressor perpendicular to center-
line through (FS 213.0)

9 o'clock - 2 inches standoff at mouth
ol suppressor (F§213.2)

12 o'clock - 2 inches standoff at mouth
ol suppressor perpendicular to center-
line through IF5213.2

3 o'clock - 1 inch standoff from
suppressor at F§ 223.7

6 o'clock - 1 inch standoff from
suppressor perpendicular to center-
line through F§ 223.7

9 o'clock - 1inch standoff from
suppressor at 'S 2237

12 o'clock - 1inch standoft from
suppressor perpendicular to center-
line through F§ 223.7

2 o'clock - surface of suppressor at
1irst inlet

6 o'clock - surface of suppressor at
first inlet

9 o'clock - surface of suppressor at
first inlet

12 0'clock - surface of suppressor at
firstanlet

3 o'clock - suriace of suppressor at
secund inlet

0 o'clock - surface of suppressor at
second mlet

9 o'clock - surface of suppressor at
second indet




17

18

Total pressure

Total pressure

Total pressure

Total pressure
L 3

Total pressure

Static pressure

12 o'clock - surface of suppressor at
second inlet

3 o'clock - surface of suppressor at
third inlet

6 o'clock - surface of suppressor at
third inlet

9 o'clock - surface of suppressor at
third inlet ‘

12 o'clock - surface of suppressor at
third inlet

Aircraft static (boom system)

NOTE: Suppressor pressure sensor locations are illustrated in figure 1.

i



Themmcouplel
Number

1

11-24

Temperature

Tape Number
24 -45

Table 2. Thermocouple and Temperature Tape Locations

Type of
Measurement

Surface temperature
Surface temperature

Air temperature

Air temperature

Air temperature

Air temperature

Aar temperature

Air temperature

Air temperature

Air tcmperature

Surface temperature

Surface temperature

Thermocouple Location

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

9 o'clock - between mouth of suppressor and
engine exhaust duct (FS 215.3)

3 o'clock - between mouth of suppressor and
engine duct (FS 215.3)

9 o'clock - 1 inch from suppressor surface at
FS§ 223.7

12 o'clock - ! inch from suppressor surface
perpendicular to centerline of suppressor
through FS 223.7

"clock - 1 inch from suppressor surface at
2237

30
FS

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

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

Inlct to the oil cooler blower

As illustrated in figure 2

13

As illustrated in figure

NOTE: Suppressor thermocouple locations illustrated in figure 1.

28
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@ Total Pressure

] 3, 6, 9, & 12 o'clock
¥ Static Pressure
E’ » 7 3,6, 9, & 12 o'clock

@ Temperature thermocouples
9 0'c10c&/3 0'clock

Air temp
3, 6,9, 12 o'clock
1" standoff

el

_E
b
i .
i Surface temp
E on insulation %“
g 389 o'clock y&/
H /
g /
H Air temp /
13
v 3&9 o'clock ~—m—/
£ 1" standoff
2 L]
2 cwms  '° 9
1 \_ Air temp
3 6 o'clock pos. only
1" standoff
F
3 @ 10 inlet to 011 cooler biower .
1
Migure 1
Pressaurve and Temperature sensor locations
4 2()
1
. —_ ———— —_ = = e i _imem ——— = —— — - — _'=




SKOILYI0T 3d¥l FWNLVYIAWIL QLY 31dNOIOWY IHL

¢ 34N914
£p°8C S9
066G S8
by 08 s¢
027101 S8 i
€€°2¢l s9 : ot
82 tpl S8 1
ge-¢¢
€27 591 S8 A e a
7 St g vi-tle b 0 - 6L
\ oL-6le 8L-LL@ Lc .
IT-1Te ve A
Lt
ec 8¢ 92-5T
A
| — S, 5
SuUL1ed0| 3de} auanjeasdwsy A
sv A SuoL1e20| o1dRoIoWIBY] @
. voA
¢1'8 14 —~—14—— @cz 0°Ct g
0°¢ 19 tv A
—ca  9ta LCA JtA sta  vta _nMn .
@0t Ogr @5 Oy — O ANV VAL
. v A
0L 9 G ol Av
'8 14 —4— etz
iva

ov A




APPENDIX D. TEST TECHNIQUES
- AND DATA ANALYSIS METHODS

HANDLING QUALITIES

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 Scale (HQRS) presented in figure 1 was used to
augment pilot comments relative to pitot workload. )

PRESSURLE/TEMPERATURE SURVEY

3. Pressures were recorded  during stabilized  flight conditions  using PCM
instrumentation. IR suppressor pressures were referenced to aircraft boom static
pressure by means of a differential pressure transducer and scanivalve. A total of
20 pressure ports on the scanivalve were used to sample the differential pressure.
Pressures were measured in pounds per square inch ditferential (psid) and values
determined by averaging the pressures recorded for cach port using data plots similar
to the one shown in fivure 2. The location of cach pressure sensor is shown in
table I, appendix (.

4. Temperatures were hand recorded from a selectable digital display. A total of
24 thermocouples were used. Temiperature sensitive tapes were used to supplement
thermocouple readings. The locations of the therocouples and temperature sensitive
tapes are shown an table 2, appendix C.

AIRSPEED CALIBRATION

5. Calibrated airspeed was obtained by correcting indicated  airspecd  using
instrumen? and position crror corrections. The airspeed from the boom system was
used tor all data reduction. The calibration for the boom airspeed system used
during this test is shown in figure 3

DEFINITIONS

6. Detinitions of deficiencies and shortcomings used during this test are shown
below.

a.  Deficiency - A defect or malfunction discovered during the life cycle of
an item of cquipment that constitutes o safety hazund to personnel; will result in
serious damage to the cquipment if operation is continued ; or indicates improper
design or cther cause of failure of an item or part. which seriously impairs the
cquipment’s operationat capability.

b, Shortcomine - An imperfection or malfunction occurring during the life
cyole of equipment which must be reported and which should be corrected to
inorease efficieney and to reader the cquipment completely serviceable, 1t will not
cause an immediate hreakdown, jeopardize safe operation, or materially reduce the
uscability of the material or end product.
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APPENDIX E. TEST DATA

INDEX

Figure

Control positions in trimmed tlight
Collective fixed static longitudinal stability
Static lateral-directional stability
Manuevering stability
Dynamic stability
Longitudinal long period
Longitudinal short period
Lateral-directional oscillation
Low Speed Flight
Simulated engine tailure
Pressure survey
Temperature suney

38

Figure Number

1 through 6
7 through 10
11 through 14

15and 16

17
18 and 19
20 through 28
29 through 32
33 through 36
Table 1 and 2
Table 3 and 4
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C.G. NURMAL ACCELLPATION (G)

T o CFIGURE 18 ¢ TETT
S 'MANEUVERING STABILITY -
TSI U T U USA S/N6915532 ST
_AVG o WAVG G . AG  AVG T AVG: I‘ CLFLIGHT
GROSS COCATION ° DENSITY ~ OAT  ROTOR CONDIIION
NEIGHT LONG =  LAT ALTITUDE SPEED 0%
rrepn (LB ARSL L ABLY s (FTY (O AR T
A O 8960 142,1 [AFT) 0-1(LT% 5960 7.5 - 324 67 KCAS LT TURN 70
- ‘08960 182.1 (AFT) - 0.1(LT 5940 7.5 324 67 XCAS RT TORN T
¢ 8940 142.0 (AFT) 0.1(LT) . 5920 7.5 . 324...97 KCAS LT TURN .-
oo -0 8940 142.0 (AFT) -0.1(LT) 5940 7.5 326 97 KCAS RT TURN j- -~
' NOTE: INFRARED SUPPRESSOR. AND mmaen JRMER
" INSTALLED L ;
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(IN. FROM FULL LEFT)
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AFT

LONGITUDINAL
CONTROL POSITION
(IN. FROM FULL FORWARD).

__LONG.____ " LAT. _
G AFS) (Bb) AR

141 1

141.1

7T TUNOTE: © STAKDARD U1K mmpt msmuso f T

TOTAL LONGITUDINAL CONTROL

; T UR=1H USA S/N“FH15532
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ALTITUDE OAT

spgsb*" ,~ CONDITIOH
( C)

(M’T) 0 T "6260
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e -
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APPENDIX F. EQUIPMENT PERFVORMANCE REPORTS



DATE.
EQUIPMENT PERFORMANCE REPORT 8 June 1981
(DARCOM AMCR Tid)- 381 OFFICE SYMBOL: DAVTE-TA
To: . FROM: Commander
E?QTGRS;: Aviation RuD g.A; ?rny Aviation cnoineerine Flichi
y ctivit
-gz?ong?:fe:iéow v AT DAVIE-TA (SToo 217)
1. EPR NO.: 2. TECOM/AVSCOM PROJ NO.: .
80-06-1 USAAEFA 89-03 zzilimcEval of Ud-1H wuth “4MPP IR
| MAJOR ITEM NATA
4 MODEL JUH-1H 5 SLRIAL NO £9.15517
6. QUANTITY: one 7. LIFE PLRIOD
B MFR: 9 USA {D.:

i1 PART DATA

10. NOMENCLATURE/DESCRIP TION: EXhaLlSt Duct

V), FSN: 12, MER PART NO.: gell p/n 205-068-217-1
13, DRAWING NO,: 14, MFR: Bell He 11 copter TeXtT'Oﬂ'l
15 QUANTITY: 16, NEXT ASSEMBLY:
17. MAC FUNCTIONAL GRP: 18, PART TEST LIFE:
1L INCIDENT DATA

19. DATE Of OCCURRENCE: 2. TYPE OF REPORT: 21. ACTION TAKEN:
22. MAINT SPY, ELM, CODE: a_ INCIDENT s REPLACED
2). OBSERVED 'DURING 24. TEST ENVIRONMENT. b. INFORMATION b REPAIRED
X la. OPERATION Suspect that damage |25 INCIDENT CL ASSIFICATION: c. ADJUSTED

b. MAINTENANCE occurred durine o CRITICAL d. DISCONNECTED

- INSPFCTION sideward or rearward L MAJOR X |e. REMOVED

4. OTHER f]ith <. MINOR f, NONE

- IV INCIDENT DESCRIPTION

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

Durino removal of the IR suppressor (191430-4), 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 contacting
the leading odge of the IR suppressor struts inside the belimouth. Scora marks on the
struts indicate that there has been %" lateral flexing or movement agaiwst the strut.
Looking at the exhaust duct from the rear of the aircraft at the 1 to 2 ¢ clock
position, approximately % inch of duct metal has been oushed forward and torn where
the suppressor strut contacted the duct.

I suspect two possible causes: (1) The exhaust duct warped out of shane against the
struts causing the score marks on the struts¢. (2) The IR suppressor may be positione
too close to the exhaust duct as a result of the new fairing and bulkhead rework. In
marticular it appears that th2new gusset supnort (3ell o/n 205-238-215-121 and -122)
may move the suporessor further forward aqainst the duct.

Recommend that the suppressor be repositioned aft of its nresent location and that th
outer ring of the exhaust duct be reinforced similar to the standard UH-1 exkaust duc

to prevent waroaoce. INC. JenT CLASSIFICATION IS SUBJECT TO RECL ASSIFICATION

7. DEFECTIVE MATERIAL SENT T7

2. NAME, TITLE & TEL EXTF DPREPARER: 25. FCR THE COMMANDER:
i IRAY FA'ICRTH
~a-4
AV350-4785
DARCOM ', .1, 2134 Provious coditton mov be used untr! exhousted.
717

Best Available Copy



LATE

EQUIPMENT PERFORMANCE REPORT 3741 81

O bIcE STMBOL:

Commander M L DAVIE-IA

US Army Aviation wip fonmand [re* Cormander _

ATTH:  DROAYV-D U.S. Army Aviation Engr F1t Activity
430) Goodvellow 3lvd. : ATTN: DAVTE-TA, Stop 217

St. Louis, "0 43129 Edwards AF3, CA 93523

Rt B L R LR S TR A

83-95 -2 ! £0-05 | 4-14 IR Suooressor
| MAJOR ITEM DATA

p— —— e o — - . - ——— ——
peer -l s _~}.4"1f,”;_ 932-1553¢2
B e 7 [ R S
Ly -
o el deliep o Sextria _
e ‘ ... WPARTDATA
Pt e o e ' (53 T PR l("Y"“t h““ . 3 '\”Dp‘essm
RREEN L e Serial 0. 122-417
[N PR L \!drl f‘l,t, A] Rﬂsedrc"l
PO TS ’ T o o T,
[ W L4y . - . e e
, Do T
o . ) i INCIDENT DATA o —
v PEo e T ADL e My T X I LACTION TAKEN
C ‘ . . . . ' PR
L. MAINT ' T» t1 M, .‘ N . » ‘ . ; ey o 2 REPLACED
S T A BT S L AR L RECAIPED
! PR L B Adb AT v s ADSCSTED
. v PR IR IICRR PR L e e
. , 4 DISCONNECTED
. b s [ RN — ——
v . REMOVED
VONCONE
) , 7 IVINCDENTY DFSCRIFT ON o
‘—ui' et LT S e T e TR SR - - LE R L S SRR RO

The pew '~ canosesns voarseshlbr (sorial o, 129-147) orovidad for Phase [! of this
Program was oicerved 0 cive develoned tour huraed areas (hot spots) as indicated
by giscolaryt v oo 1Y 2o annh o' jack wositinons around the suppressor

surfaca e of ne sngecog naiata, hese st spots” annearad as shown in the

ACCOMPINVIaT ot e o btbee ece tygation ot the conditions creating the
burned aress v et
= b ) K IR )
B - B
f " -i‘- -
C
b Tea '
DAPCOM

!"} far‘
- RW Y 5
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DISTRIBUTION LIST

Deputy Chicf of Staff for Logistics (DALO-SMM)

Deputy Chief of Staff for Operations (DAMO-RQ)

Deputy Chief of Staff for Personnel (DAPE-HRS)

Del uty Chief of Staff for Rescarch Development and Acquisition
(DAMA—PPM-T DAMA-RA, DAMA~WSA)

C ptroller of the Army (DACA-EA)

US Army Materiel Development and Readin#g Command
(DRCDE-DH, DRCQA-E, DRCRE-, DkCDE-RT)

US Army Training and Doctrine Command (ATTG-U, ATCD-T,
ATCD-ET, ATCD-B)

US Army Aviation Research and Development Command
(DRDAV-D1, DRDAV-EE, DRDAV-EG)

US Army Test and Evaluation Command (DRSTSCT, DRSTS-AD)

US Army Troop Support and Aviation Materie! Readiness Command

(DRSTS-Q)

Uﬁ Army Logistics Fvaluation Agency (DALO-LED

US Army Materiel Systems Analysis Agency (DRXSY-R, DRXSY-MP)

US Army Operational Test and Evaluation Agency (CSTE-POD) .

US Army Armor Center (ATZK-CD-TE)

US Army Aviation Center (ATZQ-D-T, ATZQ-TSM-A, ATZQ-TSM-S

ATZQ-TSM-U)

US Army Combincd Arms Center (ATZLCA-DM)

US Army Infantry Center (ATSH-TSM-BH) |

US Army Safety Center (1GAR-TA, IGAR-l,;braw)

US Army Rescarch and Technology Laboratories (DAVDL-AS/DAVDL-POM)

US Army Rescarch and Technology Lahorutbrics,’Applicd Technology
| Laboratory {(DAVDL-ATL-D, DAVDL-Library)
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US Army Rescarch and Technology Laboratories! Acroimechanics
- Laboratory (DAVDL-ATL-D)
US Army Rescarch and Technology Laboratories/Propulsion
Laboratory (DAVDL-PL-D)
Defense Technical Information Center (DDR)
US Military Academy (MADN-F) ‘
MTMC-TEA (MTT-TRC/Steve Ho'lu) |
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