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D URING a ten-month period end- 
ing April 24, 1959, the Aero- 
space Medical I~borato,ry com- 

pleted "an intensive study of the medi- 
cal ,.problems encountered in pressure 
suit testing in the low pressure cham- 
ber. It is important to distinguish ,be- 
tween the results of  routine suit indoc- 
trinations and ex, perimemal suit test- 
ing. Routine indoctrinations connote 
the use of standardized items of .per- 
sonal protective equipment and stand- 
ard profile chamber ~ests. In experi- 
mental pressure suit ,testing, new and 
unproved suit types are used. It  means 
that these suits are tested for much 
longer time intervals and at extremely 
low barometric pressures, such as 
100,000 feet. This series of  tmfamil.ia.r 
variables existing in research and .de- 
velopment renders experimental suit 
testing more ,hazardous in theory and 
in fact. 

S T A N D A R D  CHAMBER TEST PROCEDURE 

Preparation of a subject for a 
routine or  experimental .press,ure suit 
test requires nearly ten manhours of 
work. The actual execution of the test 
requires eight to sixteen additional 
manhours of labor. Officers and airmen 
of the Aerospace Medical Lat)oratory 
act as su!bjects. The s,t~bject dresses in 
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long cotton underwear which partially 
protects the skin f rom suit .pinching 
and absorbs ,perspiration. He sits at a 
console which provides .100 ,per cent 
oxygen and denitrogenates for the 
following required period: 

Two hours denitrogenation if ambient 
pressure is to be above 25,000 feet 15 
minutes or more. 

One hour denitrogenation if ambient pres- 
sure is to be above 25,000 feet 5-15 
minutes. 

Thirty minutes denitrogenation if ambient 
pressure is to be above 25,000 feet less 
than 5 minutes. 

With this ,schedule, no instances of 
the "bends" occurred. The denitro- 
genation .may be accomplished with the 
A-13,A mask; then the breath is held 
and the helmet is slipped on. This 
eliminates the fatigue of wearing the 
helmet during the two hours of denitro- 
genation. The subject is then assisted 
in .donning the pressure suit and gloves. 
The feet do not require formal pres- 
s.urization by bladder socks unless the 
test profile is to ,be in excess of 65,000 
feet for more than ,one hour. How- 
ever, a snug shoe such as. ordinary 
oxfords is required. When a loose 
sneaker i,s worn, there is excessive 
room for  foot swelling. Prolonged 
non-pressurization of  the foot subse- 
quently .causes tissue edema and ulti- 
mately arterial occlusion from high 
extraluminal .pressure. The symptoms 
are ischemia and the associated ting- 
ling, numbness and pain. Chamber 
repressurization and concomitant suit 
depressurizat ion causes  immediate  re- 
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active hyperemia and relief of symp- 
toms o.f arterial occlusion. 

The subject enters the chamber, is 
seated, and the following connections 
are made: microphone and earphone, 
electrocardiogram, b 1 o o d pressure, 
bladder and .capstan pressure, heat 
source .to facepiece, lap 'belt, shoulder 
harness and parachute. A "press-to- 
test" device on the seat-kit inflates the 
suit to check bladder and capstan pres- 
sure.s. The .chamber is equipped with 
a 16-mm camera and flood lights to 
record subject performance during 
tests. The ,camera is triggered a.t the 
medical monitor's station. A crystal 
pickup has been developed and is now 
being tested to record blood, pressures 
at low barometric pressures. Since 
evacuating a chamber also evacuates 
t,he stethoscope, a .st~bstitute ,device was 
needed to convey the Korotkov sounds. 
The crystal pickup voltages are ampli- 
fied and fed into a speaker mounted 
near the medical monitor. The cham- 
ber is evacuated to 40,000 feet. The 
outside lock (which contains an emer- 
gency crewmember) is .evacuated to 
25,000 feet where he remains for  the 
test period. The subject charrrber is 
then evacuated to 100,000 feet to check 
out .suit pressures and then returned 
to 30,000 feet. Next  a two. and one- 
half ,second decompression is accom- 
plis~hed to .the highest possible altitude 
(which is 65,000 feet with the ac- 
cumu'lator in this laboratory). "Dhe in- 
dividual test profile .continues from this 
point. 

We employ a "count-down" for all 
decompressions. The st~bject is direct- 
ed as follows : "On the .count of 'three', 
take in your normal volume of breath 
- -don ' t  take in a deep breath. By the 

S0 

count of  'tWo' breathe out half of this 
volume, and ~by the count of 'one' ex- 
hale the remaining volume, at which 
time the decompression will occur." 
(The ,subject is cautioned never to 
hold his breath.) Once this count- 
down is described to 1Jhe subject, a dry 
run count-down is performed, during 
which time the observers listen to and 
watch his 'breath excursions to ascer- 
tain that he understands and follows 
the instructions explicitly. Then the 
actual decompres,si,on count-down is 
performed. Once a slow or two and 
one-half second decompression has 
been ,successfully completed, the sub- 
ject sustains a rapid or one and one- 
half second decompression from 30,- 
000 to 65,000 feet. We have never 
encountered mediastinal emphysema in 
our chamber subjects, as. a result of 
rapid decompressi,on. The only inci- 
dent ,caused 'by a rapid decompression 
is described in this paper as 'Case 3. 

R O U T I N E  PRESSURE S U I T  

I N D O C T R I N A T I O N S  

The Aerospace Medical Laboratory 
.offers pressure suit support to several 
projects in the U. S. Air Force, the 
U. S. Navy, and the National Aero- 
nautics and Space Administration 
( N A S A ) .  

During the development of the X-15 
research aircraft  ,by a joint effort of 
NASA, the Navy, and the Air Force, 
it ~became apparent that a full pressure 
suit would be needed to protect the 
pilot in the event of  cabin depressuriza- 
tion. Through research and develop- 
ment efforts in tlhis l~boratory, a new 
and greatly improved full pressure suit, 
the MC-2 (Fig. 1) has been produced. 
A full pressure suit is any combination 
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of garments which delivers equal pres- 
sures to the whole surface of the body. 
These pressures must ,be adequate to 
prevent tissue fluid vaporization and 
at the same time deliver an adequate 
pO~ .to the alveolar gas mixture. Cur- 
rent full pressure suit .pressures de- 
liver between 150 and 200 mm. Hg. 
pressure to the body vehen suit and 
man are exposed to a vacuum. Partial 
pressure suits are tho.se which were 
originally designed t.o ,deliver ,pressures 
to all l~rts  of t.he body .e:~cept ~he arms 
and legs. As .the state-of-the-art of 
partial pressure suits became more re- 
fined, arm and leg protection was added 
to increase time-altitude protection cap- 
~bilities. At present, the ,hands are 
pressurized above 55,000 feet, 'but the 
feet are not pressurized until above 
65,000 feet. Currently, all the pilots 
who are scheduled to fly in the X-15 
are 6eing :fitted at hhe manufacturer 's 
plant, and subsequently indoctrinated. 
It surpasses the performance of the 
MC-3A and MC-4 partial pressure 
suits, and adequately protects a human 
at 100,000 feet for long periods of 
time. 

The "Man High" research project 
of l~he Air  Force Missile Development 
Center, Holloman Air  Force Base, 
New Mexico, and the Office of  Naval 
Research "Stratolab" project both con- 
sist of human subjects being .carried in 
capsules into the stratosphere rby gigan- 
tic balloons filled with helium. One of 
the multitude of protective measures 
afforded the subjects is an MC-3A 
partial :pressure sui'c ensemble. 

There have :been many Air  Force 
research flights of aircraft  to altitudes 
above 50,000 feet. Pressure suits are 
required to ,be worn during such flights: 

JaNuaRy, 1960 

Examples of these missions are F-101, 
F-102, and F-104 "zoom" flights to 
extreme high altitudes to study re- 
light of "flame-outs." 

Fig. 1. The MC-2 full pressure suit. 

There is another small group of sub- 
jects who have received pressure suit 
indoctrinations in physiological train- 
ing units and .demonstrated symptoms 
of near syncope .during indoctrination. 
Tlhese subjects are referred to this tz~b- 
oratory for  evaluation and recom- 
mendation. The usual ,complaint has 
been difficulty in breathing when the 
suit is inflated. After  a few minutes 
of suit pressurization, the subject notes 
that he is "lightheaded," the field of 
vision constricts, and .the chamber ob- 
servers note a moderate to intense 
cyanosis of the face (the only visible 
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par t  .of the body  vchen dressed  in a 

p.ressu,re su i t ) .  I f  th is  s i tua t ion  is per-  

mi t ted  to progress ,  the subject  faints.  

Retes t ing  these subjects  in thk same 

facial plethora when worn at ground level. 
His uninflated pressure suit restricted his 
maximum thoracic inspiratory circumfer- 
ence by 30 per cent. The torso length o[ 
his original suit was too short, causing him 

T A B L E  I .  E X P E R I M E N T A L  AND R O U T I N E  T E S T I N G  W I T H  P A R T I A L  P R E S S U R E  S U I T S  

Conditions 

Total attempted tests 
Number of tests completed 
Number of tests aborted 
Causes for abortion 

Unconsciousness 
Pre-syneope 
Taehyeardia (over 160) 
Claustrophobia 
Hyperventilation with 
apprehension 
Poor ventilation 
Improper suit fit 
Suit failure (zipper broke) 
Gas pains 
Bends 
Miscellaneous 

Number of decompressions 
Successful 
Unsuccessful 

Experimental Tests 
MC-1 Suit 

(65,000 Feet 
for One Hour) 

56 
33 
23 

2 
5 
3 
1 

2 
1 
2 
2 
1 
0 
4 

Routine Indoctrinations 
MC-3, 3A, 4 Suits 

(65,000 to 100,000 Feet 
for Five or More Minutes) 

Selected Data 
Prior to July 1, 1958 

34 
33 

1 

0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 

35 
35 
0 

Ten-Month Period of 
Controlled Observation 

59 
54 
5 

1" 
1 
0 
O 

0 
0 
0 
1 
1 
O 
2 

45 
45 
0 

*Case 2 in text 

T A B L E  I I .  E X P E R I M E N T A L  D A T A  FROM T E S T S  OF P O S I T I V E  P R E S S U R E  

B R E A T H I N G  A N D  P A R T I A L  P R E S S U R E  S U I T S  

Long Duration 
Positive Pressure Breathing Tests with 
MA-2 Helmet A-13 Mask Suit Fit MC-3A or MC-4A 

Conditions 30 mm Hg at  30 mm Hg at Problems at 100,000 Feet 
40,000 Feet 50,000 Feet Investigated* (without pres- 

surized feet) 

Number of tests 
Duration of test 

(minutes) 
Cause of termination 

Unconsciousness 
Pre-syneope 
Foot Ischemia 
Fatigue 
Taehyeardia (above 160) 
Arbitrary 

8 

15 

1 
0 

o 
0 
7 

4 

10 

1 
0 

o 
I 
2 

4 

20 

0 
4 

o 
0 
0 

6 

160 

0 
0 
5 
1 
0 
0 

~In all cases, after refitting, subject withstood two 

pressure  suits has  resul ted in identical-  
ly poor  responses.  The  cause in all 
four  cases observed  has been a t ight  
suit  and  neck seal fit. (See  Table  I ) .  

Case 1.--A jet pilot with 1,000 hours, had 
a size 15 neck. His or,iginal .helmet neck 
seal was a very tight size 12, causing obvious 
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hours at 100,0O0 feet without incident. 

to hunch forward markedly. This torso- 
l e n g t h  mis f i t  c a u s e d  e x c e s s i v e  p r e s s u r e  on 

the  v e n o u s  r e t u r n  f r o m  the  n e c k  w h e n  the  

su i t  w a s  inflated.  T h e  su i t - n eck  c i r c u m f e r -  

ence  a lso  w a s  too  smal l ,  i n c r e a s i n g  the neck 

t o u r n i q u e t  effect .  F ina l l y ,  the  l egs  an d  a r m s  

w e r e  too  t ight ,  c a u s i n g  i n c r ea sed  capi l la r3  

fill t i m e  an d  p l e th o ra .  T h e  c o m p o u n d e d  e f -  

f ec t  o f  all of  these  i m p r o p e r  f i t t ings  pro- 
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duced a vascular engorgement of the head 
and extremities and restricted ventilation. 
When the subject was properly fitted, he 
remarked on the comfort  of the new suit 
and passed his indoctrination test satisfac- 
torily without any of the previous symp- 
toms (Table I I ) .  

D u r i n g  r o u t i n e  indoct ' r ina~t ion- type  

f l ights ,  t w o  a d d i t i o n a l  i n c i d e n t s  o,c- 

c u r r e d .  

Case 2.'---The subject was a twenty-three- 
year-old man. He wore an MA-2 helmet 
and an MC-4A suit with pressurized gloves 
(Fig. 2). Following two hours  of denitro- 
genatiorn, he was positioned in the low pres- 
sure chamber and it was evacuated to 100,000 
feet. The bladder and helmet pressure were 
145 ram. Hg. and the capstan was 15 psi, 
both of which are normal. Af te r  three min- 
utes at this altitude, a sudden "hiss" of gas 
was heard through the intercommunication 
system. It became apparent that an open 
exhalation valve was not the cause of the 
sound because of its steady, unchanging 
character and lower frequency. The cham- 
ber was immediately "dumped" (a  term used 
for extremely fast repressurization).  The 
total time that elapsed before an emergency 
was recognized and recompression begun is 
unknown, but it was no more than ten to 
twenty seconds. Dur ing the rapid descent, 
the subject became cyanotic, slumped un- 
conscious and convulsed. The chamber was 
dumped from 100,000 feet to 30,000 feet in 
about five seconds. At  30,000 feet, emer- 
gency oxygen was administered by mask. His 
color returned to normal and he prompedy 
regained consciousness. A complete p~hysical 
and ambulatory observation dur,ing the next 
fourteen days revealed no signs or symp- 
toms of any remaining effects. The pres- 
sure loss occurred because the rubber face 
seal had become worn where it was rubbed 
by the plastic of the facepiece. This  worn 
area suddenly perforated at high. ihelmet 
pressures (Fig. 3,). As a result of this ex- 
perience, all field units, as well as this facil- 
ity, check these gaskets carefully before 
each test. 

Case 3. - -The subject was a thirty-six- 
year-old man. He was wearing equipment 
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identical to that in Figure 2, an MA-2 hel- 
met and MC-4A pressure suit and gloves. 
The chamber was evacuated to 100,000 feet 
to check all pressures and related equipment. 

Fig. 2. The subject is wearing the MC~4 
partial pressure suit, MA-2 helmet, and 
parachute, and is seated in an ejection seat. 

The chamber was returned to 30,000 feet and 
a two and one-half second decompression 
to 65,000 feet was accomplished without in- 
cident. The chamber was repressurized to 
30,000 feet a second time in preparation for 
the rapid or one and one-half second de- 
compression. The subject briefly opened his 
facepiece with the approval of the physician, 
equalized the tympanic membrane pressures, 
and closed his facepiece. The three ob- 
servers and the subject, who is very well 
experienced, judged that all was normal. 
The second decompression to 65,000 feet 
was summarily accomplished. As the suit 
and helmet inflated, the subject as well as 
the observers immediately real,ized that the 

53 



HIGH ALTITUDE PRESSURE 

helmet was leaking dangerously. The sub- 
ject actually placed his hands over the visor 
in an attempt to seal in the escaping gas 
pressures. Although the subject became 

SUIT- -WILSON AND ZINN 

p r o g r a m  requi res  a detai led knowledge  
of the var ious  A i r  Force  miss ion  re- 
qu i rements  and  pract ical  flight ,prob- 
lems. The  equipment  must  ,be comfor t -  

able to be acceptable to ,the pilot. A n  
integral  pa r t  of this responsibi l i ty  is a 
continual  shar ing  of  in format ion  with 
the N a v y  and the numerous  govern-  
ment  contractors .  

Fig. 3. Tear in rubber face seal in MA-2 
helmet (Case 2). 

cyanotic and lightheaded, the chamber was 
returned to a safe pressure before the sub- 
ject became unconscious. Inspection of the 
helmet revealed that the wide rubber gasket 
around the facepiece was on the outside of 
the plastic visor. Before the subject dosed 
his visor, the rubber face gasket flopped 
outside the helmet (Fig. 4). Thus pressures 
could not be contained in the helmet and 
bladder system. As a result of th,is accident, 
it was recommended that after a subject 
opens and closes his facepiece in flight, he 
push his "press-to-test"* to insure that the 
pressures hold in his suit and helmet. 

EXPERIMENTAL PRESSURE SUIT 
TESTING 

The  Aerospace  Medical  L a b o r a t o r y  
is respons ib le  for  developing be t te r  
types of ,pressure suits  to meet the de- 
mands  of new weapon systems. Such a 

*Button on seat-kit to inflate suit for check 
of pressurization. 
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Fig. 4. The subject is wearing the MA-2 
helmet incorrectly with rubber gasket on 
cratside of face mask. 

Physiologic Evaluation of Pressure 
Suits.--Such evaluat ion includes car-  
d io -pu lmonary ,  e lec t rocardiographic ,  
and gaseous tens ions  measurements .  
Of  u tmost  impor tance  are  the pract ical  
considera t ions  o f  ease and speed of  
donning,  sui t  comfor t ,  field of  vis ion 
while wea r ing  a helmet,  p roblems  of  
maintenance  o f  equiix'nent, re l iabi l i ty  
with repeated  testing,  arid mobi l i ty  
du r ing  suit  p ressur iza t ion .  Th is  lab- 
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oratory not only evaluates Air Force 
contractor's suits, but also those of the 
Navy. 

profile is to expose the st~bject to 65,- 
000 feet for one ~hour. Remarkable 
physiologic changes occur. Tachycar- 

Fig. 5. Electrocardiogram of subject in MC-1 suit at 65,000 feet, showing sudden onset 
of bradycardia. Recorder turned off for two minutes between tracings. 

Crew Selection Development Pro- 
9ram.- -The  Aero Medical Laboratory 
has been engaged in developing a bat- 
tery of physiologic and psychologic 
tests to assist in the selection of crew 
members for astronautical operations. 
This series of tests was employed in 
the psycho-physiologic evaluation and 
selection of all of  the project Mercury 
astronauts. 

One of the physiologic tests employs 
an early model partial pressure suit, 
the MC-1, which ~has only a small an- 
terior chest and abdomen bladder. This 
bladder does not offer adequate coun- 
terpressurization on the outside of the 
chest to equalize the high intrathoracic 
pressure. In effect, pressure breathing 
obtains. The MC-1 pressure suit is 
employed as a research tool. The test 

dia .is frequent while the subject is at 
65,000 feet, usually ranging from 110- 
130. The rate has Jbeen as high as 
160, at which time the test was aborted. 

The most important physiologic re- 
sponse t~ the MC-1 pressure suit test 
is the alarming frequency of sudden 
pre-syncope. The pattern leading up 
to syncope is fairly uniform. T~he su,b- 
ject is exposed to 65,000 feet. Sud- 
denly, he breaks into moderate diapho- 
resis on his entire body. He discerns 
this easily on his arms and legs where 
the sweat evaporates through permea- 
ble fabric. The effect is a cold sensa- 
tion such as evaporating ether or other 
highly volatile organic liquids. Con- 
eomitantly, there is a .definite hypo- 
tension and a relative bradycardia. 
True  bradycardia implies the pulse is 

JANUARY, 1960 55 



H I G H  A L T I T U D E  P R E S S U R E  SUIT- -VVILSON A N D  ZINN 

below 60 per minute. However, in the 
MC-1 sui,t during the test, a sudden 
drop in pulse from 150 to 75 (Fig. 5) 
is a relative 5radycardia. Wieh the 
sudden }lypotension and ~bradycardia, 
one may infer  that there has been a 
dramatic decrease in the cardiac out- 
put. Emergency repressurization of 
the chamber f rom 65,000 to 40,000 feet 
will deflate the suit in four .to six sec- 
onds. Return to consciousness occurs 
in another four to six seconds. The 
pallor, clammy skin, hypotension, and 
bradyeardia ,often persist for one to 
two hours af ter  cessation of the test. 
The lapse of time from t`he first symp- 
toms until syncope varies from a few 
seconds to two minutes. As. soon as 
the first symptoms appear, the test is 
immediately terminated to avoid un- 
consciousness.t Table I summarizes 
the experience of the authors wil~h this 
severe psycho-physiological test. 

W i n d b l a s t  S t u d i e s . - - T o  determine 
the protective capabilities of the pres- 
sure suit  and helmet during ejection, 
windblast effects were studied. Eleven 
subjects were f r m l y  strapped in a 
steel-beam reinforced ejection seat. A 
hydraulic-lift steel deflector drops, al- 
lowing a terrific windblast to act on the 
subject's head and chest. Air speeds 
of 350 miles per ~h, our at 80 ~ F. at 
sea level for ten ,seconds resulted in 
no injury from `helmet or cable pulley. 
This demonstrated the excellent wind- 
blast protection of the pressure suit 
and helmet. 

E m e r g e n c y  Pro tec t ion .  - -  A fi n a 1 

]'It is possible flkat this pressure breathing 
presyncope is caused by stimulation of lung 
strel:eh receptors. I f  so, complete atropini- 
zation should prevent the development of 
presyncope in subjects. 
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project of intense interest employs the 
A-13A posit.ive pressure mask and D-2 
regulator. It was the intention of the 
Aerospace Medical Laboratory to de- 
termine if this mask gave emergency 
physiologic protection when worn at 
the ambient altitude of 50,000 feet for 
ten minutes. I f  the mask afforded ade- 
quate emergency protection, then it 
could be safely worn during aircraft  
descent from 50,000 feet in the event 
of cabin decompress,ion. The prelimin- 
ary results indicate ~hat it is unsa,.fe to 
wear the A-13A mask above 45,000 
feet for more than one or two minutes. 
Of four subjects who were ex~posed r 
50,000 feet, one became unconscious 
and convulsed in .twenty seconds. A 
second subj.ect had premature ventricu- 
lar contractions, but the test was com- 
pleted because of the rarity of the ec- 
topic beats. The third subject had a 
pulse of 167 at which time the phy- 
sician terminated the test. Only one 
subject performed uneventfully for ten 
minutes at 50,000 feet. 

Table II summarizes the experience 
of some of our  recent suit and pres- 
sure breathing tests. It demonstrates 
that experimental testing is. 'hazardous. 
T~he dangers arise from new designs, 
untested items, extreme vacuums, and 
unconventional use of existing equip- 
ment. I t  also demonstrates that an 
excessively tight-fitting pressure suit 
will render the pilot ineffective. 
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