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/ To: - w  
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Ref: 
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I 4 B a e d  Corim r : k  
-. 

623 DEPARTMENT OF THE N A V Y  @* 
OFFICE OF THE SECRETARY i MAY 2 8 1971 

Secretary of the Navy 
Commander, Naval Air Development Center,  Warmins te r ,  
Pennsylvania 18974 

Pe rmis s ion  for th6 use of huma . 3lunteers as subjects in 
the t e s t  and evaluation of head :Y craint devices  

(a) NAVAIRDEVCEN ltr 4CS <& 91) of 20 J u l  1970 with 

(b) ADO 43-12X: Air Crew Impact Injury Prevent ion 
endorsements  

Your request and endorsements by higher authority have been 
reviewed and the use of volunteer subjects in  the test and evaluation 
of head r e s t r a in t  devices is approved. 

. .  
, , - >  , 

The need for  the proposed development, t e s t  and evaluation 
effort  is recognized and supported, bu t  the  work should not include 
the use of human subjects o r  animals for the p r imary  purpose of 
gathering biomedical data of the kind being developed i n  response 
to reference (b). 

' 

. .  

Safety of the subjects undergoing the test procedure must  
remain  paramount at all t imes.  
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Green route siip sm 12811 502-71 25-70 
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cl: (1) Copy of AIBTASK 83405311/202B/1F32-451-403, 

( 3 )  Description of 'a prototype head restraint 
system and method for its evaluation . .  

BUMD STAMP 6500 26 Jan 1971 
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DEPARTMENT 
. * ? N # ~ D  ??,;,D.-~ 

. L  

JUHNSVILLk 
WARMINSTER. PA. 10074 

J Comnander, Naval Ai r Development Center, Warminster, Pa. 18974 

Permission for  the use of human subjects i n  investigation of 
mechanisms- of head injury and f l igh t  crew head protective 
processes ; supplementary information concerni ng 

/ ' ;Em: ,Chief, Bureau of Medicine and Surgery (BUMED-7113) 

Subj :  

.. ~ 

. . .  . .  

Ref: a BUMED l t r  BUMED-7113: w o f  11 .- 1970 
[ b i  NAVAIRDEVCEN l t r  ACS q4241) of Jul 1970 

Copy of AIRTASK A3405311/202: ' 2  -451-403, Work U n i t  03 
Copy of Consent Statement 
Description of a prototyt. heaa restraint  system and 
method fo r  i t s  evaluation 

1 , As requested by reference (a),  enclosures (1 ) , ( 2 )  , and (3) are 
forwarded for  information and attachment to  reference @). The principal 
investigator for  the Work U n i t  (enclosure ( 1 ) )  is Edr. William G. Law and 
Dr. Frank H. Jacobson is an associate investigator. 
function as Physiological Test Director, Medical support will be 
direct ly  furnished by L t .  Robert B.  Keyser, MC, USNR; Dr. Jacobson will 
provide f o r  biomedical and physiological moni toring. Consultant ass i s t -  
ance will be provided by Dr. Ayub K. Ommaya of NINDS and Dr. Edwin Hendler. 
Emergency medical support will be provided by the U.S. Naval Hospital i n  
Philadelphia. 

Or. Jacobson will 

2. 
develop an optimum head restraint  system. 
of an optimum system, i t  i s  anticipated t h a t  a numb,er of different k inds  
of head restraint systems will be'designed and proto 
Human volunteers will be u t i l i zed  t o  a i d  i n  the eva3 
systems under conditions simulating those aspects 0,f 
considered t o  be most relevant. 
statement and summary of t e s t  procedure t o  be read by the subjects. 
A description of the f i r s t  prototype head restraint  system t o  be evaluated 
is  given i n  enclosure (3) ,  along w i t h  the method t o  be uti l ized i n  i t s  
evaluation. A discussion o f  -end poin ts ,  as requested i n  referFnce ( a ) ,  
i s  included i n  enclosure ( 3 ) .  

copy to: 
NAVAIR (AIR-340B), w/all encl 
NAVAIR (AIR-531) , w/al1 encl 
NAVMAT (MAT-031 M) , w/al1 encl 

I t  is the intention o f  the work authorized i n  enclosure (1) to  
As steps i n  the development 

' 

Enclosure ( 2 )  is  a copy of the consent 

?RANXI. mALB 
4. 

1 
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NAVAL .*If< * u ~ V ~ L U Y H ~ N I  LENCEK 

WARM1 NSTER, PENNSYLVANIA 18974 

, . 7 .  

". 
AEROSPACE CREW EQUIPMENT DEPARTMENT I 

CONSENT TO PARTICIPATE VOLUNTARILY IN A RESEARCH, 
DEVELOPMENT, TEST, OR EVALUATION (RDT&E) PROCEDURE . 

DATE 

1.. I hereby volunteer t o  participate as  a subject i n  an,;''& procedure 
being conducted under Element No. 62211N, Project No. FF.: ' . ' ,  Work 
U n i t  3 ,  Work U n i t  Tit le "Investigation of Mechanism c 
F l i g h t  Crew Head Protective Processes," which has beer, authorized by the 
Naval Air Systems Command. 
measures has been certified by the Chief, 8ureau of Medicine and Surgery, 
and tha t  authority t o  use human volunteers has been granted by the 
Secretary o f  the Navy. 

hedc injury and 

I understand that the adequacy of safety 

2. 
as follows (see attached summary), 

The nature and 'purpose o f  the procedures have been explained t o  me 

--- . .  

3. 
mation or representation not s e t  forth i n  this document, or  attached 
summary. ryly consent i s  given as an exercise of f ree  wi l l ,  without any 
force o r  duress of any k i n d .  . I  understand t h a t  my consent to participate 
does n o t  consti tute a release from any possible future l i a b i l i t y  by the 
United States a t t r ibutable  t o  the experiments. 

In making qy decision to  volunteer, I am n o t  relying upon any infor- 

-(typed name, rank, ra te ,  o r  grader 
.. . - .  . . .  . .  - 

- . .. ~ -- . . .  
(date of b i r t h )  

. .  .~ . 
. :.. . .  . '..'- 
::,>: . . 

L .. : . .- . 
~ . .  

WITNESSED -' 

(not d i rec t ly  involved in t e s t )  

AP P ROV ED 

Director 
- Aerospace Crew Equipment Dept. 

copy to:  
Service Record or Personnel File 

enclosure ( 2 )  
. .  

. .  
r , -  



. .  
( i .  

"~uMMARY OF TEST P R O i t o U R E  

1. General. The purpose 0-f this t e s t  program shal be t o  determine 
J u s t m f e c t i v e  various protective devices are  i n  res t r ic t ing 

.head m6vements dur ing  accel-eration. I t  has been found by experiments 
tha t  the incidence o f  head injur ies  can be reduced o r  eliminated when 
the body is accelerated, by preventing or slowing forward rotation of 
the head. 

Lvehicle moving forward is suddenly stopped, W l e  the driver 's  body 
i s  held i n  place by a lap be4t and a shoulcl iarness. Information 

dsed t o  design improved 
'I achieve a bet ter  

-44 *$ 
. -r..-- ..,'-.' 

5 ~ ... , 
-e * 
-. - ~ 

This is the type o f  head movement which results when a 

.: gained from the tes t s  t o  be conducted will 
.. methods for restrai  g the head, as well 
' . understanding o f  t h  ody's response. to  i ;?  

2.. :-; : I  

,?- . ~ I \.,. .- .1 rl accelerations. - _I --. ..: :.--_ ; 
, '... .; :. . . . .. _' 
. -_ .. 
' .. - .... . _  .. . . 

?, Procedure. 
,.- -.  -.. ; a,. - 
. . ,- . -  . 
,- : .. *- -- - .- a. An i n i t i a l  pool of subjects shall be s e t  up,*composed of volun-  

gram. 

.._ . teers who are  e l igible  t o  receive hazardous duty pay 'and who have been 
, .examined physically a found qualified t o  participate i n  this test  

b 

1 

J 
p 

. .  

b. Before and a f t e r  each exposure to  acceleration, the subject 
shall be examined by a physician and a record made of the f i n d i n g s .  
In addition to  such other t e s t s  as the physician may feel necessary, 
a number of t e s t s  t o  evaluate the physiological s ta tus  o f  the subject 
and his a b i l i t y  to  perform a psychomotor 'task shall be made, The physi- 
ological s ta tus  shall be based on evaluation of the electroencephalogram, 
electrocardiogram, electro-oculogram, and electromyogram, and on measures 
o f  blood pressure, respiration, and evoked cerebral potentials, A per- 
formance task shall be administered and scored before and a f t e r  each 
exposure t o  acceleration. Electrodes shall be applied t o  the surface 
o f  the subject's body i n  the conventional manner to record physiological 
data before, during, and a f t e r  exposure . to  acceleration. 

accelerator and restrained w i t h i n  the seat by a lap be l t  and shoulder 
harness assembly. All parts o f  the system shall have been tested prior 
to  subject exposure us ing  dummies, so that a l l  res t ra in t  and support 
components shall have successfully withstood dynamic loads a t  l eas t  
twice as  great as those anticipated during t e s t s  w i t h  human subjects. 

8 %  

c. The subject shall  be seated on the sled of the NADC l inear 

d. Progression i n  magni tude  of acceleration applied t o  the subjects 
from one t e s t  t o  the next shall be made i n  small increments, depending 
upon the coments of the subject, and an evaluation o f  the subject 's  
condition by the physician and physiologist. 

-- ~ . . .  
.. 2 
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SUMMARY OF TEST PROCEDURE 
(continued) 

e. Tests shall be made on subjects w i t h  or without the head 
r e s t r a in t  device. Measures of head rotation (angular acceleration 
and velocity) shall be made from accelerometers, as well as from 
analyses of high-speed motion pictures. 

f .  The following factors shall  be considered i n  deciding whether 

(1) sub; 

t o  continue the testing for any particular subject: 

circumstances w < '  
w i t h o u t  his CW- - y 4  

' s  comments and willingness to  proceed (under no 
any subject be exposed to  any t e s t  condition 
! 

' (' 

(3 )  nature o f  changes i n  recordings o f  physiological data 

resh'cs of physical examination of subject by the physician 

(4 )  nature of changes in psychomotor performance task. 

g. The frequency of exposure t o  the t e s t  conditions of each 
individual subject shall be determined by the attending physician. 
No subject shall be exposed t o  acceleration when residual effects of  
a previous exposure are evident by direct  medical examination and by 
evaluation of such clinical t e s t s  as may be considered desirable. 
The authority for each exposure o f  the subject to  any t e s t  condition 
rests w i t h  the  physician. 

h. All equipment and means shall be provided to  render appropriate 
medical care t o  the subject a t  the t e s t  s i t e  in case of an emergency, 
and provisions for t r anspor t ing  the subject t o  the U.S. Naval Hospital, 
Philadelphia, shall be present while t e s t s  are i n  progress. 

'. I 

. 
. .  . .  

. .  
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'UtSCKIPTlUN UF A PROTOTYPE HEAD f?ESThr\INT SYSTEM 

AND METHOD FOR I T S  EVALUATION 

As p resen t l y  conceived, t h e  pro to type r e s t r a i n t  c o n s i s t s  o f  a 
b ladder  fo lded  i n t o  ( o r  aga ins t  t he  underside of )  t h e  crewman's 
helmet c h i n  s t rap,  except a f t e r  emergency a c t i v a t i o n .  
i t  i s  r a p i d l y  in fTa ted  t o  occupy the  angle between t h e  jaw and neck 
column f rom the  mandible t o  the  sternum. Thus, i t  opposes forward 
- - ' ? t i o n  o f  the  head. It w i l l  be au tomat i ca l l y  i n f l a t e d  f rom a gas 
5 r a t o r  at tached to ,  o r  b u i l t  i n t o ,  t h e  crewman's helmet whenever a 

; i c a l  v e l o c i t y  o f  the  crewman's seat  o f  -150 Gx*msec i s  a t ta ined.  
~ h . 5  t r i g g e r  value has been chosen because i t  i s  o u t s i d e  the  f l i g h t -  

ing  p r o f i l e  o f  f i g h t e r  a i r c r a f t  and can be a t t a i n e d  o n l y  a t  impact, 
J c i t  i s  w i t h i n  human t o l e r a n ~ e ~ ~ ~ , ~  (see a l s o  below).) I t  has a l so  
been recomended4 as the  t r i g g e r  value f o r  i n f l a t i o n  o f  impact 
cushions i n  automobiles. 

When ac t iva ted ,  

P re l im ina ry  t e s t s  a t  Holloman A i r  Force Base on t h e  Daisy Accel- 
e r a t o r  exposed non-Nav human sub jec ts  t o  - l O G x  f o r  60 msec w i thout  a 

t h e  assumption t h a t  the t r i g g e r  v e l o c i t y  o f  -150Gx*msec i s  a safe one. 
High-speed mot ion p i c tu res  o f  these t e s t s ,  as w e l l  as dummy t e s t s  on 
t h e  Naval A i r  Development Center drop tower and e j e c t i o n  seat  tower, 
pe rm i t ted  the  observat ion t h a t  t he  pro to type r e s t r a i n t  d i d  reduce 
angular  v e l o c i t y  and displacement o f  t h e  sub jec ts '  h e a d c  

which a ac ts )  w i l l  be ca l cu la ted  by t h e  method-of B e n d i ~ e n . ~  High-speed 
mot ion p i c t u r e s  w i l l  p rov ide a backup method f o r  o b t a i n i n g  angular 
v e l o c i t y  . 

p r o t e c t i v e  device + a? caused no i n j u r y .  Thus, t h e  t e s t s  reconf i rmed 

Angular acce le ra t i on  ( a )  and v e l o c i t y  (Jadt, where t = t i m e  over 

Any device which produces a s t a t i s t i c a l l y  s i g n i f i c a n t  reduc t ion  o f  
angular  v e l o c i t y  o f  t he  head f o r  a g iven va lue o f  1-G& a t  t he  seat  
w i l l  be considered t o  have p r o t e c t i v e  value. When two devices a r e  
be ing compared, t h a t  which produces the  g rea te r  r e d u c t i o n  i n  angular 
v e l o c i t y  o f  t he  head w i l l  be considered t o  have g r e a t e r  p r o t e c t i v e  
value. 
r e s t r a i n t s  u n t i l  a design i s -ach ieved  by which head r o t a t i o n  can be 
h e l d  w e l l  below a v e l o c i t y  o f  26 rad ians/sec f o r  any va lue  o f  J - G d t  
which can reasonably be expected t o  occur  a t  impact o f  present-day 
a i r c r a f t .  Twenty-six radians/sec have been exceeded (31.14 radians/ 
sec) i n  a t  l e a s t  one sub jec t  o f  a s tudy repo r ted  by Ewing e t  a1.6 
"on nominal l O G ,  250G/sec runs. . . w i t h  no h i s t o r y  o f  a c t m u n n i n g ,  
l o s s  o f  consciousness, o r  func t iona l  impairment." The p r e d i c t i o n  f o r  
man was p ro jec ted  from data on the  ~ h i m p a n z e e . ~  We have chosen as our  
c r i t i c a l  value t o  be avoided, 26 radians/sec, which i s  p ro jec ted  from 
the  lowest  angular v e l o c i t y  a t  which concussion occurred i n  any 
chimpanzee. 

I t i s  the  present aim o f  the  program t o  cont inue development o f  

enc losure (3) 
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UESCRIPTION OF A PROTbfYPE HEAD RESTRAINT SYSTEM 
AND METHOD FOR ITS EVALUATION 

(continued) 
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1. Refemmce(a), requesting praaission to use humn volua- 
teers, has j u s t  been received by t h i s  Bureau for evaluation 
cndl ctadsrswt. 
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SECOND EHDORSEMENT on NADC l t r  4241 of 20 J u l y  1970 

From: Chief of Naval Material 
To: Secre ta ry  of t h e  Navy (ASN(R&D)) 

1) Chief ,  Bureau of Medicine and Surgery (Code 7) 
(2 )  Chief of Naval Personnel  (PERS-A212) 
( 3 )  Chicf-of  Naval Opera t ions  (OP-07E) 

Subj :  Permission f o r  t h e  use  of human s u b j e c t s  .I 
mechanism of head in ' jury and f l i g h t  head 5 '7 .  t e c t i v e  p rocesses ;  
reques t  f o r  

i n v e s t i g a t i o n  of 

1. 
primary ob jec t ive ,  bu t  n o t  f o r  t h e  second; ob j .  z t i v e ,  as desc r ibed  
belowo 

Forwarded, recommending approval  of use  or. i a~~ , - , , . l  s u b j e c t s  f o r  t h e  

2. a. The primary o b j e c t i v e  i s  t h e  eva lua t ion  of hardware s p e c i f i c a l l y  
designed t o  r e s t r a i n  t h e  head and neck so as t o  reduce t h e  r o t a t i o n / f l e x i o n  
which can produce f l i g h t  crew i n j u r i e s  and f a t a l i t i e s .  
important  object iv?,  and t h e  necessary eva lua t ion  technology i s  s t a t e - o f -  
t h e - a r t .  
recomrncnded. 

This  i s  an extremely 

Approval of u s e  of human s u b j e c t s  f o r  t h i s  o b j e c t i v e  i s  t h e r e f o r e  

b. The secondary o b j e c t i v e  i s  t o  e s t a b l i s h  d e f i n i t i v e l y  t h a t  
t r a n s i t o r y  changes i n  h e a r t  rate and b ra in  wave p a t t e r n s  are, or are n o t ,  
benign concomitants of low l e v e l s  of acce le ra t ion .  The p o r t i o n s  of 
r e fe rence  ( c )  and enc losu re  (1) t o  t h e  bas ic  NADC l e t t e r  which are 
a p p l i c a b l e  t o  t h i s  o b j e c t i v e ,  r evea l  d e f i c i e n c i e s  (e.g., i n  review of 
t h e  r e l evan t  s c i e n t i f i c  l i t e r a t u r e ,  i n  cognizance of r e l a t e d  ongoing 
e f f o r t s )  s u f f i c i e n t  t o  ques t ion  s e r i o u s l y  t h e  soundness of t h e  t e c h n i c a l  
approach. I t  i s  recommended, t h e t e f o r e ,  t h a t  use  of human s u b j e c t s  be 
disapproved f o r  any p o r t i o n  of t h e  proposed i n v e s t i g a t i o n  which would 
pursue  t h i s  secondary o b j e c t i v e  independent of  t h e  eva lua t ion  of r e s t r a i n t  
equipment descr ibed above as t h e  primary ob jec t ive .  

copy t o  : 
NADC Warminster 
NAVAI R 

: ._ .. 
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. .: .-. .- FIRST ENDORSEMENT on NADC l t r  ACS 4241 of 20 July 1970 

From:  Conander, Naval Air Systems Command 
To: Secretary o f  the Navy ( A S N ( R & D ) )  . 
Via: 1 Chief of Naval Material (MAT-031M) 

121 Chief, Bureau of Eledicint and Surgery (Code 7)- 
(3) Chief of Naval Personne; :l'ERS-A212) 
(4 )  Chief of ;.lava1 Operatiw (OP-07E) 

mechanism o f  head i n j  y anl f l i gh t  crew head protective pro- 
cesses; request f o r  

S u b j :  Permission for  the'use 0- I t A . ~  subjects i n  investigation o f  . 
", 

1. Forwarded, recommending approval . .  

of tests and has sponsored this project with the prime purpose of eval- 
uating ha rdware  t h a t  has been specif ical ly  designed t o  restrain the 
head and  upper to r so  so as t o  increase the human tolerance levels fo r  
accelerations resulting from eject ion,  crash and ditching. 
ful development of t h i s  hardware will result in:  ( a )  the reduction or 

. elimination o f  fa tal  head injur ies  due to  a b r u p t  acceleration d u r i n g  a 
survivable crash o r  ditching and ( b )  the reduction o r  elimination of 
back injur ies  resiil t i n g  from head and neck rotation/flexion d u r i n g  
emergency ejection. 

4 -'. 

a *' 2 ,  The NAVAIRSYSCOM is'extremely interested in t h i s  part icular  se r ies  ,.- ..a 

The success- 
_ _  

copy t o :  
NADC, Warminster, Pa. -- _ _  
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DEPARTMENT OF THE NAVY 
A I D  17\C-\lCt n P M F . W T  , .  

3 w n i b a v i L L c  
WARMINSTER. PA. 18974 

~ ~ h a . ~ f .  of h 

t i  ve Processes" 

Encl: 

1. In order t o  evalu rly the effectiveness 
procedures t o  provide head and neck protection t o  n 
personnel, i t  i s  requested t h a t  permission be given t o  u t i l i z e  human 
volunteers f o r  the investigation proposed i n  enclo 
t i o n ' t o  the primary purpose o f  this investigation, 
3mportant i n  
and psycholo 

contained i n  
forces. This 

be carried out to  meet the requirements of reference (c ) .  

2. I t  should 
head protectio 
o f  Health, Naval Medical Research Center, Naval S h i p  Research and 
Development Center, and Naval A i  r Development Center (NAVAIRDEVCEN), 
and carried on under Naval Air Systems Comnand sponsorship for approxi- 
mately the past f ive years, Experimental head injury was studied using 
a variety o f  primates, and the concept o f  p r o v i d i n g  protection from 
cerebral concussion by eliminating head r o t a t i o n  was experimentally 
verified. During the present study, close collaboration w i t h  experts 
from the ac t iv i t i e s  mentioned will continue. 

(1) Experimental Design - Investigation of Mechanism o f  
Xnjury and rew Head Protective Processes 
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a t  the present study i s  the culmination o f  a 
ogram undertaken jo in t ly  by the National Ins t i tu tes  
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INVESTIGATION OF MECHANISM OF HEAD INJURY 
AND FLIGHT CREW HEAD PROTECTIVE PROCESSES 

/ 1. BACKGROUND 

I t  i s  now generally agreed tha t  he 
naval a i r c ra f t  
ce o f  head imp 

n subhuman primates t 
t l y  reduced by de 
ad-restrai n i n g  devi 

tion, such as can occur i n  

impact can be s igni f i  
Design parameters for  

o f  
ec 

ies ,  and cadave 
ic;! must be made on 1 i ve 

been proposed so that the evaluation will be made under controlled, 
r than crash, conditions when the subject 's l i f e  w i  

he device. In this evaluation, as i n  0 t h  Y 

be made), the questions will be asked: 
our subjects i n  s imula t ing  the condition against which we hope t o  pro- 
tec t  them? By what  c r i t e r i a  do we judge Are there objective endpoints?" 

res t o  acceleration have of conscious 
the limits o 

Objective changes i n  heart rate and electroen- 
t ive reports o f  pain o r  loss of visi 5 

s t ra in  t o  be allowed. 
cephalogram2 have been ignored, even though similar physiological changes 
occurred only a f t e r  con~ussi_q_n~ i n  anesthetized monkeys and dogs 
Unpublished data o f  Omnaya e t  al .  indicate t h a t  they occur near 
short o f ,  concussion i n  unanesthetized chimpanzees. 

evidence of injury; and ( b )  because they occurred a t  low levels o f  

They have been 
T 
i ignored i n  man (a )  because they could not be correlated w i t h  objective 
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tha t  transitory loss of consciousness did occur i n  these subjects, b u t  
was undetected because i t  ended before the subjects could be examined. 

, consciousness will be monitored throug 
Furthermore, techniques are now available for detecting diminished 
consciousness as we1 1 sence of consciousness. Th 

o'diminished D I 

i t ive evider- . c these 

bjects had been known t o  survive 
i n  or detect of function. I s conceivable 

- 

t the exposure. 

a f t e r  exposure ; t 
I 

should not  be re5 rded endpoints t o  

least  one symptom o f  con 
blood pressure) i s  known t o  occur also i n  a l l  thre 
mental animals w h i n  they approach, b u t  do not cross, the threshold o f  
concussion. 
signs occur also i n  man, and whether some function o f  these signs are . 

correlated with proximity t o  concussion. 

I t  i s  desirable t o  learn whether t h i s ,  and other, warning 

The c r i t i c a l  values of rotational velocity and leration of the 

ble t h a t  angular  velocities below the c r i t i ca l .  value may 
head needed t o  produce concussion have been extrapolated to- man. 
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concussion. I t  is  conceivable also t h a t  

fore, t o  learn whether some funct ion o f  

also be a measure imi t y  to  concus- -. -5: 

blood pressure or other physiological variables i s  correlated w i t h  
c i ty  o r  performance decrement, and whether there is a 
ue of th i s  function of blood pressure o r  
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The program objective i s  twofold: * '  

a. To evaluate the effectiveness of  devices for reducing head 
rotation and the probability of head and neck injury. 

b. To establish definitively t h a t  t ransitory changes i n  heart * 

ra te  and brain yave patterns are, or are n o t ,  benign concomitants of 
low levels of acceleration. The endpoints would be expressed i n  terms 

gical and psychological xurernent 
, 

The subjects will be exposed on the JAVAIRDEVCEN linear accelerat . .  
lera t i ons design 
In no case, how 

permitted t o  reach 26 radia dicted from the  
lowest velocity (60 radians/sec) a t  which concussion occurred i n  any 
chimpanzee exposed on the N A V A I R D E V C E N  a ~ c e l e r a t o r . ~  
t o  ~ predict f r o m  present know1 edge how angul ar accel e r a t i  on of  the head 
will be related to  the controllable l inear acceleration of the sled. 
Therefore, angular acceleration of the head will be measured as the 
subjects are  l inearly accelerated i n  1G increments for durations in the 

I t  i s  not possible 

millisecond range. 
t o  the t e s t  conditions. 

t i a l s  will be measured and a performance task wi l l  be scored imnediately 
before, d u r i n g  (when feasible),  and a f t e r  acceleration. 
physiological change o r  _- . decrement -__I.._ . i n  performance occur, attempts wi 11 be 
made t o  establish t h a t  these changes are  not the resul t  of injury, no 
matter how low the level of acceleration. Failing t o  establish that  the 
changes a r e  e i ther  benign or malignant, the Test Director (physiologist) 
will consult w i t h  the attending Flight Surgeon concerning the implications 
o f  the changes and the safety and advisability of proceeding t o  higher 
levels o f  acceleration. The Test Director will terminate the procedure 

i( -2 
to  a subject. rl t 

3 L 

No subject shall be exposed more t h a n  once per day 
Electroencephalograms, electrocardiograms, and 

respiration will be traced; blood pressure and/or brain evoked poten- 3 

Should any 

a t  any stage i f  i t  i s  l ikely t h a t  continuation will resu l t  in injury 
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