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~~Pi1ots flying high performance aircraft under sustained acceleratio n in an
ACM (Air Combat Maneuver) have been exposed to an additional stress imposed
upon them by their heavy , unsta ble helmet and its related oxygen mask. A
newly developed lightweight mold -in-place helmet with an integrated oxygen
mask System was dynam ically tested on the Naval Air Development Center (NAy-
AIRDEVCEN) human centr ifuge in a simulated ACM acceleration profile. Four
pilots , each wearing three variati ons of the prototype helmet , were ex pose d
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2O~~to a peak of 6 G2 i n 10 seconds , held for app rox imatel y 4 secon ds , re-
turned to 2 Gz, then built up to 4 G~ in 10 seconds , held for app rox imatel y
4 seconds and then returned to a p lateau of ei ther 3 Gz or 1 C2 for a total
time of 4 minutes. Performance measurements were made during the plateaus.
The pilots used the APH-6 single visor helmet as a standard for the conven-
tional HGU-35/P helmet and a VIAS-rI helmet (lightweight , mol d-in-place
helmet assembly using an A- 1 3A oxygen mask and an add-on VIAS electronic !
optical system) as a standard of comparison for the VTAS-I II (an HGU-35/P
integrated oxygen mask system and an integrated VTAS electronic/optical sys-
tem). Based upon a perfect score of 100, the overall evalua ti on of the
helmets tested scored as follows : APH-6 (57.5), VTAS- II (46), HGU—35P High
Pressure (79), HGU-35 Low Pressure (77.6 , and the VTAS-Ill (71).
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S U M M A R Y

IN TRODUCT I ON

A new series of lightweic iht , form-fit , mold -in-place helmets with an
integrated oxygen mask system were exposed to high G acceleration tests
under simulated altitude conditions of 8000 ft and 20,000 ft. A peak of
6 Gz was reac hed in 10 sec and held for 4 sec , then the acceleration was
reduced to 2 G2 and again held for 4 sec and then returned to a p lateau of
either 3 G2 or 1 G2 for a total run time e-~’ 4 m m .  These accel eration/
alt itude tests were programmed on the NAVA ‘IDEVCEN huma n centrifuge in
February 1975.

Prior to the NAVA IRDEVCE N human centrifuge acceleration/alt itude tests ,
the HGU-35/P low pressure and high pressure oxyqen masks were staticall y
bench teste d at the Crew Sys tems Department oxygen la bora tor y. These oxygen
mask/ helmet systems tests were fol lowed up by a series of simulated a ltitude
tests (sea level , 8,000 ft . 20 ,000 ft ) in the hypobaric chamber located at
the Philadelphia Nava l Base.

- Scope of Tests

Six helmet conditions were evalua ted : (1) no helmet; (2) APH-6 D single
visor helmet with fitting pads and an A13-A oxygen mask (figure 1); (3) HGIJ-
35/ P low pressure helmet with mold -in-place fixed liners and an integrated
oxygen mask (figure 2); (4) HGU-35/P high pressure helmet with mold-i n-place
replaceable liners and an integrated oxygen mask (figure 3); (5) VTAS-II sing le
visor helmet with mold -in-place replaceable liners and an Al3-A oxygen mask
(figure 4) ;  and (6) VTAS -III modified HGU-35/P low pressure helmet w i  mold-
in-place replaceable liners and an integrated oxygen mask (f igure 5).

Two performance measurements were made on a l l  helmet con di t i ons : ( 1)  hea d
mobility and visual field perimetry , and (2) helmet sound attenuat ion . Indica-
ti ons of head and helmet stabil i ty were obtained addit ionally for the VTAS-I I
and VTAS-II I helmets only.

The stat ic bench tests of the oxygen breathing system were no-load measure-
f * ments under three conditions. A 2100 psi oxygen tank was valved through a flow
• meter (liters/minute) into a “T” fitting connecting to a gauge (inches of H20)

and to the oxygen mask supply hose (open-ended). Gauge measurements were made
for each 10 l iters/ minute flow rate between 10 and 100. The oxygen hose was
then connected to the helmet (without the oxygen mask) and again similar ciauge
measurements were made . Lastly, the oxygen mas k was connecte d to the helm et
and gauge measurements were made. These tests measured the resistance to oxygen
flow cause d by the oxygen hose , the helme t ducting , and the oxygen mask .

A leakage test was a lso performed on the oxygen mask supply hose. A 2100
psi oxygen tank was valved through a flow meter (cc/mm ) into a ‘T’ fitting
connecting to a gauge (inches of H20) and to the oxygen supply hose (closed
end).

— 1 —
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It was intended that the skin conducto r capacitor microphone be used
- alternately with the m ask-mounte d dynamic microphone during the centrifuge

testi ng program even though it was not a prime interest. However , the re
was an incompatibility between the power requirements of the skin conducto r
microphone amplifier and the power source in the centrifuge gondola which
precluded the use of this microphone .

Conclus i ons

Based upon a perfect score of 100, the overa l l  evalua ti on of the helme ts
tested scored as fo l lows: APH-6 (57 .5 ) ,  VTA S II (46),  HGU-35/ P High Pressure
( 7 9 ) ,  HGU-35/ P Low Pressure (77.5), and the VTAS ill (71). The concept of
the lightweight , form-fit, mold- i n-place helme t with an integra ted oxyge n
mask was favorably received by all four pilots . However , ma ny problem areas
were identi fied and are presently being reso lved .

The hypoba ri c chamber tests and the centrifuge simul ated alti tude tests
indicated satisfacto ry operation of the helme t oxygen system .

Recome ndations

The rear oxyge n/communi cations and the VTAS III helme t connector on the
HGU- 35/P h ig h an d low p ressure helme ts should be reloca ted an d re des ig ne d to
provide mi nimal discomfort and maxi ma l compatibility with the seat headrest.
It should also provide a mo re positive locking device .

The V-TEC line r and edge roll system shoul d be redesigned to al low a
larger space for a large r range of earcup adj us tment.

The integrated oxygen mask suspension system is not properly ali gned
wi th  the face and ~onsequent ly causes leakage in the oxygen mask face seal .
The right and left side helmet/ mask connectors should be redesi gned to
allow for more face s izes and a better lock -on. The mask sus pension system
shoul d also make provisions for in-fl i gh t adjus tment.

The VTAS -III ha~ a heavy visor assembl y w hich moves the helme t center -
‘ I  of-gravity forward . Although the VTAS- III optics and electronics are not

within the province of this report , serious considera tion shoul d be given
to re l ievi ng this effect and reducing its r,verall weight in the future
design of the ultima te VTAS helmet. Also the reticle projector vibra tes
under G forces and shoul d be made more stable.  The VTAS-II I  e lectronics
power cord in the back of the helme t is very heavy and restricts mobility .
This should be co rrected .

The HGU- 35/P low pressure hose is enti rely unacceptable because of poor
construction and requi res redesign.

The HGU-35/ P high pressure hose has a bul ky and s t i f f  coil  at the back
of the helmet which limi ts head mobil i ty and comfort. A bette r design is
needed.

The HGU- 35/P low pressure oxygen mask requi res a more posit ive acti ng
inhalation / exhalat ion valve to reduce intermittent st ick y and f lu t ter ing
ac tion .

- 7 - .
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The mask mounte d regulator of the HGU-35 / P high pressure I I I I~~ V S nu isj
and should be redesigned or its location changed .

In all designs of the HGU-35/P helme t (low pressure , high pressure , and
VTAS-III), there shoul d be some awareness to the pilot if the oxygen service
hose is disconnected . Ambient air could be brea thed in a low pressure condi-
tion without the pilot knowing it.

The form-fi t line r systems have a hea t build-up. The ultimate systems
shoul d have a means of thermal cooling .

I N T R O D U C T I O N

The Navy APH-6 Helme t has become a platfo rm for the addition of ne~’ifeatures of improvement such as dual visors , sound attenuati ng earcups and
the VTAS (Visua l Target Acquisition System). These have inc reased the bulk
and weight of the helme t system to the point where they are unstable on the
head under high “G’1 and too heavy to wear over a long period of time . The
Naval Air Development Center and the Na val Air Systems Command have become

- - , aware of these problem s and have developed new lightweight , form- fit, mold-
in-place helmets with an integra ted oxyge n mask system . The weight C~t the
helme t is reduced by a lightweight shell ma terial and by the use of light-
we ig h t commun icat ion compon en ts an d i ntroduc i ng a new sk i n con d ucto r
capacitor mi crophone placed on the earcup seal. The oxygen mask has been
reduced in wei ght and profile and has become an integral part of the helmet
system .

The HGU—35/P helmet is integrated with an oxygen mask breathing system . It
consists of a lightweight DuPont Kevlar-4 9 shell with a layer of Nomex
honeycomb in the crown area . The integrated oxy gen mask has a combination
i nhala tion-exhalation valve and a torso mounted regulator in line with a
helmet moun ted oxygen brea thing hose. The regul ated oxygen supply is fed
into the back of the helme t through a comb i nation oxygen/electri cal rotati ng
joint connector. The gas is then ducted internally within the helmet shel l/
liner system to the oxygen mask/helme t connector. It has a skin contact
ca paci tor m i cro phone w it h an a l terna te ca pabi l i ty of a m i n i ature dynamic

• mask microphone , miniature li ghtwe ight earphones , and a ra tchet l ocking
clear visor. The complete system weighs approximately 2.5 lbs compared to
an APH-6 helme t/mask system we i ghing 5.2 lbs .

The HGU—35/P helmet high pressure oxygen breathing system is integrated
wi th an oxygen mask having a mask mounted regulator. Th~ hi gh pressure oxy-
gen supply passes through a lightweight hi gh pressure oxygen hose into a
smaller combination oxygen/electrical rotating joint at the back of the
helmet. It is duc ted throug h the helme t shell/liner system and mask/helme t
connector to a regulator mounted within the mask. The obvious advanta qe~ of- 

-., this system are that a decrease in hose bul k can be rea l ized wi th  no apprec i-
able inc rease of system weight , and havi ng a better oxyge n flow chdra cteristic.

The VTAS-II helme t assembly consists of a lightwe i ght APH— 6 fiberglass
shell wi th a form-fi t mold-in-place line r system and li ghtweight ea rphones .
It uses a conventional A— l3A oxygen mask system attached to the he l me t with
bayonet receivers . The VTAS-I I sensor/electronics reticle projector and
parabolic visor are contained in the visor assembl y attached to the helmet.

- 8 -
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The VTAS-I II helmet asse m bly is a special ly confi gured HGU -35/ P low pres-
sur e, form-fit , mold- in-place helmet assembly. The VTAS electronics and sensors
are fitted into the specially contoured helmet shell as an integral part of
the helmet. The reticle projector is attached to the parabolic visor as part
of the helmet system.

A prelimi nary concept evaluation program was conducted on the NAVAIR DEV-
CEN centrifuge to test the new lightwe igh t integra ted oxygen mask/helme t
system at high “G ’ accelerat ion (Report No. NADC -7504 1-40 of ~?O March 1975) .

A s econ d , and more extens i ve, centrifuge program was undertaken in
January 1975 to evalua te four major points of view : (1) Engineering per-
formance unde r an operationally realistic set of environmental conditions ;
(2) Physiological responses of the subjects as they wear each helmet; (3)
Huma n En g i neer i ng Performance Capabilities of the subjects as they wear
each helme t; (4) To assure that the helme t systems under study have a
high probability to operate successfully in ~n aircraft high 1G ” environ-
ment and duri ng ACM (Air Comba t Ma neuvers).

Four comba t experienced pilots (LCDR Michael McCarthy, NAVAIRDEV CEN ;
LCDR Peter Ange lina (NATC); LT Mark Ger ni ìiil l (NATC), and LT Michael Samuels
(NATC) were each form-fi tted with mold-in-place HGU-35/P low pressure , high
pressure , and VTAS - III helme ts . An APH- 6D helmet , a VTAS -II helmet , an d a
no helmet condition we re used as baselines for the centri fuge runs and data
anal ysis.

The centrifuge was control led in open loop ~nd simulated an F4 and F14
ACM pro file with a peak of 6 G~ 

in 10 sec, down to 2 G~ at 20 sec
, back up

to 4 Gz at 30 sec, and returni ng to a plateau of 3 G~ or 1 Gz (as the test
program required) for a total time of less than 240 sec. Two performance
measures were ma de : (1) Head mobility and visua l field perimetry with the
various helme ts ; (2) Helme t sound attenuation.

DESCRIPTION OF TEST PROGRAM

1. The experimental design for the helme t evaluation program consiste d
of the follow i ng :

a. Two Performance Measures

(1) Head mobilit y and visual field perinietry with various helmets
(2) Helmet soun d attenuation
(3) For VTAS - I I  and VTAS-II I  helme ts only: indications of head and

helme t stabi l i ty were ob taine d during additional da ta runs as c i ted in the
run matri x .

r

b. S ix  Helme t Condit ions

( 1) No helme t
(2) AP H-6 Single Visor  and A l3-A Oxygen Mask and Fitt ing Pads
(3) I-IGU- 35/P Low Pressure Integrated Oxygen Mask with fixed liners
(4) HGU- 35/P High Pressure Integra ted Oxygen Mask with replaceable liners
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(5) VTAS-II Single Visor and Al 3-A Oxygen Mask with replaceable line rs
(6) VTAS-II I Low Pressure I ntegrated Oxygen Mask with replaceable line rs

c . Two “G” Pla teaus

(1) 1 Gz
(2) 3 Gz

d. Four subjects

e. Two replications

This means there were 192 (2X6X2X4X2) basic experimenta l design data runs .

2. The no helme t condition and the APH-6 were used as two of the base-
lines for comparison of data . The reason for including the VTAS—II in these
tests was to confirm that the VTAS-III , which was designed specifi cally for
the requi rements of high g environment , does offer greater stability ,
mobility and comfort.

-
‘ 3. Four pilots from the NAVAIRTESTCEN (Naval Air Test Center) , Pa tuxe nt

Ri ver , were used as subjects since they were already fi tted with the HGU-35/P
Low Pressure Helmets and had vol unteered for the program. The pilots were
require d for a min imiin of three test days .

4. The cen tr if uge was con tr o l l e d i n  open loo p an d s i mula ted an F4 and
F 14 ACM prof i l e as show n ‘in figure 6.

L /~~~~~~~~~~~~~~~~

- 

10 

1 

~~~~~
TIME (SEC)

Figure 6. Time vs. G
~ 

Curve.

5 . Each da ta sess i on was com p r i se d of ei ght data runs (across two perform-
- 

- ance measures , two “g ” plateaus and two replications ) using one helme t condi tion .
Each pi lot/ subject had to undergo s ix  sessions , two sessions per day , the re fo re
requiri ng three days per pilot to complete the experiment (figure 7).
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6 . Vacuum ca ps we re use d on the gondola and all runs wer e ma de a t a
simulated altitude of 8,000 ft. except for the last run which was made at
a s imula ted al ti tude of 20,000 ft us i ng 02 for brea thing .

7. The pilot wore the helme t for one hour stati cally before enteri ng
the gondola. The gondola was decompressed to simul ate 8,000 ft (this took
approximatel y 90 sec) and then was exposed to peaks of 6g and 4g and then
to a steady plateau of lg or 3g for a total time of less than four minutes .
The pi lot then res te d for three mi nutes before the nex t run . This sequence
of test and rest was repea ted unti l eight test runs were completed. (Ap-
proximately 50 minutes were requi red for each session.) On the last run ,
decomp ress i on from 8,000 ft to the pressure simulati ng 20,000 ft started 10
sec in to the run. This took approximately one minute . When this run was
comp le ted , the gondola was returned to sea level pressure . This took ap-
p rox ima tely four mi nutes . The enti re da ta sess i on req ui red app rox ima tely
60 mi nutes . The same seri es of runs was then repeated with another pilot.

8. The reason for testing at 8,000 ft simulated alti tude was that the
I medi cal monitor wanted the testi ng to be accomplished at an operationally

realistic alti tude in order to get information concerni ng mask opera tion
configuration , combined with the effects of a high 1

9

11 env ironment.

9. The reason for tes ti ng at 20,000 ft simulate d alti tude was that
the med ical moni tor wan ted to k now how the mas k func ti one d af ter decomp res-
sion to this arbitrari ly chosen alti tude while exposed to a gU envi ronment.

10. The physiological /medi cal monitoring/data portion of the helme t
evaluation program was not intended to make definit ive judgmen ts concerning
the comfort or performance of any of the helme ts , but establishes the sub-
ject’s well-being while exposed to the test profile. The significant
changes found in the various physiologica l parameters studied are not neces-
sarily due to the helmets bei ng tested. The cri teri a for subject selecti on
was the same as that utilized in any of the centri fuge studies carried out
at the NAVAIRDEVCEN , namely, a current flight physical examination , i ncl ud-
ing ECG , a complete spina l seri es of X- Rays , blood bioch emical and hemato-
lo gical work-up , and a psychological examina tion . All subjects we re briefed
on the medica l aspects of the program.

Each morning the subjects we re given a complete physical examination
including COG , urinalysis , and blood work . The firs t subject was then
instrumented with the ECG electrodes (Parke-Davis  Co. )  for use i n  tne gon-
dola. A chest lead utilizing two “ac t i ve ” and  one “ neutra l ’  e lectrodes is
the standard ECG arrangement. Continuous EGG is a requirt - r~ nt for a l l  centri-
fuge experime n ts . The subject the n donne d whi c r e ’1€’ r helme t he was sched uil d
to wear for that pa r t icu la r  seri e of t~st s  -

In order to ueas ure Swi -~ t P~ -~j on - - t  - . d Pal r of sk in ‘ ‘ s  is ta rice ele t t r’odes
- ‘ was a t t a c h e d  to the subject I s f ( IrL-hn, ~ dod he ‘ i t  con ipie tely idle fo r a pt - r i  ad

of one to on” ~r - l  one- roi l f h o u r s  , -,~~ t r t~ie s~ iii res is tance on h i s  ~ore heod
moni ta r-ed every ni nute ny use of à f l  n ‘ * -  ter . This i nfor~iat  io n ~ou l  d drt ’- r-
nine the rela ti ufl~~~- p be twee n each ~ of hel v ~- t and the o n - c t  of sen~ i b l e
p e r s p i r a t i o n, ~h ic h  was ind i re c t l y  d r t t c t a b l e  n~ rr i o n it uni n q skin re sistance
variations.

- 12 -
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A the rmisto r (Yellow Springs , Inc.) was mounted inJ de the helme t and a
minute-by-minute record was kept of the temperature within the space betwee n
the helme t and the subject ’s head. This informat ion dete rmined whether there
was a di fference between helme ts, in intra-helmet temperatures , a s the run
progressed , and how much diffe rence .

When the subject was ready to be ins talled in the gondola, he was fitte d
with six EMG (electromyogram) electrodes (Mi crocom Corp. Biodes). They we re
placed on the subje ct ’ s sternocleido mastoid and trapez ius muscles in order to
give some objecti ve i ndi cat ion of how much d i f f icul ty was encounte red in main -
taining the head erec t , under G, whi le  weari ng the various helme ts . A compari-
son of this data wi th  tn -  performance data w i l l  indica te the ef fects of fati gue
as a resul t of m a irtain i n ’J head position. It is believed that the lighter the
helme t and the c loser  c .g. is to the support col umn , the less the [MG
act iv i ty . EMG sho uld be a d i rect  physiologica l indi cator of good helmet design .
The subject was then outfitted with the rest of his norma l flight gear which
include d fl ight suit , torso harness , survival ves t, G sui t , oxyge n mask , helme t ,
gloves and fli ght noo t - ; and ins tal led in the gondola.

- Once i nside the gon ln ld , the LL~ , [MG . gondola temperature , the subject ’s
recta l (core ) te ni pe ratur - , and int ra -he lme t temperature we re conti nuously nioni-
tored on the external ly loca t ri med ical/physiologica l moni tor ’ s station. The
me di ca l mon ito r ’ s co nso~e cons is te d of a Brus h Mode l 481-8 channe l Stri p Chart
Recorder for a perma nent record of al l  pa rameters , and a Tektronix Model Kl3
Storage Display / Tek t ron ix  Model 470 1 eight Channel Mul ti plexe r for real -time
moni tori ng and display of ELG .

At the end of each expos ure , of which there were nine or eleven sessions ,
dependi ng on which helmet was being evalua ted , the medi ca l moni tor asked the
subject for subjecti ve coui-i-ients concerning his previous ri de and of the sub-
ject’s physical condi tion. All of these questions and answe rs, as well as the
subject’s visua l appea rance within the gondola during his centri fuge exposure
runs were recorded on video tape using a Sanyo Video Tape Recorder connected
to a closed ci rcui t TV came ra located within the gondola. The closed circuit

- 

. TV camera observ i ng the pi lo t ’s face is a manda tory requirement for all centri-
fuge opera tions.

Follow i ng the fi na l exposure of a testing session , the subject was egressed
from the gondola and taken immediately to the Subject Preparation Room where he
underwent a complete pos t-flight physical exanh ination , includi ng ECG , uri nalysis ,

- and blood- test chemi~ tries . He was then given a thorough medical debriefi ng,
us i ng specially prepared questionnaire s (see Tables 1 , 2, 3, 4 , 5 ) .  In addi tion ,
the subject was also given a debriefing by the Human Perfor mance Team to ascer-
tam the subject ’s comments about the va rious helmets he was wearing.

11 . The following perfo rmance measureme n ts we re observed and recorded:

a. Vi sua l Field Pen try - To determine the range of the visua l field
provi ded by each helme t, visua l field perime ters were measured w i t h  each p i l o t
wearing each of the f ive helmets under labora tory test  cond i t ions .

b. Hea d Mob ili~y Measurements - To eva lua t e  the con st r a inL imposed y the
helme ts on head mobi l i ty , each subject wu~ require d to nave his head and ident i f y

— 13 -
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T A B L E  1

MEDICAL PRE-RUN QUESTIONNAIRE

Medical Complaints - None - 12
Yes - 3 Recent nose bleed

Slight nasal congestion
URI

Hours slept - 6 hours - 4
6.5 hours - 1

7 hours -- 6 Average - 6.8 hours
7.5 hours - 2
8 h o u r s - 3

Rested completely - 11
somewhat - 4

Sleep restfu l - 13
fitful - 22

Last meal - 1 hour - 5
2 hours-5
4 hours - 3 Average - 3.6 hours
13 hours -

14 hours -

Medications No - 10
Yes - 4 Tetracycline 250 mgm p0 x2 - 3 hours pre

ASA - 20 hours pre
Al ka-Seltzer - 9 hours pre

Ethanol No - 9
Yes - 5 16 oz - 12 hours pre

8 oz - 11 hours pre
8 oz - 10 hours pre
3 oz - 10 hours pre

Present physical condition Excellent - B
Goo d - 6

Exercise Every day - 0
lx week - 4

- . 2x week - 10

Physical problems - chronic None - 10
Yes - 1 Stomach and intestinal problems 20 to

ETOH ingestion
Hemorrhoids

- 14 -
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T A B L E  2

MEDICAL POST - RUN COMMENTS

Tired - 11 02 mask l oosens up on R side and
Greyout - 9 pulls down on nose - bottom
Tape on biosensors uncomfortable - 5 presses on throat -

Vertigo - 5 Mask va l ve flutters - exhalation -
Abdominal discomfort 2° to Valve tends to stick -

G suit - 6 Pressure point inside helmet 2°
Dizziness — 4 to hose -
Shaky - 3 Pressure point - helme t liner -
R e l a x e d  - 3 HGU 35/P (HP) - 2
Thirsty - 3 02 mask leaks L top side -

- - Physically uncomfortable in HGU-35/P (HP) -

gondola - 2 Coil for 02 uncomfortable -

Biosensors uncomfortable - EKG HGU-35/P (HP) -
and EMG loose - 2 02 mask loose and noisy -

G-suit over-inflates - 2 HGU-3 5/ P  (HP ) 
-

Weak - 2 02 mask too short - pressure
Hungry - 2 against bridge of nose -

Depressed — 2 HGU-35/P (HP) -

Stick not back far enough - 2 02 mask uncomfortable - binds
Discomforting - 3 G with buffet - 2 nose - HGU-35/ P (HP) -
Ride uncomfortable at max G - 1 02 mask does not fit helme t -

Difficulty breathing - G suit too HGU-35/P (HP) -
ti ght - 1 Helme t and mask unsatisfactory -

All EMG leads uncomfortable - 1 HGU-35/P (HP) -

Elated - 1 L retro-auricula r region burned
Nausea with helmet mobility at by faulty mike - HGU-35 /P

3 G  - 1 (LP) - 2
G loading unrealistic - 1 Helmet heavy , but comfortable -

Stuffy in gondola - 1 VTAS II -

Li ght-headedness — 1 “Not thrilled” with VTAS III
Cold sweats - 1 tracking task -

Visual problems 2° to light-
headedness - 1

Abdominal “gas ” pains - 1
Throat dry
Nausea - 1 Estimated recuperation time beforeRectal probe uncomfortable - 1 ready for next run:Torso harness uncomfortab le - 1
Straps (torso) not attached 2 olin -

correctly - 1 25 n u n -

Some apprc ”ension before run - 1 30 n u n  -

Increased salivation - 1 1 hr - 4
Mike ride-up on front of teeth - 1 1.5 hr - 3
Pain R side head - ear cuff - 1 2 hr - 5
Pressure point - top of head - 5 hr -

APH-6 - 1 24 hr - 2
Pressure point side of nose - 1 yr -

- ti ask - APH-6 - 1 10 yr - 1
Mask unsatisfactory - helmet

worse - APH-fi - 1

- 15 -
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T A B L E  3

SUBJECTIVE REPORTS

Immediate_Pos t Run 24 Hou rs Pos t Run

Dizziness — 7 Muscle pain/swelling - 2 (trap.)
Abdominal discomfort - 5 Fatigue - 2
Neck pain/stiffness — 4 Clavicle pain 2 - to harness -

Fatigue — 7 Neck pain/stiffness -
Muscular pain/swelling - 2 Joint pain/swelling - 1
Headache - 2 Weakness -

Dry throat - 2 Abdominal discom fort -

Weakness -. 1 Headache -
Nose sore - 1 Dry throat - 1

General Opi ni ons of Rid e

Pre : Fine - 5 Post: O .K. - 4
Interested - 4 Good - 3
Willing to ride - 2 Likes ride - 2

- ‘ Well motivated - 2 Relieved - 2
“I signed up, I ’ l l ride ” — 1 “No ” — 2
“ I’ll do it ” — 1 Helps to understand problems- 1
Relieved - 1 Buffeting unrealistic - 1
It’ s O .K . - 1 Enjoyed run -

Was “forced into it” - 1 Easy one of all -

Ready to go - 1 Boring -
Wan ts to “get it over with” - 1 Depressing -

Not bad - 1
Interesting , but not

overly so -

Do not see reason for
duplication —

No vent i lat ion at altitude —

“Dra g” , in general , after a
few runs -

All right for a visit -

So—so —

Rather be in Philadelphia -

O.K . , but disappointed in
audio - task -

Whole ride discomforting
(APH -6) - 1

ExceUent way to obtain
baseline (in what
helmet/uuua sk should
not be {AP H-6]) - 1

- 1 6 -
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T A B L E  4

PRE- AND POST-RUN PHYSICAL EXAM INATION S

PHYSICAL EXAMINATION :
P s t

Hyperetnia retro-pharynx - 5 C u t a n e o u s  h y p e re u n i a ’ecchy uuuo s is - 7
Nasal hypereini a - 4 Lungs c lear - 7
Sub-crep itant diffuse Ecchymosis/h yperemia-abdo lner — 6

basal rales — 3 Ecchyniosis/h ypere nia -clavi le - 5
0cc. wheezing - 3 Ecchymo sis/hypere m ia-nuc al
2° deqree burn behind region -

L ear - 2 Ecc hymosis/h ype remia - legs - 3
Hyperemia R—L T.N. - 2 Ecchymosis/h ypereniia-stern ri - 3
Ecchymosis L abdomen - 1 Ecchym osis/hypere iuia-back -

Coarse breath sour ds - 1 Ecchy mosis / hype renu ia-L f la r i t  - 2
- 

I Hyperemia shoulders Pain nuc al region - 5
(straps) - 1 Pain me sogastrium - 3

Lesseni r i of hyperen~ia retro-
pharynx -

Lesseninq of hypere mia nose - 2
2 d egree burn be hi nd L ear - 2

• Lesse ninr : of hyperenui a R TM - 1
Wheezing L base —

f l i f fuse  sub- rep i tan t  rales  -

base - 1
Uypereini a-ncu se — 1
Hyperemi a- nec k —

VITAL SIGN S:

Blood pressure--standing--avera r,e 135.1/83.4 pre syst olic-- n .s.
- 

-; 130.9/84.2 post  d ias to l i c - -n .s .

• 
sup ine -—average 131.2/79.83 pre systolic- -n.s.

diastolic standing vs diastolic t =  .1 (9O~ ) (pre)
diastolic standing vs dias tolic supine t. = .1 (90 ) (post)

Pulse--pre--7 9.5/’
post-89. l/’ t .005 (99~)

Temper ature --pre-- 98.5
post-99 2° t 005 (99~ )

Respir ation s--p re-- 22.6
post—23.l t = n.s.

— 17 —
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T A B L E  5

EKG CHANGES - PRE-POST RUN
PRE- POST

RATE CHANGES:

85 - 95
70 - 50
87 - 75
70 - 72
58 - 47
56 - 52
49 - 54
53 - 4 3  mean - 69.3 - 64.8
85 - 75 non -significant
80 - 85

PR CHAn GES:

.16- .17

.14— . 16

.14- . 16 mean - .15 - .16

.20- .l8

.l 2- .l4 non-significant

QRS CHAN GES:

.08 - .l0

.l 0- .O8

RT CHANGES:

.28-.30

.32- .3O

AXI S CHANGES :

200~ (~ )2Oc

COMPLEX CHANGES:
PRE- POST PRE-POST

RSR - QRS Fig. 1 - III 1 +T--+T AV 1
Depress ST - flattening of

• nor ST Fig. 1 - III 1 p V1 V6
Fig. 1 - III 3 -p--+p AVf
Fig. 1 - III 1 +p--+p AVf

+1--- Fig. 1 - III 2 ~p--(-)pFi g . 1-I , AV 1
Fig. 1 - 11, AVr +p--+p Fig. 1-11 , AVr

AVf 1 q Fig. 1-I
QRS--qrs Fig. 1-Il , AVr ,

AVf

- 18 -

—.5 — — —-~-‘------- - — - .- - - - - - —.5-- ‘—~~~~-~ 1 .5 -~~~ -.5-- -- ~ - ——-~ ~~~- -.5-- - - -



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

NADC -75195-40

a visual n umeri cal display that was located above and directly behind him , ber rind
him and to his right, and behind him and to his left. A signa1 light indica ted
the beginning of each trial , and the subject moved his head , terminated the dis-
play , and reported its numeri cal val ue . The subject responded by me an-i of u

stick-moun ted trigge r switch . Three trials were used for each display in each
run. Trials were separa ted by a mi nimum of 15 sec.

c. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - To evaluate the adequacy of the helme t~for speech con~nunicati on purposes , audiometri c techniques we re used to measure
the relati ve sound attenuation of the he lmets across the experimenta l conditions.
Center test frequencies of 500, 1K , 2K , and 4K Hz were programmed by a Beke y
audiometer to a gondola-mounted speaker. The frequencies selected approximate d
the mid-range of 4 frequency bands of equal contribution to speech intelligibilit ,.

Subjects responded by means of a stick-mounted trigge r switch. For these
mea suremen ts , the earphones were disconnected from the communications system (wi th
medical monitor over-ride).

d. S~~ed and Pattern of Head Movements - To d e t e r m i n e  the s pc~-d a id patte rn
of the pilot’ s head movements under the va r~l ous he lme t/g condi ti on , movemen ts of
the head and helme t we re recorded an video tape .

e. Stab i l i t y  of VTAS Helmets - To determine the s tab i l i ty  of the VT n~ - II
and VTAS- III helmets , two addi tional runs we re made in wh ich pi lots atten it -ted to
keep a ta rget ligh t aligne d with the ret icle in the VTAS helmets whi le under con-
ditions of 3Gz and buffet (+ .3G @ 10HZ) . Pilots depressed a tri gger switch while
the target was mainta i ned in the reticle , and released the switch when the target
was not maintained.

f. Subjective Eva l uation of Helmets - A de tai led quest ionnaire and in-depth
inte rview was conducte d with each pilot subject in this study . Problem areas
were identified, and pilot ’ s recorrinendations were solicited .

12. Data_ Collection Schedule

p
no helme t

2 APH- 60
3 = HGU-35 / P ( H .P . )
4 HGU- 35/P ~L.P .)
5 VTAS-Il
6 VTAS -III

f

I:

- 1 9 -
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Pilot Number

McCarthy Sarnuels Ange lina Gemmi ll
No. 1 No . 2 No. 3 No . 4

1st day
a. m .  2 4 4 1
p.m. 1 2 3 6

(Run aborte d .
02 connecto r
problem . Re-
run on 2/12)

2nd day
a.m. 3 5 5 2
p.m. 5 6 1 3

3rd day
a.m. 6 (Incomplete) I 2 5

Completed 2/13
p.m. 4 3 6 4

13. Me~~ ca l Sa~~ ty~~~~~~col

Subject Pool

The subjects were four volunt eer jet fighter attack pilots . Each sub-
ject rode the centrifuge twice each day for th ree days with a period of
bout three hours between each ri de .

Fligh t suit
Torso harness
Surv i val ves t
G sui t
Oxygen mask
Helme t
Gloves

* 
.‘ Flight boots

2. Con di ti ons for S opp~~~ Run

a. at subject’s own reques t
b. any medi cal emergency
c. at flight surgeon ’s/fli ght di rector/computer ope rator discretion

3. f -e d ic a l ’In Fli~~ t” Mon i to r in 9

a. There was a closed circu i t TV moni torinq installation , with the
subject ’s face and eyes clear ly visible under .11 tes t conditions.

b. constant two -way voi ce co mmunication.

- 2 0 -
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- ‘1 c. Specific medical mon itoring was included , with a graphic runoff of
same , used on each subject during each run , as follows:

( 1 ) EKG
(2) EMG--trapezius and sternocleido mastoid
(3) Pers piration receptor
(4) Gz
(5) Thermometer (rectal, in helme t , in cockpit)

d. There was a “stop the run ” switch at easy access to the subject

e. Subjective comfort chart post every run.

4. Gene ra l Cons i de rations - Medica l Team Conç~p~
Four hospital  corpsmen , supplemented by other mil i tary personnel , we re

assigned to assist the medical officer. The dispensary , with its ambulance ,
was j tt  an “on ca l l” basis, in the event that an em ergency requiri ng such
services occurred. The mission of the team was to be able to effectively
ma nage all me di cal emer genc i es from oc currenc e th rough s tabilization , and
evacuation to definitive care or hospitalization , without assistance .

A “pre-run ” physical examina tion of the subject was conducted by the
fl i ght surgeon in the designated pri vate area (prep room), with only key
medical personne l present. An immediate screening post-run evaluation was
made at the conclusion of the session after the subject was removed from the
vehicle by fli ght surgeon and two desi gnate d corpsmen. A complete “pos t-
run” physical examination and inte rview were conducted in an uncomplicate d
atmosphere on site in relative pri vacy after the subject was cleared by the
immediate evaluation. Upon completion of the exami nati on , the project
engi neer was granted access to the subject for program debriefing .

5. Subject Se lect ion Cr1 teria

For the purpose of the He lme t Eva luation Project sessions , all subjects
were active duty military jet fighter attack pilots selected on a voluntary
basis from Patuxent Ri ver and NAF Wa rminste r f l ight personne l , and there was
a total of four subjects . These subjects we re found qualified for such duty
on the basis of a thorough flight physical examination within 12 months prior
to participati on . Prefli ght instructi ons established subject fam ilia ri ty with
the centrifuge , the program in genera l , and the possibilities for potential
injury , as well as could be ascerta i ned. Under no circums tances was any
subject exposed to any test condition without his “enlightened” consent. Each
subject si gned a “Volunta ry Consent ” form prior to commence ment of the proj ect.
Each subject was given prior instructi ons of possible hazards of each condi-
tion , safety precautions to be taken , and in the use of all equipment. He

- ‘ 
was also briefed on the progress of the project at each session and an active
participation and interes t on the subject’ s part was encouraged . It was
recognize d that the cri teri a devised in advance could not adequately encompass
all potential medica l anomalies or injuries . However , a list of arbitra ry
cri teria was presented and conside red.

- 21 -
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All subjects were free of a positive history of hyperLen slon ; ca rdiac
abnorniali t ies, disease , and/or arrhythmhls ; th rombocinbol i c phenomena ;
bleedi ng disorde rs , herniations , and surg ic a l  interventions in trunca l
reg ion .

All subjects ~ere evalua ted ind iv idua l l- 1 in the case of the presence
of nasal airway blockage (polyps), obesity , active respira tory - - or other
type -- infection , and recent joint injury , and kidney disease .

No cri teria , as described above , could adequately e n c u~~a-~s u ll poten-
tial medica l anomalies or injuries ; therefore , the ultimate decision i~ each
category res ted with the medi cal officer , with the arbitra ry c r i t e r ia liste d
above serving primarily as a guideline to aid the medical officer in her
decision— niaki ng.

6. Examination

All subjects had a complete physical examination wi th in 12 months pre-
cedi ng part icipat i on in the study . This e xamination was a standa rd f l ight
physical exami nation, and the subjects did not hav e any injuries or illnes-
ses within the time since their passing this examination which would eliminate
him (them) on the basis of the hazardous duty requirements .

The examination included the fol lowing , in addi tion to da ta obtained
• during the clinical evaluation:

a. dental examination
b. uri nalysis
c. CBC
d. EKG - 12 lead
e. chest x-ray — PA and la tera l (L )
f. l unib ral-sacral—thoracic-and cervical spine x-ray s - AP and latera l
g. op thalm ologic examination
h. audiome try
i. complete menta l status examination

Also, as a basel ine , the following blood chemistries , hemograms , and
• uri na l ysis we re obt~ ined en each subject prior to entry into the program

for use the reafter in comparison studies , and we re done befo re and after
each session on ea nn subject :

a. c rea t in i r ’b. bilirubin — tota l
c. pruosph )rrius

1! d. alkali n - pho1phat ase
e. uric a i d
f . cho leste re l

t~ l p~f t n - i r,
h. calc i

j 11 ; (JSe
k. LDH

-2 2 -
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1. SGOT
m. SGPT
n. CPK
o. albumin
p. CBC with differential
q. urinalysis with microscopic

All subjects were free of x-ray and physical examinatio n evidence of
skeletal defects (e.g., moderate to severe scol iosis/kyphosis , spina li if ida
occulta , or early degenerative changes). A review of suspected ce es by the
fli ght surgeon , and/or orthopedic service was done.

Fractures of long bones and/or spine , occurring during a period greater
than 12 months prior to entry into the program (e.g., long bones of extremi-
ties , clav icle, scapula), were reviewed by the medical officer and/or the
orthopedic and radiology services , and certified as wel l healed on thi hasiS
of clinical and radiological criteria (e.g., full return to function . ~1 i’~n-
men t on x-ray , etc.). (See OPNAV Instruction 3750.61-I.)

No subject was considered with a history of flexion/extensio n i n ji~r- ,- , as
defined by manifestations of symptoms of limitation of rang e of motion of the
head and neck and/or localized (to the neck) muscle spasm , but w ith absence
of x-ray findings , with persistence of such signs/sy m ptoms for a period of
greater than 48 hours , within six months before the beg inning of this program.

14. Huma n Fac tors Test Pro9rain

a. At the beginning of the experimenta l program , S was br iefe d on the
performance measures to be taken . In addit ion S read the instruct ions and
the quest ionnaire that he would complete to evaluate each helme t system .

( 1 )  Helme t and Mask Evaluat ion . When you come out of the centri fuge
gondola , you wi l l  be asked to ra te the helme t and imi ask that you have worn .
You w i l l  rate helme t and mask character ist i cs having to do with comfort ,
vision, performance under G , etc . These ratings should be in te rms o~ f leet
use in fighte r and attack aircraf t  and should be based on your experience

* with the helme t and on your knowled ge of fl eet environments and f leet re-
qui reme n ts .

The rating scales are numbered 0 to 100, with low n umbered ratings
being worse and high numbered ratings being better. The points 0 and 100 on
the scale represent extreme values fo r  ac tua l he lme ts to be cons idered  for
fleet use.

- i
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In addi tion to the rat ings of the helme t and mask c har 1j c t er--
is t ics , we w i l l  ask you to rate the re lat iv e  imp or tance  of ean h character-
ist ic.  That is, you w i l l  ra te how large a contribution a hi gh or UvJ rat ine
of a particular character is t ic  would m ake toward your overal l  ratings of the
he lmet and mask.

The sca les used i n ra t i n g  the helmets do not have labels such as
“Excel lent” , “Poor ” , etc . ,  s i  ice more accurate rati rigs can be achieved wi the-at
them . However , after you have completed the regular rati rigs , we w i l l  ask you
to mark on a scale points that represent to you the verbal rat ings:
“Excellent ” , “Goad ” , “Fair ” , “Poor ” , and “Terr ible ” .

After all experimenta l runs and ratings have been completed ,
there w i l l  be an interview in wh ich you will have an opportunity to dis 0 uss
the reasons for some of your individua l ratings .

As preparation for rati ng the importanc e of each of the helme t
and mask characteristics , please read the following rating sheets , which you
w i l l  be using to eval uate the helme t and masks.

• (2) H_e)mnet an~1 M ~~~_Rat i n~ s . These ratings should be in terms of
f leet use in fighte r and attack aircraft , and should be based on your experi-
ence w i t h  the helme t and on your knowledge of f leet environments and re-
quirenients .

• The rating scales are numbered 0 to 100 , with low numbere d ratings
being w orse and high numbered ratings being better. The points 0 and 100 on
the scale represent extreme values for actual helme ts to be considered for
fleet use .

Please indicate your rating by a verti cal ma rk th rough the scale
1 i ne.

Consideri ng times when quick and easy putt ing on and adjus ti ng
of helme t and mask may be desir able , how would you rate

t EASE OF PUTTING ON AND ADJUST U1G HELME T

H I I I i I i  H i i  I

0 10 00 30 40 00 60 70 00 90 100

AOE OF POTL 1 ON AND ADJ USTING MASK

L I i~ .. L.....~ I I I I I I
0 10 21) 30 40 50 60 70 80 90 100
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Consideri ng the requirements for vis ion during each phase of the major mis-
sions , how woul d you rate

RANGE OF VISION: UP

0 10 20 30 40 50 60 70 80 90 100

RAN GE OF VISION : DOWN

I I I
I I J~~ i L i LI 1___ ~~~~~~~0 10 20 30 40 50 60 70 80 90 100

RANGE OF VISION: LATERA L

to ~~~~~~~~~ 50 60 70 80 90 101)

RANGE OF VISION: OVERALL

I~ I I I I I I i I I ~
_ ! ~~- 

~ 0 10 20 30 40 50 60 70 80 90 100

The apparent lightness of a helme t/mask combination is a complex function of
weight and we ight distr ibution . How ligh t does this helme t/ mask combination
feel to you? (Remember , the l ighte r the helmet / mask combination feels , the
larger the numbe r on the rating scale. )

LIGHTNES S

~~~~~~

-25 - 
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During steady sta te or dyna imm ic accelerat ions ,  helmets and /or mna ,H may slip,
reducing v i s ion , breaking mask seal , and/or misa l ign ing the VTAS system when
used. Cons idering both VT A S and non-VTAS helme ts together , how would you
ra te

HELMET STA B i L ITY

I I  I ~ I I  I I ~ t I I
0 10 20 30 40 50 60 70 80 90 100

MASK STABILITY

1.5 I I I  I I 1 ! I I I I I I I I ~~ ..L ..i
• 0 10 20 30 40 50 60 70 80 90 100

Across typical mission conditions , how would you rate this mask for

EASE OF BREATHIN G

0 10 20 30 40 50 60 70 80 90 100

In te rms of communication adequacy , how would you ra te

NOISE ATTENUATION

I I L 1  I I 
[
~ I I I i I 1

0 10 20 30 40 50 60 70 80 90 100

F t

Head movements may be hindered by aircraft accelera tions , hose and wiring
con nections , hi inme t bulk , weight , etc . lire would you rate this helmet for

r.
- 2 6 -
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EASE OF HEAD MOVEMENTS

I i I I ~ I I I ~ I ~ I I I ~
_ I

O 10 20 30 40 50 60 70 80 90 100

If VTAS :

EASE OF HOLDING TARGET

I I I I I I I I ~ 1 1 I I I I I i
O 10 20 30 40 50 60 70 80 90 100

Keeping in mind the large range of operational environments , how would you rate

HELMET THERMAL COMFORT

___ _ _ _  J I 1 I ~~
O 10 20 30 40 50 60 70 80 90 100

Cons ideri ng the pressure points which you may have noted , and considering
missions of normal or longer duration, how would you ra te

HELME T FIT

I~~~~~~ I I 1 L ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ i ~~~~ ~0 10 20 30 40 50 60 70 80 90 100

MASK FIT

—‘ I I I I I
L. I I I Lt ~Lj. I ~L LJ -

0 10 20 30 40 50 60 70 80 90 100
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Giving due consideration to all of the above variables , how would you rate

HELMET: OVERALL

L i  I~ I 1 I i I i I I 1~~ I
0 10 20 30 40 50 60 70 80 90 100

MASK OVERALL

0 10 ~ 

I I I I 
90 100

Prior to wearing any of the helmets , S ra ted the importance of helme t and mask
characterist ics on which the systems woul d be evaluated.

(3) Pre-Run Ra tings of mm tance of Variables. How important is each
of the following variables when evaluati ng helmets? Please indicate your rating

- — by a ve rtical ma rk through the scale line .

EASE OF PUTTING ON AND ADJUSTING HELMET

MORE IMPORTANT —
~~~~“

~ I I I I I I I I I I I l I I I I I f .....I
0 10 20 30 40 50 60 70 80 90 100

EASE OF PUTTI NG ON AND ADJUSTING MAS K

MORE IMPORTANT — -
~~~~‘

It
I t I I I ! ILJ [ L J H II I HJ

0 10 20 30 40 50 60 70 80 90 100

- 28-
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RANGE OF VISION : UP

MORE IMPORTANT -_
~~~~~

I - ] I I I - - I L -

O 10 20 30 40 50 Eu 70 80 50 100

RAN GE OF VIS ION - DOWN

MORE IMP OR TANT —~~~~~~

I L i-- I ~~~~~~~~~~~~~ I b I - J
0 10 20 30 40 50 60 70 1) 90 100

RANGE (iF VISION:  LATERAL

MORE INJ’ORTANT - - ;
~~~~

I .~~~~ liLi H ~~~~~~~~ I0 10 20 30 40 ~u 60 71 60 90 1 01)

RANGE OF VI SION . OVERALL

-
~~ MORE IMPORIANI • -j~-

Li ~~J I iLd i I~~~t~~ L J ~~~~ J
0 10 20 30 40 50 60 70 60 90 100

• LIGHTNESS

MORE IMPORTANT —~~~~~

I ~~~~~~~~~~~~~ JO 100
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HELME T STABILITY

MORE IMPORTANT —_
~~~~~

O 10 20 30 40 50 60 70 80 90 100

MASK STABILITY

MORE IMPORTANT ....5
~

I t I I I I L I I I I , I H I I I ± I I
O 10 20 30 40 50 60 70 80 90 100

EASE OF BREATH iNG

MORE IMPORTANT

t , I ~~ l~~ I , I I~~ I , I i I i I i I
O 10 20 30 40 50 60 70 80 90 100

NOISE ATTENUATION

MORE IMPORTANT 2

L ~ L’ ~
EASE OF HEAD MOVEMENT S

MORE IMPORTANT

1 1 1 1 1  I~ I , I , I i I i I t I i  I
0 10 20 30 40 50 60 70 80 90 100
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If VTA S:
EASE OF HOLDIN G TARGET

MORE IMPORTANT —~~

LI 
~±~~O ~~~~~ 

~~ L’ ~L
HELMET THERMA L COMFORT

MORE IMPORTANT —~~

-

‘ 
L~ 

~o ’ lo ~o !~ ‘ lo ’ !o ~~T~~0

HELMET FIT

MORE IMPORTANT —
~~~~~ ‘

L ‘ -
~~

MASK FIT

MORE IMPORTANT —
~~~~~

1. I
~~~~~~ 

I I i  I ~~~~~l i  I ~~....[ _ i I I
0 10 20 30 40 50 60 70 80 90 100

b. Perfo rmance was measured for s ix  helme t condi tions: APH-6 with
A- 1 3A oxygen mask, HGU- 35/P with hi gh prassure mask , HGU-35/P with low

r. 
pressure mask , VTAS I1 with i4-13,4 oxygen mask , VThS-Ill w it h low p ressure
oxygen mask , and no he lmet. S participate d in six sessions, one helme t
condition per session. The order of helmet conditions was randomized for
each S. During the hour prior to each session , S wore the helme t to be

- 3 1 -
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evalua ted for that session . The purpose of the extended wearin g ti m e w as
to enable S to evaluate helme t comfort; also , during this tim e peri i:ie t ry
measurements were taken. S’s range of visual field on a sphere cen tered
about the nasion was measured for each helme t condition along the horizon-
tal , vertical, and 45° inclined arcs .

c. Each da ta session consisted of two measures of perfor iriance : head
mobility and sound attenuation , under two environments : lGz and 3Gz
plateaus . The orde r of the perfonnance tasks under the two G env i ronments
was randomize d and replicated. Thus , each data session consisted of ei g h t
da ta runs.

(1) To measure head mobility a di git identi fication task was used.
Dig its presented by light-emitting diodes were located in th ree positions :
overhead at a 730 ang le of eleva tion in the mid-sagit tal  plane from the
design eye point , and behind 5, up to the left and right, laterally displace d
34° from the mi d-sagi tta l plane and at a 330 angle of elevati on from the de-
sign eye point. At the start of a head mobility trial , S~was instructed to
watch a hori zonta l display of lights located di rectly in fron t of him. Each
light corresponde d to one of the three digit positions . At the onset of a
light, S was required to move his head as quickly as possible and identi fy
the dig it at the specified location . When S had identi fied the numeral , S
responded by depressing the tri gger switch which terminated the displa y .
S then reported what numera l he had read. Time from the onset of a light
to S’s switch response was recorded For each tria l . Nine trials , th ree at
each display position , comprised each head mobility data run . Each trial
was separated by 15 seconds , and the order of n umerals presented and their
loca ti on was randomized for each run . Due to the likelihood of motion sick-
ness , S’s were requi red to identi fy digits in the overhead location only
under 3G, although the li ghts for left and right dig its we re still presented
to maintain the discrimination reaction task unde r 3G.

(2) To eva l uate the relative sound attenua ti on of the helmets ,
audiograms were taken. Four samples of band limi ted white noise wi th geo-
metri c mean fre q uencies approximating 500, 1K , 2K, and 4K Hz we re presente d
to S through a gondola mounte d speaker. The frequencies selected approxi-
mate the mid-ra nge of four frequency bands of equal contribution to speech
intell i gibility . For each audiometric data run , each frequency band was
presented to S for a 30 sec interval in wh i ch S bracketed the signal at
threshold.

(3) During VTAS 11 and VTAS III helme t sessions , two additional
runs were ma de. These runs combined both 3G~ and buffet (±.3G @ 10 Hz) .
During a 3 minute period, S was instructe d to kee p a target within the VTAS
reticle. S responded by pressing a trigge r switch when the target was with in
the reticle and releasing the switch whe n the target was outs i de the reticle.
Ciinulati ve subjective esti ma tes of time on target we re recorded .

(4) During all data sessions , electromyographic (EMG ) activi ty from
the trapezi us and sternocleidomastoi d muscles was recorded to determine the
muscular tension associated with wearing each helme t system . Following each
data sess i on , S complete d the questionnaire rating the characteristics of
the helme t system worn . Also , S was given the opportun i ty to give reason s
for h is ratings .

- 32 -
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d. At the conclusion of the da ta sessions , S again ra te d the importance
- of each helme t/mask characteristic.

(1)  
~~~~~~

p__ . Var iables . Conside ring your
overall  rati ngs of the helme ts , what was the relati ve importance of each of
the following variables in determining those ratings? Please indicate your
rati ng by a vertica l ma rk through the scale line .

EASE OF PUTTIN G ON AND ADJUSTING HELMET

MORE IMPORTANT —
~~~~~~

L1 I H H I LJ~~I Hil_1~~~~~ O lU 20 30 40 50 60 70 80 90 100

• EAST OF PUTTING ON AND ADJ USTING MASK

MORE IMPORTANT —p.

I I

RANGE OF VISION : UP

MORE IMPORTANT —~~~~~

L . _ ~__ _ I I i i I I I I I I I I I I I I I I

O 10 20 30 40 50 60 70 80 90 100

RANGE OF VISI ON : DOWN

MORE IMPORTANT —.>

Li L I 1 I i IL A H I I !~~~~~~~~~ I I ! I I

O 10 20 30 40 50 60 70 80 90 100
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RANGE OF VI SION : LATERAL

MORE IMPORTANT >

U L ~
RANGE OF VIS ION : OVERALL

MORE IMPORTANT —
~~~~~

I~~ I I i i  I i i  i l i  I i I i l  I~ j
O 10 20 30 40 50 60 70 80 90 100

LIGH TNESS

MORE IMPORTANT )
~

LI I I I I I I I I I I
O 10 20 30 40 50 60 70 80 90 100

HELMET STABILITY

MORE IMPORTANT —~~~~~
.

Lj J H I I I I i  i i i  I ~
j

O 10 20 30 40 50 60 70 80 90 100

MASK STABILITY

MORE IMPORTANT >

O 10 20 30 40 50 60 70 80 90 100
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EASE OF BREATH ING

MORE IMPORTANT >

O 10 20 30 40 50 60 70 80 90 100

I’IOISE ATTENUATION

MORE IMPORTANT —>

H H IL 1H I I~~~~~~~~I H 1
- 

0 10 20 30 40 50 60 70 80 90 100

EASE OF HEAD MOVEMENTS

MORE IMPORTANT —.
~~~~ ‘

O } O 2O 3O 4O SO~~~~~~~~~7’O ’
~~ O ’ 9H JL ~

If VTAS : EASE OF HOLDIN G TARGET

MORE IMPORTANT —~~

L.. ..J.. I~~0 10 20 30 40 50 60 70 80 90 100

HELME T ThERMAL COMFORT

MORE IMPORTANT —
~~~~

l~~~~~~~ 1 I 1 Ii , I I 1 I 1 1 , t 1 I

0 10 20 30 40 50 60 70 80 90 100

- 35 .5

.—‘r —_~~i_ — —‘ - .~~~-~~~
—

~
--- -- 

••-•--— ~~~~~ ~~~ -—



.5—- - - - —— . 5—- — -

NADC -75 195-40

t

HELMET FIT

MORE IMPORTANT —
~~~~~

-

~ 1 L I I I ~ I I
0 10 20 30 40 50 60 70 80 90 100

MASK FIT

MORE IMPORTANT —~~

L i  I t I  i I I I i II I t I i I ~~ I
0 10 20 30 40 50 60 70 80 90 100

Considering the ratings that you have now completed , on the fol lowing scales
mark points that represent to you the verbal ratings:

— EXCELLENT

I i  I i~~i I I I I I I I I i I
0 10 20 30 40 50 60 70 80 90 100

H GOOD

~~~ ~_ I I I j I I I I I I I i I I
- 0 10 20 30 40 50 60 70 80 90 100

- - FAIR

H I  ii I I~ H
0 10 20 30 40 50 60 70 80 90 100
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POOR

I..... I~~~ I I I I I I t I I
0 10 20 30 40 50 60 70 80 90 100

TERRIBLE

I I I I I I I I I
0 10 20 30 40 50 60 70 80 90 100

r
Considering your overall ratings of the helme ts, indi cate a point that
represents to you the dividing line between “Unacce p table for Fleet Use ”!
“Acceptable for Fleet Use ” .

~~~±_ I LJ_: LiJ~ Li J L ~ ~ L_H

Also , S assigned numeri cal ra ti ngs to the verbal descri p tors : “ Excel len t” ,
“Good” , “Fair ” , “Poor ” , “Terrible ” , and “Acceptab le for Fleet Use ” .

e . In an in- depth interview con d uc te d af ter the f inal da ta collec ti on
• session , S commented on those characteri stics that he had rated as being

very important and that he had also given an extremely high or low rating
for a given helme t system. In addition , S ranked the helme t and masks as
systems and the helments and masks sepa rately. The interview concluded
w i th a discussion of tra deoffs i n evalu a ti ng sys tems and proposals for
the i deal helme t/mask system .

.
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-~~ T E S T  R E S U L T S

PHYSIOLOGICAL

The results presented in this section are strictl y medical/physiological
in nature and are merely responses shown by the test subjects to the stresses
to which they were exposed . Although as much as possible was done to assure
that all subjects would be exposed to the test profi les in an identical ma n-
ner , personal variations amonq the subjects, particularl y afte r hours , may
introduce artifacts into the results . Therefore , one shoul d hes itate before
ut ilizing these results to buttress an argument in favor of or in opposition
to a particu lar helmet.

These results represent preliminary findings concerninc i two types of data :
Biochemical analyses on blood , drawn prior to and just after each centrifuge
session , and straight physiological da ta , i n this i ns tance hear t ra tes and
intrahelmet and recta l temperatures . Since the biochemical data is, by far ,
the easier to analyze and report on , it will be covered fi rst.

- 

. • Th is report will be devoted to reportin cm the changes seen in the pre- and
post—runs without trying to interpret them at this time . The only reall y sia-
nificant biochemica l changes noted over the entire subject population were
significant increases in tota l p rote i n and globulin frac ti on of the total pro-
tein in the blood , an d a significant decrease in the serum glutamic-pyruvic
transam inase l evel in the blood. However, look i ng at each su bjec t, one by
one , it was noted that Subject I had an increase in the globulin fraction of
his circu lating total protein concentration , and Subject II had a signif icant
decrease in inorganic phosphate content without an accompanying increase in
calc ium concentration. Also , Subjec t IV had an inc rease i n his total pro te i n
concen tration as well as a significant dro p in serum cholestero l l evel . One
interesting sidelight in the biochemica l results is the non -sig nificant
changes seen in the serum enzymes which were expected to show drastic sh i fts ,
especial ly in c reatine-phosphokinase.

The hema tological specimens also showed some s ig nifi cant c hanges wh i c h
are unex plainable at this time . Look i ng at the entire subject population , a

• very large increase in the pre- vs post-test white blood cell count was seen ,
coupled with a signif icant increase in polymorphonuc lear leucocytes (polys )
and a significant decrease in lymphocytes ( lymphs). Taking each subject one-
by—one , Subject II showed a significant increase in pol ys with a decrease in
l yrnphs . Subject III had a significant increase in white blood cells , but no

- -  significant changes in the numbers of any given type of white cell . Subject
IV s howed a significant increase in white cel ls,  with a decrease in monocytes ,
but no chan ge i n polys or lymphs. He also s howe d a s ig ni f i can t decrease in
the specific gravity of his urine, mea ni ng it became more di lute in the pos t
sarmples . Sub ject IV was the only one showing any urinalysis chanaes of any
significance.

The data on heart rates was very difficult to compile and analyze. Raw
data was collec ted for six distinct time frames in each profile. F ig ure 6
shows the Gz - Time relationship for a typical profile , as wel l as the s i x
center points of the collection time frames. The actua l ECG signals were

- 38- 

- — •--- ~--.5-•- - —.5 ---—--.5—-—-- .5- —.5



r -. — - - - - —-_ -- -—_-

~~~

- . - 

NADC-75195-40

T A B L E  6

PAIRED- t ANALYSIS OF HEART RATE VS Ga
_TIME PROFILE BETWEEN HELMETS

I II III IV V V I

No Helme t APH-6D HGU-35/P HGU-35/P VTAS II VTAS III

Pre-Run

I - — —  2.44* 4.21** 3.15* 2.60* 1.93
II --- --- 2.27 2.18 0.95 0.33

III --- --- --- 1.19 1.84 2.74*
IV - - -  ---  -- -  - - -  4.52 ** 4. l6**
V -- -  ---  ---  ---  --- 0.95

I -- -  1.29 2 .44 * 1.98 1.56 1.28
II - - -  - - -  2.18 2.01 0.83 .. 0.15

III - - -  - - -  - - -  0.75 9.33 2.35*
IV - - -  -- -  - --  --- 3.23** 1.92
V ---  - - -  - --  -- -  --- 0.61

Val ley
I - --  1.53 1.90 1.72 1.45 2 .94*
II -— -  -- -  1.53 1.48 0.62 0.31
III — - -  -— -  - --  0.23 1.94 0.60
IV — - -  --- --- ---  1.55 0.75

V - --  -- -  - - -  - . 5-  - - -  0.01

I - - -  1.90 2.33 1.96 2.07 1.99
II --- --— 2.29 1.79 1.37 0.75

• I I I  - -—  --- --- 0.27 2.06 1.16
IV - - -  --- -— -  --- 1.66 0.89
V ---  --- -— -  --- --- 1.20

Plateau
I -- -  2.01 2.82 2.25 1.33 1.50
II ---  3.06* 1.94 1.02~ , 0.14

III - -—  -- -  - - -  0.70 7.17 ’ 3 94**
IV --- --- --- --- 3.2O** 2.57*
V ---  - --  -- -  --- --- 0.39

* -t = 0.050
** -t = 0.025
~ -t = 0.010

M -t = 0.005
- 3 9 -
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T A B L E  7

PAIRED-t ANALYSI S OF HEART RATE VS G
~
_TIME PROFILE WITHIN HELMETS

Pre 6 G Valley 4 G Plateau Post
(1) (2) (3) (4) (5) (6)

No Helme t
Pre-Run 8.25~~ 3 53** 4.54 3.40** 2.91*
6 G - --  - --  0.70 0.15 4 39** ~, 1f) ’ - ’
Valley --- --- --- 0.99 2.03* 3.12*
4 G ---  ---  ---  --- 4.74 - 5.44
Plateau -- -  -- -  - --  - - -  ---  3.28**
Pos t - - -  - - -  - - -  - - -  - - -

APH- 6D

Pre-Run 4.20** 6 . l4~~ 2.43 * 0.16
6 G - - -  2 .38* 3.24** 9.6 8 - -- ’- 14 .7W ’-
Valley - --  - --  - --  1.15 2.36 * 3~43**
4 G ---  - - -  ---  -- -  5.73-~- - 6 .O2 - ’-~Plateau -- -  -- -  - - -  - - -  2.80*
Pos t ---  -- -  -- -  -- -  - --

HGU- 35/P (LP)
Pre- Run --- 22.29’ ’ 7.42 9.65 1.26 1.00 .
6 G -- - 4.06** 1.60 8~85M 16.39 1
Valley --- --- --- 0.55 4.82-~- ’ 16.65 .,
4 G -- -  ---  -- -  - --  5.38~ 14.88’
Plateau — - -  - - -  -- -  -- -  -— -  1.80
Pos t - --  - --  - --  - --  - --

HGU- 35/P (HP)

Pre— Run - --  l4.99~~ 3.41** 8.87’” 3.10* 5.23~6 G ---  - - -  1.66 2.41* 5.32- - 12.16 -
Valley --- --— --- 0.79 1.33 

- 
2.68*

4 G - — —  — — -  - — -  — — -  10.02- 7.27
Plateau ---  ---  - - -  - --  --- 2.07
Pos t - --  -- -  - - -  - - -  - --

.1 * -t = 0.050
** ..t OO 25

~~- t = O . O l O
r M -t = 0.005

r
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— T A B L E 7 (C o n t ‘ d)

PAIRED- t ANALYSIS OF HEART RATE VS GZ~TIME PROFILE WITHIN HELMETS

Pre 6 G Val le y 4 G Pla teau Pos t
(1) (2) (3) (4) (5) (6)

VTAS-II

• Pre-Run - --  l 5.31’
~ 7.33~

’ 6.84~~ 6•42~
’ ; 2.09.,

6 G - --  2.72* 2.87* 6.18’ 6.96
Val le y - --  - - -  - --  0.71 1. 23 3.38**
4 G ---  - --  --- 2.96* 5.43 -
Pla teau --- - --  - --  - --  - - -  5.88~~
Post --- - --  -- -  ---  ---

VTAS-II I

• Pre-Run --- lO.56~ 2.15 4.40** 4.l2** 3.62**
6 G --- --- 1.84 3.76** 2.04 ll 49~”
Valley --- -- -  --- 0.41 0.98 1. 99
Plateau -- - - - -  - - -  --- 3.92**
Pos t - - -  - - -  - --  - - -  - - -

* -t = 0.050
** -t =

~ -t = 0.010
~ 

-t = 0.005

I--
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T A B L E  8

ANALYSIS OF INTRAHELMET TEMPERATURES

No Helmet APH-6D HGU-35/P HGU-35/P VTAS II VTAS III

THe 1

II - — —  ---  1.14 1.26 0.41 1.60

III - --  --- --- 0.63 1.17 0.57

IV - - -  - - -  ---  - - -  0.60 0.28

V - --  ---  -- -  - - -  - - -  0.32

V I - --  - . 5-  -- . 5  - . 5-  . 5- -  -- . 5

TRec

I - --  2.69* 2.08 3.65** 3.04 1.25

II - - —  - --  0.53 0.49 1.54 1.42

III ---  --- --- 0.61 0.10 2.28

IV --- - - -  --- - - -  0.45

V --- - - -  -- -  - - -  ---  0 .77

VI - --  ---  - --  - - -  - . 5-

* -t = 0.050
** -t = 0.025
~~-t = O. O l O

M -t = 0.005

4.
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manually counted over 10 second time intervals , uti l iz i r i c~ “X ci’ points on the
figure as the center point. In this way, it was possible to cover e’- -os ’ ti - ill y
all of the major areas of the profile where heart rate changes could i- ~ o~;’rcted .
Following the actual compilatio n of this raw data , it was subjected to th e Stan-
dard Paired-t Test , but only results considered signific an t at the 9h. level or
greater were considered to be truly significant for pu rp o~e’ of this )roject.
Tables 6 and 7 show the results of the twe types  of compari son s that wee’- made
on the data. Comparin g the heart rates as a function o r  - -E-gw ~-n t w ithin tnt ’ pro-
f i le, there are si gnificant differences between the 6 G pea k oeti ods , the plateau
periods , and the post -prof i le  periods , depending on which helmet was being tested .
The most significa n t changes always s eni ; to occur when con ipa t inq  the HGIJ-35 /V Low
and H i gh Pressure helmets with the VTAS II and l IT helmets. in all cases , t in-
VTAS helmets showed the higher heart ra tes . These values could i c ’  due to
number of factors, but hypothesizi ne , es sentially every s u b j e c t  C ( ! - i i O i r V i  t n t
the helmet wanted to rotate under G , indicating poor center of q r a v i t - ~ t-las -’n - - ’i t.
This could be a highly significant factor in the heart rate Jif fe ro - es since the
men would have been forced to work harder in order to just iai nt a i r teCi ~ bea -~
in an upright position under G. The theory was initially co n s i~1et- o - l  tha t the
weight of the helmets could account tor the heart rate di f f - r t - r o es , tnd it hd

• account for some of the difference , hut the heart rate changes while th e subje ts
wore the APH-6 do not bear out this t heory . The heart rate’; are increased w h ile
wearing the APH-6, but not nearly t o  the c>~tent that it increases wit h the VTAS ’ s.
The center of gr avit y theory would also fit the increased heart rate - - dur in q the
plateau. Although the Gz level was not p a ’-t ic ol ar l v high , the time onder 1~~ was
very long and continuous effort had to be made to mai nta i n  the head-u p position.
Although the subjects were undergoing performance tasks during the plateau. the
heart rates , while wearirt i the other helm ets do not cho~-,’ the s i g n i f i can t  changes
that are observed while wearing the VTAS II and III.

Comp aring helmets during the pre-exposure condition , the no helmet condition
was signif icantly different from nearly all the other helmeted condit ions , as
would be expected . Howeve , the no helmet condition showed higher heart rates
than the helmeted condit ions. No def inite reason can be given for this , but
possibly there was a psycholog i cal element involved having to do with riding the
centrifuge without the norma l head protections. There was , however , still a
significant heart rate difference between the HGU-35 helmets and the .‘TAS helmets
even under the static condition , with the VTAS conditions so ow ing the riigher
heart rates. Unfortunately, no explanation can be given for this occurren rc- . As
a c - ’  i -’ t i ’ -  data , the heart rates were compared “within helmets ” . All tests
on e -

~~ ‘ i I r q  a qi yen he’met were compared with themselves , taking al l cwhi nations
C of ii I- 0’ i no t il e s ;  e.g., using the APH—6 , comparison s were made as follows:

p m -  ~s - -~~~ . ore- vs ~dlley , pre— vs 4 G peak , or’ - - vs plateau , pro- vs
t , ~ , - ‘ i  v valley , etc . In this way , it could be determined ahether the

C ( ineI~~r Y i i i  varied during a given experimental profile as it was e~-
‘1 A Y e -  C i  ~1 P j j  rn-d - - t An a lys is  was made of the heart - a t e  data and

- 1 - .- a l l  si ini i~~i ,  nt , did occur throughout the pro f i les . This analys is
11 ~es ni- n al i r f  n -  - -~~~ ~on nb - at why the heart rates changed wh i ~ t- wearing any par—

i c 11e ’ - ‘-‘ - 1 ~- t , t ) ; A ~ it in~- - - h~-j that changes did take place duri ni i the profiles
.~
n i~~~ ’ i c’  I mere c’ - - - ‘ ce to the previous ana l ys is  “ between helme t a ‘ 

, liv showing
- t~ i i~ l i t  ‘ -

~~ n ,~ -s rni ; o r tvl then - i- were the result of actual heart rate changes -

ii , r  ‘‘ 1  ‘ ‘ - ; , n ) t  i li-s -mel i-n t on  i f i o t s .
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In addition to the analyses on heart rates , the data concer ning intra-
helme t and rectal temperatures were studied and analyzed. Table 8 gives the
results of the analysis of these parameters . The analysis of the intraheln iet
temperature gave no useful information. Although there were definite tempera-
ture chan ges over ti me, none of them were sign ificant enough to conside r
important. However , in several of the tests , the rectal temperatures did vary
significantly but this information was of little value in analyzing the per-
forniance of the helmets. it does show that the subjective statements that the
test subjects made in the past , that they “felt hot” , do indeed have some
basis in fact. Rectal temperature should be included in all future studies
where full flight gear and long time periods in the gondola are invo l ved , in
order to verify or dispute this observation.

MEDI CAL

The pre-run questionnaire (table 1) showed that the subjects were basi-
call y well , except for a few minor complai n ts. The number of hours slept
before the runs ranged from six to eight hours , with an average of 6.8 hrs ,
the subjects feeling most completely rested after a ‘ restful sleep. The
last food intake usually was breakfast or lunch with an average time since
the last meal of 3.6 hours. The majority of subjects were not on med ications,
only mild pain rel ievers being taken the night before the rur- on two occasions ,
and one subject was on chronic tetracycline therapy for acne.  Ethanol intake
the night before the session was indulged in by only 36~ of the subjects , and
could be considered minor. Physical condition was gauged to be between good
and excel l ent , with exercise every three to seven days. There were no chronic
complaints except for one case each probable ethano l gastritis and hemorrhoids.

Before the ride , the subjecLs felt basicall y “fine ” and interested in the
program. Upon completing the ride, the comments varied widely, but seemed to
center on approval of the ‘ ride ” , and the aims of the program. The general
post-run coinnients centered on being tired/fatigued, having suffered grayout ,
the problems with the adhesive tape on the biosensors , the discom fort caused
by the over infl ation of the G suit , dizziness , thirst , relaxed and ‘ shaky ”
feelings. The rest of the variety of responses on physiological effects , as
well as res ponses a bout the helme ts themselves , can be found in table 2. The
APH-6 and the HGU-35/P helmets , in retrospect , seemed to be the most unaccept-
ab le , by far.

Immediately post-run , the subjects niostly complaine d of dizzin ess , fatigue ,
abdominal discomfort, and neck pain /stiffness (table 3). At the 24 ,r post -
run level , these comments centered pri m ari ly on fa-tigue and neck eu - d o fatigue.

The pre-run phya ical  exami nat ion ( tabl e 4) demonst ra tea some i ns tances  of
retropharygeal hyperennia and nasal hvperern ia , which showed an improvement in
about half  the s ubject s at the post -run exami nat ion . The pul n io r i r - - s y cj ; t o m s ,
such as wheezing and rales , general ly disappeared after the G e�~~e r ie n ce  although
two subjects acquired these sign s in the post -run period . The post -run period
primarily deninonstra ted cutaneous hyperemia and ecchymosis f rom the G experience
and some nucal and niesogastric pain. Two subjects suffered second degree retro-
auricular burns from the use of an inappropriat a electrical system in the cutane-
ous micrcphone system.
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The blood pressure showed no s ign i f i can t  change p r - - post rca , nei t her
supine nor upC’l qht . However,  the d ias to l i c  v a l ues  p ie -p os t t ’ U !  , ,,d~~ii c o in—
pared in the standing and supine position , were sign il ic i- i-t to th~ Ii.l

level. The change in the pulse rate from an average of 79.5 (pro ) to 0-5 .1
(post) was significant to the 0.005 level , as in the temperature cha ree
(98.5-99.2). There was no significant change in respiratory rates .

The pre—post run EKG changes can be seen in table 5, the significant
change being the “T” changes in III , usually going from a (±)  c o n f i o u r a t i o n
to a more biphas ic or negative confi guration . Minor “ p ’ changes were a lso
noted. One subject demonstrated a change in the loc ation of the AV pac ’na kir iq
node (stimulus location), before G exposure , and another showed a def inite
loss of voltage in II , AVr , and AVf , post G exposure . Fol low-ups are being
done on both of these patients.

HUMAN FACTORS

a. Friedman analyses of variance of ranks were used to anal yze the data
unless stated otherwise. S’ s range of visual field was not restrict ed h~ a n y
cf the helmets along the horizontal arc. Along the 45° inclined arcs the range
of visual field was greatest for the no-helmet condition (p< .O5); rio differen-
tial effect among the helmets was found , however. Range of vision along the
vertical arcs varied significantly with helmet condition (p< .Ol ). Again , the
no-helmet condition offered the least restriction ; the VTAS III and PPH-f-
were the most restrictive.

b. The time scores for the digit identification task under lGz were sub-
jected to an analysis of varia nce. Although helmet conditions had no statis-
tically significant effect on the data , a weak trend was observed , t ie sm allest
mean time occurred under the no-helmet condition , the largest under the APH-6
helmet condition . Location of digits did affect time scores (p— .01); di g its
in the overhead position were identified in the shortest time . Although helmet 

—

conditions also had no statistically si gnificant effect on digit id nti fi cation
times under 3G , mean time for the APH-6 helmet condition w a— the largest.

c. Analysis of the audiom etric data revealed that the relative intensit y
of the signal at threshold varied wi th helmet condit ion under lGz (p< .O l )  and
under 3Gz (p< .O5). Under both G conditions , the mean threshold was l owest for
the no-helmet condit ion . The APH -6 helmet offered the least sound attenuation
under both G conditions; under the lGz condition the mean threshold was com-
parable to the no-helmet condition. The HGU-35P hi gh pressure and VIAS II
offered the best sound at tenuat ion.

d. A correlated t-test showed cumulative time on target  was greater for
the VTAS II helmet than for the VTAS III helmet (p< .Ol ), although most of the
difference can he attributed to data from a single subject who did very poorly
while wearing the VTAS Ill helmet.

e. Rela t ive  EMG data , recorded from the trapezius during aud io rn etric
testing showed no effect due to helmet condition . Although st ati stical sin-
nificance was not attained , lean ] EMG data across G condit ions showed the least
muscle activity under the no-helmet condition and the mos t w ith the APH-6
helm et.

- 47 -
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A summary ot the data trom the questi onnal rue Is ~ ‘~eo r lt e d  i r; tacle 9.

S’s ratings of helmet systems on each variable were analyzed to deter-
mine if the ratings on any variable differentiated the helmet systems . The
variables on which helmet. systems significantly differed are also indicated
in table 9.

~1eighted ratings for the helme t systems on each variable were obtained
by multi plying the mean rating given by Ss by the mean impot -ta nl ce of that
var iable.  The-se weighted ratings did ref lect differences a ior-g the helmet
systems (p< .O1). The mean of the weighted ratings indicated the helmet
s stems ranked from the bes t to the worst were : (1) HGU-35P low pressure ,

2 VTAS III , (3) HGU-35P high pressure , (4) VTAS II , and (~~) APH-6.

Although the overall ratings of the helmets did not diffe rentiate among
the helmets , the trend of the means indicated the helmets from best to worst
were : (1) HGU-35P high pressure , (2) HGU-35P low pressure , (3) VTAS IT T ,

• (4) APH- 6, and (5) VTAS II. The overall ratings of the masks did distin-
• guish the masks (p< .05), the low pressure mask was superior to both the hi gh

pressure and A- 1 3A flask.

Or, the basis of S’ s cri teria of acceptability for fleet use and their
overall ratings foe the helmets and masks, a majority of Ss considered only
the HGU-35P high pressure and VTAS III helmets , and the low pressure mask
acceptable for fleet use.

Ss ’ comments from the interviews were comp iled and any mentioned de-
ficiency of the systems has been presented in the following summary of helmet
and mas k p rob lems :

SUMMARY OF INTERVIEWS : HELMET AND MASK PROBLEMS

1One S reports.
2Two Ss report. P
3lhree Ss report.t
~Four ~s report .

HELMET SYSTEM : APH-6

EASE OF PUTTING ON AND ADJUST ING HELMET

Helme t fit is difficult to adjust .2
Centerinq helnìet , aliq n inq earcups, and matching pads with earcups are difficult. 1

EASE OF PUTTING ON AND ADJUSTING MASK

Suspension syster is deficient . 3
Grooves are ;paerd too far apart for small adjus tments . 1
Mask is not alig ned with helmet; thus mask rotates upward against nose. 1
Side f it t ing.  are d i f f icu lt  to seat .1
Mask cannot be adjusted for a good seal. 3
Mask does not n i -a l across cheeks. 1

- 48 -
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RANGE OF VISION : UP

Bridge of heln et is visible. 3
Helmet rotates forward into view .3

RANGE OF VISION : DOWN

Mask/hose system is in view .3
Instruments are hidden from view during catapult shot .2

RAN GE OF VI S ION : LATERAL

Edge of helmet is visible . 3

LIGHTNESS

Helmet/mask system is heavy.
Mask is too heavy ; CG is at forward edge of visor due to we igh t distribution. 1
All weight is centered on crown of head; weight seems to increase not iceabl y
wi th ti i~ie.~

HELMET STABILITY

Helmet shifts forward .3
Helmet shifts when head is moved backward .1

• Helme t shifts laterally .2
Helme t shifts whenever resistance is applied. 1

- 
. Hel met shifts because he liie t rests on one point , the crown of the head. 1

Helmet stability with comfort is irnpossib le .~

MASK STABILITY

Mask pulls down under G. ’~Shift ing is due to wei ght of mask)
r ~• Communications is d i f f icul t . 1

Mask rides up when head is moved downward .1

EASE OF BREATHING

- Mask cannot be adjuste~i for a good seal .

Air seal is broken under G. 2
Broken seal interferes with communications . 1

- 
. Good seal with comfort is impossible to obta in. 2

Exhalation is heavi .2

4 
Too much ambient noise is present in breathin g . ’

NOI SE ATTENUATION

Hearing is difficult; sound level is noicy )

- 4 9 -
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EA SE OF HEAD MOVEMENTS

Helmet shifts .3
Weight restricts movement under G.2
Oxygen hose restricts upward movement.2
I-lead must leave headrest for upwa rd movements. 1
Oxygen hose restric ts downward niovement. 2
Mask and hose are too stiff and press agains t chest . 1
ICS hook-up restricts lateral movements .3
Coriinunica tion cord gets caught in equi pment. 2
Forward movements are restricted. 1

HELMET THERMAL COMFORT

Helmet is warm .3
Warmth is due to effort to hold head up. 1
Sweat comes down over face.

HELMET FIT

Helmet causes pressure points. 3
• All wei ght is centered on crown of head because fore/aft pads are not ti ght. 1

Edges of earcup pres - on ear; earcups are too smal l . 1
Helnie t presses against back of head. ’
Helme t presses across forehead.
Comfort with stability is impossible.
Edgeroll on nape of neck comes off. 1

S Pads cannot accommodate all head shapes and sizes , and requi re ex tens i ve
refitting due to deterioration. 1

MASK FIT

Mask causes pressure points .3
Mask presses on bridge of nose. 3
Mi ke p ress es on tee th , lips and chin. 3
Rubber strap is uncomfortable .2
Strap interferes with communications under G.~Strap presses at bottom of nose. 1

• Hard cup presses under chin and makes swal lowing, chewing and clearing
ears difficult. ’
Mask is too ta lk y . 2
Good sea l that is comfortable is impossible to obtain. 2

HEU4ET SYSTEM : HGU- 35P (HP)

EASE OF PUTTING ON AND ADJUST ING HELMET

No adverse comments were given .

1*. 
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EASE OF PUTTING ON AND ADJUSTIN G MASK

Mask is difficult to adjust. ’n
Male/female connection demands exact fittin g . 2
In—flight adjustment is im possible. 2
Left side locking is indefinite; left side does riot click” when i r place .1
Mask sits on an angle .L
Holding clips d~’C too high on helmet. 1
Mask cannot be sealed. 1

RANGE OF VISION : UP

Helmet rotates forward into view when coil of hose at Lack stops upw~rd
movement of head. ’

RAN GE 01- VISION : DOWN

Mask is too bulky .1
• Mask raises cheek hei ght .

Instruments are hidden frOl - V iew dcu’in Catapult shot. 1

RANGE OF ~ItI0N : LATERAL

Ends of straps O n e  in vi e-.-;. 2
- • Visor tracks dad s i - -fe :- of h -lee r -ir - in view . ~

11 GH1 NESS

Mask/hose assembly is heavy .2

dELMF1 ~1ARI L1Ti

Helmet shift .s forward and rotat ionally when coil of hose stop- 5 movement of head .1

MASh - TAB I LI1Y

Mask slips down due to improper fit. 2
Mask sits on an angle. 1

E-SSI (~[ BREA 1 11

Respir a ’ ion is no isy .~Hissine noise is pros e-nt .’
Hissing interferes with connmwni cation —~.~
Air entering during inhalation is very loud .
Leak in fitting is present. 3
Air is bled during n on-inh al at ini p ha:n. 1
Exhalation valve has flutter. 1
Mask can not be sealed.

1401 SE ATTE NIJAI I 104

Internal noise of oxygen sy t eni interferes with attenu ation of external noise. 3

- 51 -
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EASE OF HEAD MOVEMENT

Coil of hose - t t t dched at hack of helmet restricts mnovement.~Coil is bulky .3
Coi l is inflexible . 3 

-

Lateral mu ove mli ents are restricted .
Upward movements to riqht and left art r e - ,t r ic ted .2
Movement requires hose to move to one side or the other.1

HELMET THE kMAL COMFORT

Hel lie t is warm . 2
Sweat is present. -

HELMET FIT

He l me t causes pressure points . 3
Foatmi causes ridge behind ears and on right side of forehead. ’
Mask pullin g on helmet causes pressure point on l ower back of head. 1

• Oxygen hose chafes on back of neck. 1

MASK - IT

M a k  causes pressut  ~ points.
Mask causes pressure point on brid ge of nose. 2
Mask causes pressure point on jawline and upper cheeks .1
Pressure point s on nose and chin are caused by mask being too short and pulling
up on chin and down on nose. 1
Mask is not narrow enough. ’

HELMET_SYSTEM: HGU- 35P (LP)

EASE OF PUTTING ON AND ADJUSTING HELMET

Earcup fit is difficult to adjust. 1
I 

~~
- Spacers are too large .’

Earcups do not come down low enough , particularly on left side , and are difficul t
to align. 1
Chin strap snap is diff icult to fasten . 1

EASE OF PUTTING ON AND ADJUSTING MASK

Left side suspension is deficient .5
Suspension pu lls in wrong direction , down on left side and up on right side .2a Bulge in oxygen hose , and leak on left side result. 1
Releases are difficult to find ; pins are too delicate and di fficult to align .1
Left side is di fficult to attach , especially when helmet is being worn .2

RANGE OF VI SION : UP

No adverse comments were given .

- 52 -
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kANGE OF VISION : DOWN

~tMask/hose system is in view .1
Bulge in oxygen hose obstr -~cts v is ion down to left . l

RANGE OF VISION : LATERAL

Helmet sides and visor cover are v i s i b l e .2

LIGHTNESS

No adverse comments were given.

HELMET STABILITY

Helmet shifts forward wi th backward movements of head against LPA -l. ’
Helmet moves straight downward onto head under G due to fit of liner. ’
Inner liner is not large enough for lateral stability .1

MAS K STABILITY

Mask shifts to side because oxygen connection cannot be adjusted adequately. ’

EASE OF BREATHING

Exhalation valve st icks. ’
Inh alation valve has fluttering. ’
Twisting of mask by suspension system precludes obta ining a good seal.

NOISE ATTENUATION

Sound level is noisy. 1

EASE OF HEAD MOVEMENTS

Oxygen connection at back restr icts movement upward and to the left .~
• Connection hangs up on LPA-l .3

Connection interferes wi th putting head against headrest. 3
Oxygen connection res tric ts movemen t to the r i ght. 1

HELMET THERMAL COMFORT

Helme t is warm. 2
Black liner absorbs sun .2

HELMET FIT

Helme t ‘-na ses pr e- 5sur e points .3
Routin g at h o e  insi de helmet causes ridge above left ear.1
Edge roll on in !er liner causes ridge on forehead. 1
Trapped air in earcup causes pressure on ear.1
Comun icati-an cord chafes back)
Head and inner liner do not s i t  straight in helme t due to oxygen and communica-
tion cord entry block at back .1
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MASK FIT

Suspension system detracts from f it. 2
Mask is too short. 1

HELMET SYSTEM: VTAS II

EASE OF PUTTING ON AND ADJUSTING HELMET

Earcups are d i f f icul t  to posit ion .’

• EASE OF PUTTING ON AND ADJUSTING MASK
- - Good seal is difficult to obtain.~Mask is difficult to seat at top of mask .2

Mask is difficult to seal under chin. ’
Stiff , heavy mask does not conform to face .2
Suspension pulls in wrong direction .1

- RANGE OF VISION: UP

Helmet is v is ib le. 2
Helmet rotates forward into view .~

RANGE OF VISION : DOWN

Mask is too massive. 2
Mask sits too high. ’
Vision down to side is restricted. 1

RAN GE OF VISION: LATERAL

Helmet sides protrude. ~

LIGHTNESS

Helmet/mask system is heavy .~t CG is forward .’

HELMET STABILITY

Helmet shif ts forward .’
Helmet shifts lateral ly. ’
Helme t shifts rotationally. ’

MASK STABILITY

Mask s l ips down under G.
Mask slips under chin and presses mike against teeth ; thus , swallow i ng i s
d if f icult .
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EASE OF BREATHING

Good seal is difficult to obtain.n
System is insufficient for deep breathing. ’
Seal b reaks under G.1
Mask leaks at sides during exhalation. ’
Exhal ation is heavy .’
Mask leaks under ri ght eye.l

NOISE ATTENUATION

No adverse conmii ents were given.

EASE OF HEAD MOVEMENTS

VTAS power cord restricts head movements .’+
Rear corner of VTAS assembly res tri cts la teral movements ; pil ot mus t lean
forward to turn to right or left .2
Wei ght and CG restricts lifting head.1

- HELMET THERMAL COMFORT

Helme t is warm .3
Head is warm under visor .Helmet is warm due to fatigue caused by weight of helmet .1

- Sweat is present. 1
Black l iner absorbs sun.’t , EASE OF HOLDING TARGET

Reticle vibrates .2
Holding target is di f f icul t .2

• CG and helme t mass make holding the target dif f icul t . 2
Rotation of helme t hinders holding the target. ’
Restrictions of oxygen hose and VTAS power cord hinder holding the target.~

HELMET FIT

He lmet causes pressure points .2
Too small earcup exerts pressure on earlobe. 1

• Mask pulls helmet edgeroll onto neck . l

MASK FIT

Mask causes pressure points. 3
Mask p resses under nose and on cheeks .l
Rubber strap presses on upper lip. 1
Mask presses on bridge of nose . l
Mask p resses c hi n.2
Mask is too hard and inf lexible. 1
Mike p resses aga i ns t mouth, lip and teeth .2
There is not enough space for inside components of mask , i n part i cular , the mike. 1

3 .  Mask pushes chin strap into larynx. ’
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HELMET SYSTEM: VMS III

EASE OF PUTTIN G ON AND ADJUSTING HELMET

Helmet is not f lex ib le outward at ears .2

EASE OF PUTTIN G ON AND ADJUSTING MASK

Helme t is not adjustable on left side .2
Too much adjustment is needed to maintain balance of helmet on head. 1

- 
- Angle of f i t t ing is too low .1

Oxygen hose bulges and mask t i l ts down from attachment points when mask is
tightened .

-i  RANGE OF VI S ION : UP

Helme t is v is ib le .2

RANGE OF VI SION : DOWN

Corrugated hose on left side is in view .~Strap on right side is in view . ’
Mask is in view . 1
Mask s i ts up high and raises cheek height. 1

RANGE OF VISION : LATERAL

Visor tracks are v is ib le. 2
Oxygen hose bulges under left eye .’

- 
. LIGHTNESS

CG is forward.2
- , Helmet/mask system is heavy .2

Hose connection forces head forward and causes neck strain. 1

• HELMET STABILITY

Hose at back forces helmet forward .’
Head shifts laterally due to helmet width and ears not being tight. 1

MASK STABILITY

Mask sl ips down under G. 1
Right side strap used to tighten mask come s loose. 1

EASE OF BREATHING

Sharp inhalation over demands system. 1
Breathing is too easy ; hose could come out and pilot would not know he was
breathing ambient. 1
Mask come s away from face under G. 1

~ 
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NOISE ATTENUAT ION

No adverse comments were given .

EASE OF HEAD MOVEMENT

Oxygen hose restricts upward movements.
Oxygen hose restricts movements to the left. 1
VTAS cord restricts movement. 2
Wei ght restricts upward movements.

EASE OF HOLDING TARGET

Reticle bounces . 2
Forward CG is noticeable when pilot tries to maintain head pos i ti on. 1

HELMET THERMAL COMFORT

Helmet is warrmm. 2

S 
Warmth is caused by effort to hold up head .1
Sweat is present. 1
More breathing area is needed. 1
Black liner absorbs sun .~

HELMET FIT

Helme t causes pressure po i nts .3
Mask pushes chin strap against larynx; choking sensation results .1
Earcups need larger holes and more spacers .1
Hard ridge presses on right side from temple to ear .~Pressure is exerted at left forward edge of liner.~

MASK FIT

a, Mask causes pressure points .2
Pressure is exerted on top of nose.2
Nose grip holes are too high and thus , are useless. ’

I
*

I

- 57 —

- - - ~~~
::- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i 

_ _



- ~~~~~~~~~ - - - ~~~~~~~~ - -~~~~~~~~ - --- - - - -~~~- - - - -

NADC- 75195-40

C O N C L U S I O N S

MEDICAL /PHYSIOLOGICAL

From the data on the medical/physiological parameters monitored , it is
possible to draw several conclusions:

(1) There were significant heart rate changes “among helmets ” compa r-
ing sections of the profile against each other. The most obvious were always
between the HGU -35 / P’ s and the VTAS ’ s.

(2) Significant changes in heart rate were noted when comparing “within
helmets ” indicating that the changes discussed in (1) were not artifacts.

(3) The helmet thermistor gave no useful data other than the fact that
no significant teiniperature changes were noted in any of the helmets.

(4) Rectal temperatu re measurements did show some significant tempera-
S ture increases giving object ive backing to subjective comments about “feeling

hot” , often imade by our test subject both in this study and in previous studies.

• (5) These data alone should not be used to make concrete judgments
about any of the helmets due to possible interference of subj ect variat ion ,
but combining this with the performance data should give some valuable results .

HUMAN FACTORS

Along the 45° inclined arcs , the range of visual field was greatest for
the no-helmet condition ; however , no differential effect among the helmets
was found .

Range of vision along the vertical arcs varied signifi cantly with helmet
condition ; the no-helmet condition offered the least restriction while the
VTAS III and APH-6 were the most restrictive .

Although helmet conditions also had no statistically significant effect
on dig it identif ication time s under 3G . the mean ti me for the A PH-6 helmet
condition was the largest.

The API-l-6 helmet offered the least sound attenuation under both the lGz
and the 3Gz conditions ; under the lGz condition , the mean threshold was com-
parable to the no-helmet condition . The HGU-35/P (hi gh pressure ) and the VTAS II
offered the best sound attenuation .

Cumula tive time on target was greater for tie VTAS II helmet than for the
VTAS III helmet , although most of the difference can be attributed to data from
a single subject who did poorly while wearing the VTAS III helmet.

Relative EMG data showed no effect due to helmet condition ; however , mean
EMG data across G conditions showed the least muscle activity under the no-
helmet condition and the mos t with the APH-6 helmet.
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Many design changes are being incorporated into the basic HGU -35/ P low
pressure and high pressure helmets as a result of the centrifuge tests. The
low pressure modif ications are as fol lows :

(1) A iiiore f lexible oxygen service hose wi l l  be provided.

(2) The rear oxygen service hose disconnect wil l be moved to a center
location on the lower rear of the helmet. This disconnect wi l l  be faired into
the shell profile to avoid encumbrance with the seat headrest . It wi l l  also
have a two finger unlocking device to prevent accidental unlocking.

(3) A l ower profile oxygen hose/helmet disconnect will be provided. It
will incorporate a check valve that will close when the disconnect is not
connected .

(4) A rm elli ptical oxygen hose instead of a round hose will be routed
inside the helme t shell.

(5) The ear-seal locati on of the skin contact capacitor microphone will
be relocated within the eardome .

(6) The oxygen mask suspension system will be redesigned to provide more
adjustabil i ty .

(7) The oxygen mask/helmet disconnect will be redesigned for a more
posit ive locking.

(8) The combination exhalat ion/ inhalat ion valve wi l l  incorporate an im-
proved flapper valve material and w i l l  be protected against sal iva and dirt by
a cover .

The HGU-35/P high pressure helmet will also be modified in the following
ways :

( 1) A more f lexible high pressure oxygen hose w i l l  be provided to
elim i na te encum b ranc e between the we arer and the a i rcraft seat so th at the
hose wi l l  not interfere with the full range of the wearer ’ s required head

0 movements.

(2) The rear oxygen service hose disconnect will be relocated to the
center lower rear of the helmet shell and will be fai red into the profile of

4 the shell to avoid encumbrance with the seat headrest. It will also have a
two finger unlocking device to prevent accidental unlocking.

(3) The rear high pressure oxygen hose disconnect will incorporate a
check valve that w i l l  close when the disconnect is not connected.

(4) The miniature oxygen regulator will be relocated from inside the
V mask to a position within the shell profile in the center l ower rear of the

helmet shel l .
r

(5) The ear-seal location of the sk i n con tac t ca pac itor micro phone w i ll
be relocated with in the eardon me .

- 5 9 -



r - - —- -

~~

---—---- --- - 
- -- _ - -

~~~~

- -

~~~~

-

~~~~~~~~~~

- ------

~~~~~~~~~~

-

~~~~~~~

— _ -  
~~ - -

NADC-75l95-40

a,’ (6) The oxygen m ask shell w ill be reconfigured to reduce its profile and
the exhalation valve w i l l  be moved to the left side . It w i l l  become simila r to
the low pressure mask shell .

(7) The mask/helmet disconnects (right and left sides) will incorporate
a suspension system similar to that of the low pressure helmet .

(8) The tubing within the shell between the rear regulator and the mask/
helme t disconnect wi l l  be redesigned .

I
I-
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