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ABS TRACT

The US Army Aviation Test Board (TJSAAVNTBD) conducted the
produc t - improvement  test of the OH-6A Helicopter Wir iter izat ion Kit
to de te rmine  the suitability of the helicopter and winter iza t ion kit  for
arct ic  tes t ing .  The test was conducted in a simulated Arct ic  environ-
ment at the Climatic Laboratory , Eglin Air Force Base , Florida.
Testing included 30. 5 hours ’ helicopter operating t ime and some f i r i n g
of 7. 62mm weapons.  Operation of the OH-6A was found to be limited
by four  desi gn deficienc i . It was concluded that the OH-6A Heli-
copter and its winterizat ion 1 not suitable for  arctic tes t  beca~i~-v
of existing deficiencies and unreliab s art ing characteristics at am-
bient t empera tures  of -25°F . and belo It was recommended that the
des ign deficiencies be corrected , that fu r the r  test ing be ac comp lished
in the actual arct ic  environment  ut i l iz ing the “Py -de r i chmen t ” fue l
control , that the validity of the MC’ s in long-durat ion miss ion per-
fo~~nance evaluation with c rew-area  t empera tu res  between 0~ F. and
l0~~F. be investigated , tha t fu r the r  testing of the effects of cold weather
on the sliding Teflon bearing surface be conducted , and that suitable
equipment b~ developed to permit  a reliable ai rc ra f t  starting capability

• down to -65~ ,F.
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FOREWORD
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• 

The Commanding General , US Army Test and Evaluat ion C c m  -
martd (USATECOM), directed the produc t - improvement  test  of the OH-
6A Helic opter Wiriterization Kit by letter , AMSTE-BG , Head quar t e r s ,

• USATECOM , 15 March 1968 , subject: “Test Directive , Pr oduct Im-
• provement Test , OH-6A Winterj zatj on Kit. ”

- The US Army Aviation Test Board was responsible for  p lanni r~and conducting the test and for  repor t ing the test r e su l t s .

The US A r my  Aeromedical  Research Unit monitored the test tu
collect aviation medicine data .
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SECTION 1 - IN T R O D U C T I O N

1.1. BACKGROUND

USCON.ARC Mili tary Charac te r i s t i cs  (MC ’ s) for an LOH state
that it must have:

“( 1)  The capability of operat ion in a t e m p er a t u r e  env i ronment

• ranging f r o m  -25°F to 115 °F without modif icat ion.

“(3)  A heate r to provide an inside tempera ture  of +40°F. “--ith
an outside t empera ture  of -25 °F . This condition need onl y be met wit i .
the engine ope ra t i ng . . .

“(4 ) A ppropria te  provision fo r  installation, without modifica-
tion to the airf ram e , of a kit to allow operation and provide inside t e r n —
pera ture  (crew a rea )  of 0°F with an outside tempera ture  down to -65°F.

- 
• This condition need onl y be met in f l ig ht , thoug h the heater should b.-

ope rable while the a i r c ra f t  is on the ground .

1 . 1 . 2 .  The Cayuse Project  Manager requested that the Hug hes Tool
• Company,  A i r c r a f t  Division , develop  a wimiter izat ion kit which would

be installed in t ime for  scheduled arc t ic  test ing . The Project Manager
f u r t h e r requested that , pr ior  to scheduled arctic testing , the
USAAVNTBD conduct a func t iona l  sui tabi l i ty  evaluation of the kit and
the p roduct ion a i r f r ame  and subsys tems  when exposed to a cold env i ron -
ment.

1. 1 .3 .  OH-6A Helicopter , S/N  65-12921 , entered the Air  Proving
Ground Center  Climatic Laboratory  at E glini A i r  Force Base , Florida ,
on 19 Ma rch 1968 and was secured and i n s t r u m e n t ed .  (See f i gu re  1 . )

1 .2 .  DESCRIPTION OF MATERIEL

The winter izat ioni  equipment  provided by the con t rac to r  is a two-
part  kit . The f i r s t  par t  consis ts  of a specia l  a i r cra f t  n i cke l - cadmium
battery pack desi gned to faci l i ta te  a i r c r a f t  sta r t ing  at ambient t empera-
tu res  below -25 °F. The second part  of the kit is a cabin heater  modif i -
cation which uses rec i rcula ted  cabin air to maintain a desired crew •

~
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area tempera ture .  In addition , the eng ine manufacturer  requested that
an improved design “Py-derichmerit ” fuel control be utilized during
portions of the test.  This fuel control is designed to provide reduced
fuel flow during the start cycle.

1.3. TEST OBJECTIVE

To determine by test in a simulated arctic environment the suit-
ability of the OH-6A Helicopter and its winterization kit for arctic
test ing.

1.4. SUMMARY OF RESULTS

1.4.1.  The OH-6A standard production model helicopter does not
meet the Military Characteristics (MC’ s) for  engine starting at -25°F.
The helicopter with the winterized starting capability does not meet
the MC ’s at -65°F. The helicopter can be started at ambient tempera-
tures down to -65°F. with an auxiliary power unit (APU).

1.4 .2 .  The engine oil pressure gauge is inaccurate at temperatures
below 0°F. The direct current  ( d . c . )  overvoltage relay is unreliable
at temperatur es  below 0°F.

1 .4 .3 .  The standard hea te r/def ros ter  general ly meets the MC’ s for
ambient temperatures down to -25°F. The recirculating heater/dc -
f ros te r  general ly meets the MC’ s for  ambient temperatures down to

• -65°F.

1.4.4 .  Pressure  required to cycle the collective pitch control system
below 0°F. exposes the control stick to excessive stress and increases
the poss ibility of failure.

1.4.5. Ten minutes of ground operation at flight Idle power settings
are the minimum required to free the tail-rotor control sufficiently forv safe hovering flight.

1.4.6. The “Py-derichment ” fuel  control lowers minimum starting
N1 speeds from 12 percent to 8 percent. However, Internal fuel con-
trot linkages freeze below -25°F. and restrict the pilot ’s throttle
twist grip movement.

1.4.7. Frost accumulating on the inside of the windshield must be
removed before safe flight can begin.

1-2
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1 .4 .8 .  Although the MC’ s call fo r  a 0°F. c r ew-a rea  t e m p e r a t u r e  in
a -65°F. environment , the ability of the pilot to pe r fo rm a mission of
more than 90 minutes ’ durat ion in a 0°F. to 10°F. c rew-area  environ-  ~ -

ment is questionable.

1.5.  DISCUSSION

Personne l f rom the US Army Aeromedical  Research  Unit
(USAARU) who monitored the entire test program questioned the
ability of aviation personnel  to accomplish a mili tary mission with
crew-area  tempera tures  between 0°F. and 10°F. Appendix II is a
complete report  of these findings including recommendations for  evalu-
ation of the MC’ s provision fo r  a 0°F. crew area with an outside tem-
perature  down to -65°F.

1.6.  CONCLUSION

The OH-6A Helicopter and its winterizat ion kit are not suitable
for  Arct ic  test because of existing deficie ncies and unreliable start ing
characterist ics  at ambient t empera tu res  of -25° F. and below.

1.7 .  RECOMMENDATIONS

It is recommended that:

1.7.  1. The design deficiencies be corrected prior to arct ic  testing .

1. 7 .2 .  Furthe r test ing be accomplished in the actual arctic envi ron-  - -

• ment util izing the “Py-der ichment ” fuel  c ontrol.

1 . 7 .3 .  The validity of the MC’ s in long-durat ion mission pe r fo rmance
evaluation with c rew-area  tempe ratures between OOF. and 10°F. be
investigated (appe ndix II).

1 . 7 . 4.  Furthe r testing of the effects  of cold weather on the sliding
• Teflon bearing su r f aces  be conducted.

1 . 7 . 5 .  Suitable equipment be developed to permit  a rel iable a i r c ra f t
s ta r t ing  capability down to -65°F.

1-3
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SECTION 2 - SUMMARY OF TEST

2 .1 .  SCOPE AND METHOD

2. 1. 1. The USAAVNTBD conducted the p roduc t - improvement  test of
the OH-6A Helicopter Winter izat ion Kit at the Climatic Labora tory ,
Eg lin Air Force Base , Florida.  Actual cold-weathe r env i ronmen ta l
test ing began on 1 April  and ended 10 May 1968. The a i rc ra f t  opera-
ted 30 .5  hours and 23 , 800 rounds of 7. 62mm ammunit ion were  f i r ed
d u r i n g  the test .

2 . 1. 2. Test procedures  were  desi gned to examine the funct ional  suit-
ability of the a i r c r a f t  at two ambie nt t empera tures  (-25 °F. and -65 °F . )
specified in the MC’~~. In addition , tests  were  p e r f o r m e d  at 700F.
(baseline),  0°F .,  and -45°F. to permit  the development of t r e n d s .
Wherever  possible , the a i r c r a f t  was allowed to remain  static (soak ) f o r
a m i n i m u m  of 24 hours between test runs to insure  that external  and
internal a i rc raf t  t empera tu res  had stabilized.

• 2. 1 .3 .  Each test run was desi gned to simulate as closely as possible
pro f iles norma lly per formed in a tactical  or combat environment .
The aircraf t was operated at predetermined power settings of
specified duration with all subsystems including a rmament  opera t ing .

2 . 1 . 4 .  Personne l  f r o m  USAARU monitored pilot bod y t empera tu res
to d e t e r m i n e  individual tolerances  arid ph ysical abilities to p e r f o r m  a
length y mi l i t a ry  mission in a cold-weather  environment .

2 . 2 .  WEIGHTS AND DIMENSIONS

Wei ghts and dimensions were :

Length Width Hei ght Weig ht
(inches) (inches) (inches) (pounds )

Bat tery  pack 16 8 5 35 3/4 -
S

Recircula t ing  heater  9 3 /4  7 3/4  1 3 1/4

1 
_ _ _ _ _ _  
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2. 3. INSTALLATION REQUIREMENTS

A detailed descr iption of winter izat ion kit installat ion requ i re -
merits is riot pract ical  at this time because the equipment provided by
the manufac tu re r  was attached to the a i rc ra f t  in such a m an n e r  as to
allow an evaluation of kit operation onl y. The product ion  kit conf i gura -

• tion may not be the same as that of the test i tem. Fur the r  tes t ing  of
the equi pment  in an actual a rctic envi ronment  should consider  the air-
f r a m e  modif icat ions  necessary  fo r production kits.

2 . 4. FUNCTIONAL SUITABILITY

2 . -I. 1. A i r f r a m e  and Subsystems.

In genera l , the OH-6A operating at var ious  ambient tempera-
tu res  between 0°F. and -65 °F. pe r fo rmed  acceptably within the artifi-
cal envi ron ment of the Climatic Labora tory .  However , dur in g the

• course  of the test , seve ral problem areas appeared that required main-
tenance  action or devi ation f r o m  procedures  established in app licable
technica l  manuals .  The more si gnif icant  occur rences  are d iscussed
in the fol lowing paragraphs :

2 . 4 .  1. 1. “Py-de r i chment ” Fue l Control .  During port ions of the test ,
an improved desi gn “Py-der ichment ” fue l control  was installed in the
aircraf t and evaluated p rimar ily for  its effect  on engine s tar t ing at
red uced t e m p e r a t u r e s .  Part C, appendix I , l ists the changes in sta-

- • bili z ed g a s - p r o d u c e r  mpeeds  as a func t ion  of t e m p e r a t u r e .  Acceptable
• en g ine s t a r t s  that maintained turbine  outlet t empera tu re  (TOT) within

limits (less than 927°C. ) were  obtained with N 1 speeds as low a s 10
percen t  on record runs .  Detailed invest igat ion of this condit ion m d i-
cated tha t 8. 0 pe rcen t  was the min imum N 1 speed f o r e ng ine star t s
usi ng this test  fue l  cont ro l .  However , with this fue l control  installed ,
the pi lo t’ s throt t le  twis t  g r ip  became increas ing ly stiff with decreas ing

j ambient t e m p e r a t u r e s .  As a resul t , at -45°F.  and below , it bec am e
:~ n e c e s s a r y  to preheat  the f u e l  cont ro l  before  each run to allow suff ic ien t

twist gr i p th ro t t le  operat ion.  The standard fue l  control  conf igura t ion
permi t ted  more  acceptable thrott le twist gri p rotat ion even at -65°F.

2 .4 .  1 .2 .  E lec t r i ca l  System.  As the ambient t empera tu re  decreased
below 0°F. during the initial test runs , the t ime requi red  fo r  the d .c .

-. g e n e r a t o r  to activate increased .  Troubleshoot ing revealed a mal-
func t ion ing  overvol tage relay which would operate p roper l y only a f te r

2-2
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iL had b een preheated ext e rna l ly  or had b een w~t r rnc d  ny u. t r i i~~I ca l - in
heat . As the t e m p er a t u r e  was reduced , the time required ior  ti:•; re lay

-

• 
to ope rate increased to the extent that at -65°F. , the relay had tc• be
oyp i s sed  to obtain proper  genera tor  operation. Only one r u l ~1y w~~
evaluated as a re placement  was not immediately available.

2 . 4 .  1 . 3 .  Fli ght Control System. As the ambient tempera ture  de-
crea sed , the amount of fo rce  required to cycle the collective pitch
stick throug h its ful l  t ravel  increased.  The rubbe r dust boot cover ing

• 
the mas t had been previousl y removed as a precaution against  crack-
in g at the lower t e m p e r a t u r e s .  At one point ( -4 5 °F.) ,  af ter  mois ture
had conde nsed and f r o z e n  on the uniball bearing sliding sur face , th

col lect iv e pitch con t ro l  could not be moved. The uniba l l asse m bly
to be preheated and ca re fu l l y wiped dry .  As the test p rogram con-
tinued , the collective pitch stick became so weakened that dur ing  pr & -

start  c ycling, it broke off in the pilo t ’s hand and had to be replaced.
Invest i gation of the f r o z e n  uniball bearing surface indicated that a cold-
we a ther-compat ib le  dust boot would possibly have kept the uniball bea r -

• ing su r f ace  re la t ively dr y. Howeve r , the ability of the Teflon bear ing
to withstand the repeated abuse of an extreme cold-weather  environ-
ment  must also be investigated f ur t h e r .

~ .4.  1 .4 .  Ant i torque Sys tem.  As the ambient tempe r ature decreased ,
the an t i to rque  reaction to pedal pres sure  decreased .  Minimum anti-
torq ue contro l  for  hovering fl ig ht could be obtained only after operat-

• in g the a i r c r a f t  at f l i ght idle N 1 speeds (min imum collective pitch and
101 percent  N 2 )  fo r  10 minutes  and then slowl y and carefu l ly  cycling
the pedals throug h fu l l  t ravel .  It is anticipated that longer  periods of
opera tion at fl i ght idle will be r equired f o r  a i rc raf t  ope r ating in the
ac tua l co ld-weather  environment  to preclud e unsafe  anti torque control
l inkage f a i l u r e .

2 . 4 .  1.5.  Throt t le  Control .  At ambient tempe ratures of -45 °F. and
below , it became necess ary  to disconnect the copilot ’ s thrott le  twist
grip l i nkage  so that the fue l  schedule  position on the fue l control  would
c o r r e s p o n d  to the th ro t t le  twist g r ip  position set by the pilot. Pr ior  to

• d i s c o n n e c t i n g  the copilot ’s throt t le  l inkage , the fue l  cont ro l  posit ion
lagged signifi cant ly in the d i rec t ion  of thro t t le  movement ;  at ground
idle pos i t ion  (DE TENT) on the throt t le , the fuel  control  position was
a p p r o x i m a t e ly between the CUT-OFF and DETENT posi t ions.  Although

• the exact caus e of the linkage drag could not be de termined , disconnect-
ing the copilot ’ s twist g r ip  reduced the overall  l inkage drag suff ic ient ly
to al leviate the prob lem.  ‘

Ii
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• 2 . 1. • . . Windsh ie iu  Def ros t ing .  fhe  : ieater  a u ~ t s ir the  . u r n -
p i~ent - f  th e  OH-6A are  designed to defros t  the windsh ie ld  as well
i~~• J r ) v i d e ~~~~~ heati r~g. In the Climatic Labora tory ,  a lig ht i ay cr  oi~

• ~~ t began to accumulate  on the inside of the windshield  as soon as the
-i lot was seated in position and the crew doors were  closed.  Whe n the

-~ng ine was started and the h e a t e r/ d e f r o s t e r  was activated , at least 10
-~nnutes of operation at fli ght idle N 1 speeds were  necessary  to clear
ic windshie ld  of f ros t  sufficient ly to allow safe hovering fli ght. To

•: omp letely clear the upper  windshield panels of internal  f ros t  required
- s  much as 20 minutes of hover power equivalents; the lower wind-

3hield and door panels were never comp letel y cleared .

2 . 4 . 1 .7 .  Ai rc ra f t  and Eng ine Ins t ruments .  All stabilized a i rc ra f t
• ~rid engine ins t rument  readings except engine oil t empera tu re  and

r e s s u re  correlated closel y with values obtained from calibrated in-
;t rumenta tj on  attached to the a i rc raf t . Part D , appendix  I , l ists both rnea-

• ; ired and ai r c ra f t  instrument read ing s with changes in ambient tern-
• e ra tu r e and power settings. At tempera tures  below -25 °F. ,  the en-

l ine oil p re s su re  gauge was general ly valid onl y to indicate the presence
• f adequate oil p re s su re .  The amount of instrume nt e r r o r  was clearly
-

• oeyond l imits.  The engine oil t empera tu re  gauge readings were within
olerance  in the -25°F . t empera tu re  r ange , but we re genera l ly too high

ui the -6 5°F. range.

l. 4 . 2 .  Winterj zatj on Kit.

The twin-bat tery  installation amid the recirculat ing heater
issembl y were evaluated with strict  adherence to the conditions pre-
scribed in the MC ’s, In all cases , the battery and heater  kits per-f o rmed  as intended and required onl y normal  preventive maintenance.

-• 2 . 4 . 2 .  1. Star ting Technique. The s tar ter  was usually engaged for  a
maximum of 30 seconds before a “lite off ” was attempted or the sta r te r
button was released. In a few cases , the 30-second period was ex-
tended to 60 seconds if it appeared that maximum start N 1 speeds had
not been achieved. However , the N 1 in crease  in the second 30-second
p~~riod was minimal  compared with the f i r s t  30-second period . If a; -ccess ful  “lit e off ” was accomplished (maximum TOT peaks less than
L.7°C . ) ,  the s tar ter  button remained depressed until 58 percen t  N 1was achieved.

* 2. 4. 2. 2 . Star ter  Engagement  at and above -25° F. (Standar~1 Batter y
P w er  Source) .  At each temperature  in this range , modi f i ca t ion  of

2-4
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the approved technical  manual  s tar ting technique was required to ob-
- tam the maximum be nefit s of the standard battery installation. To in-

sure test  p rocedure  validity,  ba t tery  voltage was carefu l l y monitored.

A minimum of three  and a maximum of five 30-second sta r t e r  engage-

• ment s could be attempted before the voltage became dep leted. Three-

- to f ive-minute  intervals between successive s tar ter  engagements  per-

mitted the battery in ternal  t empera ture  to increase and voltage to be

regained . At -25°F. using the standard battery configurat ion , onl y
nine percen t  N i  could be obtained af ter  the third s tar ter  engagement
and before  the battery became dep leted (part C , appendix I) .  This gas-

producer  speed was not suf f ic ien t  for  e f fec t ive  starts with the stand -

ard fue l  cont ro l .  Fur ther  testing at this t empera ture  using the w in t e r -
- ized battery instal la t ion and a “Py-der ichment ” fuel  control  resulted

in a 780 °C. TOT start  on the third attempt and star ter  d i sengagement
(58 percent  N 1) in 80 seconds.  The technique of aborting low N 1 sta rt

a t t empts  d iscussed in paragraph 2. 1 . 1.4 .  1 of r e f e rence  2 was a t tempted

but was d iscont inued a f ter  obtaining inconclusiv e results  due to the
th ro t t l e  l inkage di f f icul t ies  described above.

2 . 4 .  2 . 3. S tar ter  Engagement  Below -25°F. Reference  1 permi t s the

• use of a ~v in te r i za t ion  kit for  ope ration of the a i r c r a f t  below -25 °F.

provided no major  modification is requi red .  Util izing the winter ized
• bat ter y kit and the “Py -de r i chm en t ” fuel  control , a sat isfactory start

could be obtained on the f ir s t  or second attempt after  star ter  engage-

• ment  at -45°F . (par t  C , appendix I) . However , 2 .5  minutes  were  re-

qui red  to reach 58 pe rcen t  N 1 speed which is minimum for star ter  dis-

engagement .  The eng ine manufac tu re r  has limited s ta r te r  engagement

• t ime on product ion  e ng ine s to two minu tes .  This is an ign ite r  lin-iita-

t ion. Eng ine s t a r t  at tempts  a f t er  a 24-hour cold soak at -65°F . using a
• s tandard fuel  control  and the win te r i zat ion  bat tery  kit wer e not success-

ful .  A maximum of 5 .5  p ercent  N 1 was obtained on the four th  s t ar t e r

engagement .  R e s u l t s  of at tempted star t s  using the “ P y-d er i c h m ent

fue l  contro l  at this t e m p er a t u r e  w er e  inconclusive because p rehea t ing
- - of several  eng ine and a ir f r a m e  components  was r equ i red .  The abor ted

star t  method discussed in r e f e r e n c e  2 was also attempted , but again

onl y inconc lus ive  resu l t s  w e r e  obtained.

2 . 4 . 2 . 4 .  APU Starts . APU star ts  w er e  succes s fu l  at all test t e r n -

• p e r a t u r e s .  No modif ica t ion  to the accepted starting technique was
made because the m i n i m u m  N 1 required could be obtained in each case.

2 . 4 .  2. 5. C r ew - A r e a  Tempera tu re .  During all test  runs ,  onl y the

— 
r ig ht f r o n t  c r e w  seat was occupied; however , it was apparent  f r o m  -

•

H
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the data obtained that the presence  of the c r e w m e m b e r  increased the
tempera tu re  in that zone.

2. 4. 2. 6. Standard Hea te r/Def ros t e r  Operations at and above -25°C.
The standard hea t e r/de f ros t e r  was operated continuousl y on each test

- run a f t e r  an acceptable start had been accomplished until shut down.
- Part A , appendix I, is a table of c rew and cargo-area  t empera tu res

taken at various t imes during the test run .  These tempe ratures  were
• obtained with the standard production heater installed and operat ing in

-

• 
the FULL OPEN position. At elapsed test run t ime of 17. 5 minutes
during the cl imb power portion , the temperatures at the pilot ’s head
and knee positions surpassed 40°F . ,  but the foot t empera tures  did not
reach 40°F. until  73 .5  minutes ’ elapsed test run t ime . The pilot ’s
comfor t  level in the -25 °F. range was higher with the standard heater
because the reci rcula t ing heater blew more cold air on the pilot’ s face.

2. 4. 2. 7. Recircula t ing Heater Operation Below -25 °C. Part B ,
appendix I, is a table listing crew and cargo-area  tempe ratures  taken
at var ious  times dur ing the -65°F. test run using the rec i rcu la t ing  air
h e a t e r/ d e f r o s t e r  provided for the test by the manufac ture r .  At an
elapsed test run t ime of 25 minutes , the pilot’ s head and knee area
t empera tu re s  had exceeded 0°F. However , the foot t empera ture  did
not exceed 0°F. until 35 minutes ’ elapsed t ime. During a loiter power
setting (45 p. s. i. to r que) ,  the pilot ’s head area tempe rature dropped

• below 0°F. for  a short time to -1°F . ,  but increased again when the
eng ine powe r setting was increased to 60 p. 8. i. torque.

• 2. 5. DESIGN DEFICIENCIES

Operation of the OH-6A in a cold-weather environment  is limited
by the fol lowing design deficiencies:

• L 2 . 5 . 1 .  Operation of the collective flight control linkage syBtem below
- • -25 F. is limited by the increased st iffness in the control.  (See para-

graph 2 .4 .  1 . 3 . )  Regeated operations of the stiff control stick at tem-
pera tures  below -25 F. will eventually cause it to fail.

2. 5 .2 .  Throt t le  control below -25 °F. is limited by the copilot ’s
• throt t le  twist gr i p drag on the fuel  control .  (See paragraph 2 .4 .  1 . 5 . )

This desi gn deficiency limit s the pilot’ s ability to determine the actual
fuel  control  reaction to a given thrott le  setting .

• ~~~~~
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• 2 .5 .  3 . T l i t  eng ine oil p r e s s u re  gauge is not an accurat e ref lect ion of
the ac tua l  eng ine oi l p r e s s u r e  mainta ined in the oil system below 0°F.

2. 5 . 4 .  N o r m a l  operat ion of the OH-6A d .c .  e lec t r ica l  sys tem in a
co ld -wea the r  e n v i r o n m e n t  (below 0°F .)  requires  preheating of the
overvol tage  relay.

2 . 6 .  SAFETY

The requirement  to operate the a i r c ra f t  for 10 minutes at fli ght
idle power setting s (paragraph 2 .4.  1.4)  could r e s t r i c t  safe ground op
operation of the a i r c r a f t  in an arctic environment.  Fur the rmore,  the
marginal  windshield defrosting capabilities (paragraph 2 . 4. 1.6 ) l imit
the pilot ’ s visibili ty.

2 . 7. COMPARISON WITH MC’S

2. 7. i .  A i r c r a f t  operation down to temperatures  of -25 °F. was in ac-
cordance with the MC’ s with the fol lowing exceptions: ‘ 

-

a. Unreliable overvoltage relay (paragrap h 2 .4 .  1. 2) .

b. Unreliable eng ine oil p re s su re  gauge (paragraph 2 .4 .  1 .7 ) .

2. 7. 2. Attempt s to start the engine in accordance with the conditions
• prescribed in the MC’s were unsuccessfu l  at both -25°F. and -65°F.

2. 7. 3. Cabin-area temperatures  at an ambient t empera ture  of -25°F.
met the MC ’s afte r the hea t e r /de f ros t e r  had been operating for  12
minutes (17. 5 minutes ’ elapsed test run t ime)  although pilot area foot
tempe ratures  were  below 40°F. for  considerably longer.  Pilots
dressed in standard a rc t ic  clothing expressed no part icular  d i scomfor t
operating at the c r ew-a rea  t empera tu res  provided by the production
hea t e r /de f ros t e r .

2 . 7 . 4 .  Cabin heating at an ambient t empera ture  of -65 °F. met the
MC’ s af ter  the heater had been operating for  13 minutes (25 minutes ’
elapsed test run  t ime) although foot t empera tu res  were  below 0°F. for
considerably longer .  The pilot dressed  in standard a r c t i c  clothing was
able to operate the a i r c ra f t  for approximately 45 minutes ,  a f te r  which
t ime , he expressed increased d i s c o m f o r t  in both his feet  and hands.
In opera t ions  below -25°F. , the pilot had to use speciall y desi gned ,

- ‘ e lec t r i ca l l y (16-vol ts  d . c . )  heated g loves which allowed a con t inua t ion
of the tes t  r u n .  ~•
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1
Part C

Stabil~3ed Gas -P roduce r  Speeds (N 1) in Percent
with

V a r y ing E lec t r ica l  Sources  and /s mbient Tempera tu res
(12 Percent  N 1 Min imum for  Standard Fuel Control  Star ts)

(8 .5  Percen t  N 1 M i n i m u m  for  ‘Py-de r i chmen t” Fuel  Control  S ta r t s)

Full y Charged
Fully Charged Winter izat ion

Ambient  Sing le Battery Kit Batter ies  •

T e m p e r a t u r e  Cold Soaked Cold Soaked APU
(°F. ) (per cent ) (pe rcen t)  ( p e r c e n t )

70 15. 0 N / A  N / A

0 13. 0 No data 12

-25 9. 0 ( 1 ) ( 2 )  ~~~~ 12

-45 7~~5(1 ) (4 )  ~o .o (
~

) i~~
(
~~

)

— 65 No data 5 5 ( 1) ( 2 )  12

( 1)Start  not obtained.
(2)Standard fue l control .
(3)Start obtained with “Py-de r i chment ” fuel  con t ro l  only .
(4)”P y - d e r i c h m ent ”  fue l  control .  -

•
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Part D

Comparison of Engine Ins t rument  Reading s
Against

M easured Values in the -25°F. and -65°F. Tempe rature Ranges

Eng ine Oil Engine Oil
Eng ine Temperature  Pressure

Temperature  Torque (°F . )  ( p . s . i . )
(°F . )  (p . s .  i . )  Airc raft Measured Aircraf t  Measured

-31 60 140 145 150+ 116

-29 74 158 151 150+ 116

-25 43 149 151 150+ 116

-65 60 167 151 150+ 109

-66 63 176 157 150+ 109

-67 45 176 156 150+ 109
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DEPAR TME NT OF THE ARMY
U. S. ARMY A EROMED ICAL RESEA RCH UNIT

FORT RUC K ER , A L A B AMA 36360

USAARU-CO 21 June 1968

SUBJ ECT : Mean Body Temperatures of OH—6A Pilots During Cold Tests

The President
US Army Aviation Test Board •

Fort Rucker, Alabama 36360

Attached is Letter Report entitled Mean Body Temperatures of OH—6A Pilots During
Cold Tests , forwarded as requested.

FOR THE COMMANDER

-
,
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- MEAN BODY TEMPERATURES OF OH-6A PILOTS DURI NG COLD TEST S

Letter Report

LTC DELVI N E. LIlT ELL a
PFC LAWRENCE KELLY

I
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INTR ODU CTI O N

The US Army Aviation Test Board requested the US Army Aerorned ical Research Unit

to investi gate the cold stress on pilots during the environmental testing of the OH-6A

helicopter in the climatic hangar at Eglin AFB. The test period extended from 3 Apri l

to 7 May 1968, wit h chamber temperatures of 30°F, 0°F, -25°F, -45°F and -65°F.

PROCEDURE

Mean body temperatures were computed from mean skin temperatures and rectal

temperatures. The skin temperatures were measured by Yellow Springs Instrument

• Company (YSI) model 409 thermistors attached to the forehead, upper arm, chest, inner

thigh and calf of the leg. The rectal temperatures were measured by a model 401 YSI

thermistor. During a majority of the test runs at -65°F, the finger and toe skin

temperatures were monitored by model 409 YSI thermistors.

The mea n skin temperature was computed from the following formu la:

I ~ 0.08 T~~+ 0.1~~1 +0.31 1 +0.33 1 +0. 15 1SM A C I L

T sM 
= Mean Skin Temperature

Forehead Skin Tempera ture

TA = Upper Arm Skin Temperature

= Chest Skin Temperature

I 
- 

T T = Thigh Skin Temperature

TL Calf Skin Ter.p.rature

ft 3-U -S
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- • The mecm h c y  temperat ure was computer as fo llows :

T BM 1/3 T SM 
+ 2/3 T R

T BM 
= Meon Body Temperature

T R Rectal Temperature

A time series line was then fit to the data by the method of “Least Squares”

ca lculated on a mode l fl30 IBM computer .

R E SULT S

During a majority of the test runs, t he pilots wore electri call y heated gloves. -

These gloves are not standard issue for use by Army aviators in this aircraft . Unless a

source of additiona l heat (electri call y heated gloves) is available for the pilot ’s hands,

the cock pit temperature must be maintained above 40°F for fl ights in excess of one - 

-

f’I- .urj .

A detailed analysis of the data reveaied no significant cold stress on the pilot

during t he test runs with chamber temperatures of 30°F, 0°F and —25°F. —

In spite of the fact that the pilots wore as much clothing as the mission would

permit (4 CLO Units), there was s gniflcant cold stress on the pilot at the chamber

temperature of —4 5°F. (See Figure 1 and 2)

At the end of each test run at -45°F and -65°F the pilots experienced an average

heat loss of over 100 Kilocalories This heat loss could be expected to produce a

3-11-6
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— significant decrement in pilot performance . A continued loss of heat at the rates

measured during the —45°F and —65° F test runs would definitel y resu lt in a significant

morbidity, i.e. frostbite of the extremities , or incapac itation by the end of a three

hour flight.

CONCLUSIONS

1. Without heated gloves for the pilot, the present winterization kit does not

provide adequate heat for operation of the OH—6A in environments below 0°F.

2. W t h  heated gloves for the pilot, the present winterization kit provides

adequate heat for normal operation in env ranments as cold as -25°F.

3. Even with heated gloves, the present winterization kit does not provide

adequate heat for flights in excess of 2 hours at a temperature of —45°F, or 1 1/2 hours

:1 at —65°F.

RECOMMENDATION 
-

-I

It is recommended that winterization kit specifications for Army aircra ft require

that t he cockpit temperature reach 40°F within one hour after the start of the flight, if

no heated gloves are provided. If heated gloves are provided, t he cockpit temperature j
~-•.i ~—

0 . . . -must reach a minimum of 20 F within two hours after the start of the flight.
I

- 11.- ’4
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mand , 30 March  1960 , subject: “USCONARC-Appr.- v~ d Mi l i t a ry  Charac-
terist ics fo r  a Light Observation Ai rc ra f t , ” with 1st Indorsement ,

- AJAAV , Headquar ters , Third United States A r m y ,  18 A pril  1960.

2. Final Report of Test , ‘ Climatic Hangar Test of the OH- 6A
Light Observation Helicopter , ” USSA TECOM Pr oject No. 4-3-0200- .
72/80 , US A r m y  Aviation Test Ac t iv i ty ,  Jul y 1965.

3. Letter , AMS TE-BG , Headquarters , US Army Test and Evalu-
ation Command , 15 March 1968 , subject: “Test Directive , Product
Improvement Test, OH-6A Winterization Kit.”
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APPENDIX IV - DIS TRIBUTION

Agency Final Reports

Commanding General 5
US Army Aviation Materiel Command
AT TN : AMCPM-LH-T
P. O. Box 209, Main Office
St. Louis , Missouri  63166

• Commanding General 1
US Army Test and Evaluation Command
ATTN : AMSTE-BG
Aberdeen Proving Ground , Mary land 21005
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