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1, Thi s ~ eport is the record of subject Conference held at the Army Chemical Center ,
Mary land , on 9, 10 , and 11 September 1958 , and is published and hereby t ransmit ted for the
information and retention of the personnel and agencies indicated in the distribut ion list . The
Conference was att ended by per sons lis t ed in A ppendix I of this Report , and was sponsored by
the Army Resea rch  Office of the Office of the Chief of Resea rch  and Development , Depa r tment
of the Army.

2 . In sponsoring the fou r th of these  annua l confe renc es the A rmy Resea rch Office re-
a f f i r m s  the ju dgment of the Chief of Research and Development on the i r  value based on the
ex perience of previous years.  As stated in my foreword and transmittal of the Third Annual
A r my Human Factors Eng ineer ing Conference Report , that j udgment is that theee Conferences
have demonstrated their value in faci l i ta t ing interchange of human factors  eng ineering info r-
mation among the Technical Services and with “user ” agencies;  and by f u r n ish i n g ,  in the
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f ac tors  engineering in all of the Technical Services.
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in preparation for the Fifth Annual U. S. Army Human Factors Engineering Conference  in
1959 , and will also follow through on opportunities presented in the present and previou s
Conferences to improve the effect iveness of human factors engineering in Army research and
development.
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Conference Report

FOURTH ANNUAL U. S. ARMY HUMAN FACTORS ENGINEERING CONFERENCE

9, 10 , 11 September 1958

Army Chemical Center , Mary land

I. INTRODUCTION
I. References:

a. Conference Report , “Army Human Eng ineering Conference”; The Pentagon , 14-15
December 1955.

b. Report , “Second Annual Army Eng ineering Psychology Conference”; Army Mcdi’.
cal Research Laboratory. Fort Knox , Ky., 7-9 November 1956.

c, Report . “Third Annual Army Human Factors Engineering Conference”; Quarter-
master Research & Engineering Command , Natick , Mass. , 2-4 October 1957.

d. Army Regulation 70-8 , “Research & Development , Human Factors Research ,”
1 Jul y 1958.

2. Sponsorship and Planning of the Conference.
a. The Annual Army Human Factors Engineering Conference is sponsored by the

Chief of Research and Development. Three such Annual Conferences have been previously
held , and are reported by references a , b , and c.

b. In accordance with reference d , planning for the Conference , as well as follow-up
of its suggestions and recommendations, is accomplished by a Human Factors Engineering
Committee. The Committee is composed of representatives of the Chief of Research and
Development (Chairman), each of the Army Technical Services , and the U. S. Cont1nenta~ Army
Command. -

7’d~$ )~ €~ ‘ci 1Z -
~~ Purposes of the 

- 
Cs..fes.e~ .—, ‘. .

provide direct interchange of information on human factors engineering among
personnel of Army development agencies , and between these and representatives of user
agencie, and other lifted Individual,.

J ~ - - / ‘ ‘~ rovide-~recornmendations and suggestions to be foUowedup by the Army Human
Factors Engineering Committee -(.ee-~b ’s~bove~’to assure exploitation of all opportunities for
improving man-machine compatibility in the design of Army materiel.

~~~ provide.~a Conference Repo;t which will serve as a useful and complete single
compendium of all Army human factors engineering research and development activities.

4. Presentations and Preparation of Conferee8:

a. Appendix 2 of this report was distributed to each conferee in advance of the Con-
ference as “Homework” materials. These materials summarize, for each Army agency hay-
tug a human factors engineering research and development program :

- i I Vitae of professional personnel engaged In human factors engineering activi-
ties In each agency.

II Current projects of each human factors engineering facility.

III Bibliography of human factors engineering reports published since the previous
Conference listing.
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b. Presentations, as contained in Chapter. III to IX of this Report , were planned
by the Human Factors Eng ineering Committee to be oriented around the central Conference
theme , “Army Mobility for Future Warfare . ”

5. Greetings were addressed to the Conferees by Lt Gen Ar thur  0, Trudeau , USA , Chief
of Research and Development as reproduced on page 3 following.

6. The Conference was called to order In the Post Theater building, Army Chemical
Center , Md., at 1030 hours on 9 September 1958 by the General Conference Chairman , Dr.
Lynn E. Baker , Army  Chief Psychologist.

7. The invocation was pronounced by the Reverend Lawrence H. Jongewaard , Major , U. S.
Army,  Post Chaplain , Army Chemical Center.

8. Major General Marshall Stubba, U. S. Army Chief Chemical Officer , welcomed the
Conference on behalf of the Chemical Corps as host of the Conference.

9. Brigadier General Harold Walmsley, Commanding General , U. S. Army Chemical
Center and Chemical Corps Materiel Command , then expressed the pleasure of his Command
in offering its services and facilities for the use of the Conference.

10. Major General John P. Daley, Director of Special Weapons , Office of the Chief of
Research and Development , then Introduced the keynote speaker , Lieutenant General Edward
T. Williams , Deputy Commanding General United States Continental Army Command. The
USCONARC presentations , by Lt. Gen. Williams and Cot. Ewbank , are contained In Chapter
II of this Report.
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O O T h E CH~~FOF RESEARCH AND O€VELoPMENT

18 August 1958

ME24ORANLI.JM F~~~: CONFERFXS, F(XJRFH ANNUAL AI*4Y HUMAN FACTORS
~ iGINEERING C(~4FER~ ICE

SUB.ThXT: Greetings to the Conference from OC1~~D

1. Since I an unable to be present for this, the fourth of the
Army ’ s annual Human Factors Engi neering Conferences , I take this mans
to convey to each of you my desire that you have an Inte resting and
instructive meting.

2. Your three previous annual conferences have abundantly
demonstrated their value to the Army. They have provided a most
effective interchange of information among technical services and
“user” agencies in desi gn of Army equI~mant for human use . They have
been instrumental in providing a number of recmndations for positive
actions to effect iniprovemant in Army research and development of such
designs. They have provided a convenient single annual susunary of ~ all
Army prograxnn bearing on man-machine compatibility. -

3. I take this opportunity to remind you that the nature of the
Army ’s mission in ~ar gives unique urgency to the compatibility of the
soldier and his weapons. In the Army, the soldier is typically not in
a Ship which is in battle; be is not in an &Irci’aft which is in battle ;
he is himself in battle directly, immediately, personally -- a tactical
entity of combat power. We imist , therefore, exert all efforts  to
assure that his tools or battle permi t him to exploit fully his talents
and his tactical opportunities in this situation .

~~~. For these reasons, as the Chief of Research and Development ,
I am pleased to sponsor the fourth annual Army Human Factors Engineer-
ing Conference and to wish you every success in your work. I join
with yours my thanks to the Chemical Corps and the Army Chemical Center
for their many courtesies extended as hosts of the Conference.

Lieuten~~ L General , USA
Chief oPIRe search and Developoent

3 
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II. KEYNOTE ADDRESS

1. “THE NEW MOBILE CONCEPT”

by Lieutenant Genera l Edward T. Williams ,
Deputy Commanding General

United States Continental Army Command

(1 General Will iams ’ add r ess , c lass i f i ed  SECR E T , cannot profi tabl y be re ndered in an
unc lassified paraphrase .  Propert y a uthorized individuals  or agencies may obtain a copy of
the full text by application to the Army Res earch Of f ice , A TTN: Human Factors R e s e a r c h
Division , The Pentagon . Washington 25 , D. C.]

2 . “THE APPLICATION OF USER GUIDANCE TO EQUIPMENT DESIGN ”

by Colone l K. H. Ewbank , USCONARC

General Williams has described to you the during my remarks  I will use the te rms
battlefield of the future , ernp hasizing the need “USCONARC~ ’ and “ Use r ” i n t e r c h a ng eably.
for increased mobility. He has further pointed The United States Continental Army Corn-
out some of the specific military require- mand has two rather distinct and easil y de- ti
ments for equi pment necessary  fo r the suc- finable missions in the materiel deve 1 opment
cessful conduct of modern mobile war fa re,  cycle. F i r s t , and prior to actual developm~ ..~ .

Organizing,  t raining,  and equi pping an USCONARC states the requ i rement  for an
army for this modern battlefield is a tre- i tem or sy stem and l i s ts  its necessary op-
mendous task requiring the combined ef for t s  erational and performance cha rac t e r is t i c s .
of our combat leaders , military technicians , And second , af ter  the developer has fabri-
and civilian industry. The job of developin g cated the hardware  which he thinks will
and supplying the equipment rests on the meet the requirement and characteristics ,
Arm y ’s tec},n ical services and industry. CONARC tests the item or system to deter-
Employing i t on the battlefield is the respon- mine if it is acceptable and suitable for  Army
sibility of the combat forces. The task of use on the battlefield.
insur i ng that these tools of war which we Human factors  are primary considerat ions
are developing meet the needs of the soldier in the accomplishment of both of these de-
demands the best e f for t  f rom all of us. velopmental missions. In the preparation of

Basically, the technical services supply a statement of requirement or of mi l i t a ry
the machines , and the combat forces  supply characteristics, the over- r id ing considera-
the men.  Together they must  provide a tion Is that the equi pment must  be controlled
man-machine combination which will insure by, operated by, and maintained by men. And
that we can achieve victory on the modern in the conduct of the user test , the objec tive
mobile battlefield, Is to determine the functional su i tabi l i ty  of

For the next few minutes I would like to the man-machine combination.
talk to you about how we must work together This fitting together of the man and the
to get this winning combination. I will not machine , s t a t e d  in its simples t  term s ,
dwell on past mistakes and er rors  or point shouldn’t be a particularly diff icul t  job; the
out how the technicians and eng ineers pro- develope r should be able to accompli sh it
duced certain gadgets which the soldier without much guidance or interference from
couldn ’t use ; or how the soldiers failed the user .  The scientis ts  and eng ineers  who
properly to utilize the equi pment which was desi gn and make the equi pment are aware ,
given to them. Rather , I will attempt to or certainly should be aware , of m an ’s
describe what we should do to prevent such physical and mental capacities and lirni ta-
mistakes  in the future.  Since I am a user tions. They know how much wei ght a man can
representative,  I will emphasize the role lift and car ry ,  how far  he can see , and how
of the user .  many dials he can twi st or levers  he can pull

The Commanding General , United States at one time. Great masses of anthropometric
Continental Army Command, has the respon- data and other such information have been
sibility for user representa tionfor  all battle- collected and compiled and should be avail-
field equi pment in the Army ’s Research and abl e to the developer and applied to his
Development system. For that reason , equi pment desi gn. In short , the scientist and

4
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engineer general l y are abl e to provide us with many of the more easil y re cogniced desi gn
man-m achine combinat ions which fit  and e r ro r,  which f r equen t ly  creep into our mil i-  - -

function properl y sande r the sere n e , con- tary equi pment , and the ea r li e r we recognize
trolled condition, which prevail  in the la bora- and corr ec t  such e r r o r s , the more  t ime and
to r i e s  and proving grounds.  money we will save. And both time and money

Un f o r t u n a t e l y , that is  not enough. Our ar e in short supply now and can be expected
battles a r e  not fo ug ht under  the conditions to be even s c a r c e r  in the f u t u r e .
which  prevail  here at the Army Chemical I believe we can all agree  that the use r
Center or at oIlier such proving grounds. mu st keep the developer  constantly awar e
Bat t les  are  fo ug ht amid condi t ions  of almost of the contemplated u se of the equ ipment.
i n d e s c r i b a b l e  con fusion and in locale, h ay -  But we are  st i l l  faced wi th  a ve ry  ser ious
in g the widest  extreme s of wea ther , cli mate , and compl i ca t ed  problem of how to do th is .
and  t e r r a i n .  And ba t t l e f i e ld  equi pment  is  It has a l read y been said  tha t  ba t t l e f ie ld .
o p e r a t e d  and main t a ined  by men who a r e  p resen t  a vas t l y complex condi t ion  wi th  wide
under the most  extreme menta l  and ph ysical  var iat ions of t e r r a i n  and environment .  And
.t ress . These f acts  g rea t l y com pl ica te  the beca u se of th is  com plex i ty ,  i t  i s ex t remel y
problem. It is these f a c ts  which give a ma jo r  d i f fi c u l t  to vi sua l ize  jus t  what  the c o n d i ti o ns
role to the m i l i t a ry u se r  in the desi gn phase  on f u t u r e  ba t t l e f i e lds  wil l  be. It is even mo re
of development , and domina te  the conduct  of d i f f i c u l t  to d e s c r i b e  this v i s u a l i z a t i o n  to the
the f i n a l  u se r  tes ts,  e n g i n e e r  in u n d e r s t a n d a b l e  and p rac ti ca l

If the u se r  s ta tes  h i s  r e q u i r e m e n t  and  t e r m s  w h i c h  can be app lied to equ i pment
p r e p a r e s  h is  m i l i t a r y  c h a r a c t e r i s t i c s  and des i gn.
then s i ts  back and w a i t s  fo r  the equi pment  It is d i f f icul t to .~ nd well q u a l i f i e d  person-
to be handed  to him f o r  u s e r  t e s t , he hasn ’t nd to r e p r e s e n t  the user  proper t y in g iv ing
done hi.  j ob. The u s e r  t e st , i f  p rope rly  g u i d a n c e  d u r i n g  the deve lopmen t  of i tems.
conducted , will reveal  any  d e f i c i e n c i e s  w h i c h  Thanks  to the coopera t ion  ~f Depa r tment  of
mi ght ex is t  in the man-machine  combina t i ~,r , .  A r m y  p e r s o n n e l  a s s i gnment  agenc ie s  we have
But that is too late.  Correc t ion  of such de -  been able to r e t a i n  many  of our  good m en - -
f i c i e n c i e s  at tha t  stage of d e v e l o p m e n t  is  both o f f i c e r  and en l i s t ed -  -in the materiel
cos t ly  and t i m e  c o n s u m i ng .  Exp e n si ’e  modi - deve lopmen t  f i e ld .  For  example , our  execu-
f i c a t i o n s  and eng i n e e r i n g  desi gn c h a n g e s  t i v e  o f f i c e r  in the m a t e r i e l  development .
mus t  be made. And r e t e s ting ,  in such  s e c t i o n , U S C O N A R C  has  had two t o u r s  with
i n s t a n c e s , is a lmos t  a lways  r e q u i r e d . The the A r c t i c  Tes t  Board- -the last  one as
u s e r  must  “get into the ac t ” e a r l i e r  and  Fr e s i d e n t - - a n d  be tween  those tours  spent
stay in it th roug hout the ent i re  p r o c e s s  of sli ghtly more  than a yea r  in the Materiel
development .  Deve lopments  Section , USCONARC . Many

The user  must keep the developer a w a r e  enl is ted men get repet it ive  tours  with boards
of t hese  complex b a t t l e f i e l d  condi t ions  at and s eve ra l  key civil ian empl o y e e s  have  been
all stages  of deve lopment .  He m u s t  let  the with the boards for  many  y e a r s .  This  g iv es
desi gn eng ineer , work ing  on h i s  ori g inal us much-needed  cont inui ty .  We also usually
d r a w i n g s , know with as much  a c c u r a c y  as are  given a choice of seve ral for  our  key
possible just  how , where , when and by whom jobs so that we can select the best qualified.
the  i tem is to be used.  And he must  cont inue General l y we fee l  that we have been v e r y
to provide such i n f o r m a t i o n  throughout all for tunate  in being able to get and keep good
of the  o the r  developmental  s tages , i n c l u d i n g  people in the ma te r i e l  deve lopments  f ie ld ,
the cons t ruc t ion  of mock-ups  and p ro to types  We also f i n d  that  short  school cou r se s ,
and the conduct  of t e chn i ca l  and eng i n e e r i n g  symposia, and c o n f e r e n c e s  such  as th is
t e s t s .  ln this  m a n n e r , with everyone  engaged a re  ve ry  valuable in improv ing  the educa-  - -

in the  deve lopment  of an i tem kept  a w a r e  of tion and backg round  of our people.
the  d e s i r e s  of the  u l t imate  u s e r , it wi l l  be A ppl y ing e f f e c t i v e  u ser  g u i d a n c e  to our
possible to e l iminate  many  desi gn e r ro r s  developmental  e f f o r t  is a v e ry  important
and othe r r e q u i r e d  c h a n g e s  in the  l a t e  stages m~i t ter  which  wil l  r e q u i r e  a great  deal of
of the deve lopment  cyc le,  cooperation and e f f o r t  on the pa r t  of eve ry-

Of course , all th is  wi l l  not e l i m i n a t e  the one conce rned  - both deve lopers  and use r s.
nee d for  final service test where in  the equi p- U se r s  mus t  supply well thoug h t -ou t , coordi-
men t  is m a r r i e d - u p  with s o l d i e r s  under  nated gu idance  which is  based upon known
s i m u l a t e d  bat t lef ie ld  c o n d i t i o n s .  Service bat t lef ield p r a c t ic e  and condi t ions but geared
tes t s  wil l  con t inue  to reveal  d e f i c i e n c i e s  and to f u t u r e  o r g a n i z a t i o n s  and concepts.  And
need f o r  desi gn modif ica t ion .  Dur ing  Fiscal  develope r s mus t  be so rece pt ive to such
Y e a r  1 9 58 , 22% of the item, tested were guidance that they are readil y willing to
found to be u n s a t i s f a c t o r y  for combat use, app ly i t  to the job they are  doing.
We hope to reach the time when onl y minor , Fo r the most pa rt , the developers are not
eas i ly  cor r ected de f ic iencies  a re  fo und dur ing onl y receptive to u v e r  guidance but they
user  se rv ice  tests.  Close r coopera tio n activel y seek it .  Eng- neers and technician,
between the u s e r  and the developer  throug h- represent ing our technical  services and
out development should eliminate a great  i nd u s t r y  seldom miss an opportunity to ask

5
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a combat soldier what he th inks  of all i tems Secondly, the developer  must call upon the
of eq uipment which they have under  develop- use r  f o r  specif i c gu idance  and e v a l u a t i o n  at
ment. And the soldier  never  fa i l s  to respond spec i f i c  s tages of d ev e l o p m en t  su l cO  as com-
to su ch an o p p o r t u n i t y  to speak his piece.  plet ion of eng i n e e r i n g  des i gn , f a b r i c a t i o n  of
But su ch gu idance , g iven  on the spu r of the mo c k - u p s , and  p roduc t ion  u i  p r o t o t y p e s .
moment , wi thout  c a r e f u l  s tudy ,  is dan ge rous .  However , o f f - h a n d  a n s w e r s  should not be
A lm ost a lways , the  opinion ex pressed  is soug ht at these po~nts in the deve lopment
bas ed en t i re l y u pon the adviser ’s personal  cycle.  Ra ther , specif ic  quest ion s sho uld be
combat  exper ience .  If he foug ht in the jun g le , asked and sp e c i f i c  desi gns  o f f e r e d  for  sc ru -
his views wil l  be colored b y jung le w a r f a r e  t iny  with  s u f f i c i e n t  t ime a l lowed for  tho roug h
con siderat ions,  If his expe r i ence  has  been user  coord ina t ion  of rep l i es .  If a confe rence
in the fa r  nor th , he may be und ul y concerned  is called for such a purpose , f u r n i s h  a de-
wi th how the item will  work at  be low-zero tai led agenda f a r  enoug h oh -ad of t ime to
t empera tures  while opera ted  b y a so ld ier  enable the con fe r ee s  to speak  with a u t h o r i t y .
wea rin g arct ic  mittens.  Seldom if ever will Don ’t couple a com plex q u e s t i o n  with  a de-
such off-ha nd op in ions  r epre sent a broad roand to “speak now or f o r e v e r  hold y o u r
back g round of expe r ien ce co upled wi th a peace . ” The proper a n s w e r s  jus t  don ’t come
thorough unde rstanding of fu tu re  concepts,  that  easi l y.
There fo re , desi gn modifications based upon You in your work  in human fac tors  eng i -
such “off the cu f f”  u se r  gu idan ce is u sele s s n ee r in g can a s s i s t  the u s e r  b y s e e k i n g  h i s
ar .d was teful , advise.  We have many  men , who throu gh

The poin t I have been t ry ing to get over their back g ro und of p rac t i ca l  e x p e r i e n c e ,
is this. Early knowledge of intended battle- can hel p in the desi gn of equi pment.  Often
field use is essential for the developer, the sergeant who works with equi pment
Ba ttlefield conditions are so comp lex an d dail y sees th ings  that you and I don ’t. For
variable that they are diff icult  to describe,  example , rece ntl y a se rg eant looked at a
No one individual , r egard less  of h is  expe - mock-up of a weapon and said that  the latch
rience and p rofessional m i l i t a r y  corn- wouldn ’t ra i se  in the space ava i l ab le .  He
pe tence ,  can provide complete use r  guid- was r ight  and the desi gn eng i n e e r s  we re - 

-

ance af ter  cursory  examination of a design wrong.
or mock-up or in rep l y to of f -hand  qu e s -  I spent last  week at the Army Ordna nce
t ions .  Missi le  Command rev iewing  the des i gn of a

I believe that these facts  are responsible new miss i le ,  The meet ing was mos t  p ro f i t -
for  a great  deal of use r -deve loper  conflict,  able f rom the point of view of both the de-
The u se r  is d i s sa t i s f i ed  because his wishes velope r and the user .  I be l ieve  that  the th ree
a re  not  re f lec ted  in the deve loper ’s product.  day mee t ing  wi l l  save a c o n s i d e r a b l e  amount
A nd the developer is f ru s t r a t ed  by his in -  of both t ime and money - t w o  v e ry  important
ab i l i t y to fi nd out pr ecisel y what the use r  commodities.
wants .  And the re is every prospect  of this I have been us ing  the te rm “user  guid-
situa tion becoming increas ingly worse,  The ance ” in a r a the r  genera l  sense , bu t in
modern , mobile battl e f i e l d , desc r ibed to you rea iiity  I have not been going v e r y  f a r  a f i e ld
b y Gene ral Wil l iam s, is fa r  more complex from the speci f ic  theme of th is  confe rence.
than the on e we experienced dur ing  World Use r  c o nsi d e r a t i o n s  in the development  of
War II and in Korea. And tactical organiza-  m i l i t a r y  har dware  are  a lr n o s t en t i r e lv h ur n a n
t ions  and conc epts are  constant l y chan gin g f ac to r s  cons idera t ions , Whe n we develop a
wi th the i n t roduc t ion  of new weapons sys- new piece of equ i pment , the u s e r  is con-
te r -s .  cerned with how many men will be r equ i red

- - aw  that I have stated what I believe to be to use it , how much t r a in in g the c r e w  will
a r a the r  ser ious  problem , I will pro pose re q u i r e , how di f f i c u l t  it wil l  be for  men to
some measu res  to be taken which will ma in ta in  it , how eas i ly  men ca n t r ans po r t i t ,
const i tut e a long step in the ri ght d i r e ction how qu ick l y men can put i t  in  a c t i o n  or take
eve n thou gh they may not be a comple te it out of act ion , and how ef f e c t i v e l y men can
solu t ion,  employ i t ,  For i n s ta n ce , we are not much

Fi rst , USCONARC must  ant ic i pate the concerned with the ba l l i s t ic  accuracy  of a
problems the desi gner will encounter and weapon f i red  f rom a bench rest  under  con-
m u s t  be prepared to f u r n i s h  him with de- trolled conditions. But we are  vitall y con-
tailed u s e r gu i dance , thorou ghl y s taffed and cerned with how accu ra t e l y a man can f i re
coo rd ina ted through co m b a t  development  it under  the variable condi t ions  of the bat t le-
a gencies , USCONARC boards , se rvice f ield.  We seldo m care how fas t  a vehicle
scho ols , e tc . ,  in th e same m a n n e r  as  is will go , but we do care how fas t  a man can
pres ently do ne with mi l i t a ry  c h a r a c t e r i s t i c s ,  dr i v e  it on the ba t t le f ie ld ,
U SCONARC must insure  that r ecommenda-  Increased fi repower of weapons and o ther
t i o n s  are conside red ca re fu l l y by those technological advancements  will undoubted ly
a genc ie s  t hat  a r e  q u a l i f i e d  to give sound reduce  the dens i ty  of men on the ba t t l e f i e ld
a nswers  to the developer.  This  of cour se  to reduce  vu lnerab i l i ty .  But we will never
is a USCONARC job. remove the need for  men to secure  key
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points  on the ground;  a n d  as the e f f e c t i v en e s s  Such coopera t ion , p a r t i c u l a r ly in t h e  ea r l yand comp l e x i t y  of ou r  equi pments i n c r e a s e s, des i gn st ag e s  of d e v e l o p men t , w i l l  e l i x u u i n a t e
ou r  r e l iance  on the a b i l i t y  of a [nan to em- many cost ly  and t i m e  c o n s um i ng  e r r u r s ,
ploy t hem a l so  i n c r e a s e s ,  The h u m a n  f a c t o r  The u s e r  m u s t  a n t i c i pa te  and p ro b l e m s
f rom t h e  u s e r  s tand po in t  r e mai n s  a mos t  c o n f r o n t i ng  the d e v e l o p e r  and  be p r ep a r e d
impo r t a n t  fa c t o r , In sho rt , what  I have said to f u r n i s h  h i m  wi th  t i m e l y  a d vi c e  and guid-
a b o u t  app l y i n g  u s e r  g u i d a n c e  to the des i gn of ance  as to the con templ a t e d  use  of the  equ i p_
m i l i t a r y  e q u i p m e n t  is p r i m a r i l y c o n c e r n e d  men t  u n d e r  d c -  t-i prm- r u t .
w i t h  ip p l v i n g  the h u m a n  f a c t o r s  to the The d e v e l op e r  m u s t  be r e s p o n s i v e  t i
e q u i p m e n t  des i gn. That , of course , is a the r e q u i r e m e n t s  of t h e  u s e r  and  be k ep t
miss ion  of the t echn ica l  s e r v i c e s  as the fu l ly  a w a r e  of chang ing  ur s i d er a t i o ns  and
d e v e l op e r ,  concepts .

In sun-u -n a r y ,  I b e l i e v e  tha t  the  u s e r  and And  if t h e s e  t h i ng s  a r e  done , the  combat
d e v e l op e r - - t h a t  is , the f i e ld  soldier and the f o r c e s  and the  t e c h n i c a l  s e r v ic e s , w o r k i ng
t e c h n i c i a n - - m u s t  work  t o g e t h e r  c o n t i n u o u s l y t o g e t h e r , wil l  be able to p r o d u c e  a m a n -
and c lo se ly  t h r o ug hout  the  deve lopment  c y c l e  mach ine  combina t ion  w h i c h  will  assure
of a l l  m i l i t a ry  equi pment,  v i c t o r y  on any b a t t l e f i e l d.

3. ANIP FILM PRESENTATION

[As appropr i a t e l y compl e m e n t a r y  to the f ut u r e  m i l i t a r y  v e h i c l e s .  Dr . W i l l i a m  E.
above U SC O N A RC  p r e s e n t a t i o n s  a f i l m  re -  F ed e r s o n , of Bell H e l i c op t e r  C o rp o r a t i o n ,
p o r t  of the  \ r i n y - N a v y  I n st r u m e n t a t i o n  Pro-  was i n t r o d u c e d  to the C o n f e r e n c e  b y the
g r a m  (A N 1P )  was  p r e s e n t e d  b y the  U. S .  A r m y  C h a i r m a n  as r ep r e s e n t i n g ,  and a v a i l a b l e  to
Si gnal Corps .  The f i l m  d e s c r i b e d  the d e v e l op -  a n s w e r  q u e s t i o n s  on , t h a t  C o rp o r a t i o n ’s
men t  and poss ib le  app l icat ions of the concept  ove r -a l l  m o n i t o r i ng  r e s p o n s i b i l i t y  f o r  the
of a “t e r r a i n  ana logue ” for  the p r e s e n t a t i o n  AN IP  proje ct,I
of i n f o r mat ion  to opera tors  and p i lo t s  of
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III. U.S. CHEMICAL CORPS PRESENTATION

by Lieutenant Colonel Wi l l i am G . Wi l iman , CmIC
Assistant to Deputy Chief Chemical  Officer  for

Scien t i f i c  A c t i v i t i e s

The p ap e r s  p r e s e n t e d  b y U S C O N A R C  at eng i n e e r i n g  t e s t , p r o d u c t  eng i n e e r i n g ,  .~nd
t h i s  C o n f e r e n c e  make it c l e a r  t h a t  i n c r e a s e d  f i n a l  m a s s  p r o d u c t i o n  ph a s e s , l e ade r sh ip of
b i t t i - f i e l d  m o b i l i t y  wi l l  p rov ide  a m e a n s  of t he  g r o u p  pa s se s  to the m e m b e r  p r ima ril y
su :~c e s sf u l l y  c o n d uct i n g  a l i m i t e d  w a r  and c n c e x - rm ed w i t ~ t h a t  p a r t i c u l a r  ph a s e .
t h u s  m i n i m i z e  I l e  o p p o r t u n i t y  of h i v i n g  a Last  w i n t e r  the  C h e m i c a l  Corps  decided
l imi ted  c o n f l i c t  e x pan d  i n t o  an a l l - ou t  w a r ,  to c o n d r u i  t an e xp e r i m en t a l  s e r i e s  of s emi -
I t  shou ld  be noted , h o w e v e r , tha t  in the n a r s  to i n d o c t r i n a t e  these  p r o j e c t  eng i n e e r s
a t t e na nt  to des i gn m o d e r n  weapons  s y s t e m s  in  the  f u n d a m e n t a l  p r i n c i ples  of h u n - a n  f a c t o r s
w i t h  i n c r e a s e d  m o b i l i t y , it i s  mos t  l i k e l y en g i n e e r i ng .  T h e s e  s e m i n a r s  were  m o n i t o r e d
t h a t  the comp l e x i t y  of the equi prn~ nt will  be b y h um a n  f a c t o r s  e n g i n e e r s  f r o m  i n d u s t r y
i n c r ea s e d .  A n y  i n c r e a s e  in compl e x i t y  and  e d u c a t i o n a l  i n s t i t u t i o n s  a n d w er e  in tended
c r eat e s  se ve r e  o p e ra t i o n a l  and  m a i n t e n a n c e  to deve lop  a p p r ec i a t i o n  of h u m a n  f a c t o r s
p r o b l e m s  for  the p e r son n e l  who t r e  r e -  eng i n e e r i ng .  It  i s  d i f f i c u l t  to a s s e s s  all of
q u i r ed  to use  t h e s e  w~~ap ons  sy s t e m s  e f f e c -  the b e n e f i t s  of t h i s  course , but t h e r e  has  —
t i v e ly .  been a d e f i n i t e  a w a k e n i ng  and  a w a r e n e s s  of

There  a re  at l eas t  two w a y s  in w h i c h  t h i s  the  p r o b l e m s  and t h e r e  has  been some f e e d -
prob lem could be so lved . F i r s t , m o r e  back in the fo rm of suggest ions  for  r e sea rch
emph a s i s  can be p laced  on the  s e l e c t i o n  of p r o j e c ts  tha t  would p r ov i d e  data bene f i c i a l
t he  pe r sonne l  wh o will  ope ra t e  and m a i n t a i n  to the d e s i gn eng i n e e r s .  De ta i l s  of th i s s e m i -
the  equ i pmen t  and m a t e r i al s  w h ic h  make  up oar  s e r i e s  will undoubtedl y be covered  e lse-
the weapons S y s t e m s .  The s t a n dar d s  f o r  w h e r e  in t h i s  C o n f e r e n c e .
p e r s o n n e l  s el e ct i o u  can be r a i s e d , w i t h  a B a t t l e f i e l d  m o b i l i ty  n e c e s s i t a t e s  c o n s i d —
c o r r e s p o n d i ng  i n c r e a s e  in the  a m o u n t  and  er a t ion  of simpl i c i ty  of i t ems , mult i purpose
q u a l i t y  of the t r a i n i n g  t h e s e  se l ec t ed  p e r-  i t e m s , c o mp a c tn e s s , and c a p a b i l i t y  to o p e ra t e
sunnel  are subjected to. The second  so lu t ion  in a w ide  range  of e n v i r o n m e n t s ,  I tems must
would  ue to s implif y the equi pment  or i n -  be li ghtwei ght , cons t ruc ted  and packed f o r
c o r p o r a t e  the max imum d e g r e e  of h u m a n  roug h h a n d l i n g ,  easi l y a s s e m b l e d , readil y
fa c to r s  eng i n e e r i ng  into the weapons  s y s-  m a i n t a i n e d  and r e p a c k e d  f o r  r e s h i pment.
tems so tha t  l e s s  hi ghl y s e l ec t ed  p e r s o nn e l  The Chemical Corps has been c o n s i d e r i ng
with a min imum of t r a i n i ng  would be capable  these  f a c t o r s  in the  desi gn of new i t e m s  f o r
of o p e r a t i n g  them ef fec t ive ly. use  in mobile w a r f a r e .  Some of them will be

To decide  on which p rocedu re  to follow is  enumera ted  he re  fo r  the dual purpose  of in-
not easy .  Probab ly  a middle  road shou ld  be fo rming  the con fe rees  of the i t e m s  in de-
fol lowed and we should do both , but s ince  velopment , as well  as some of the hun-an
se l ec t ion  and t r a i n i ng  of e q u i p m e n t  op- f a c t o r s  eng i n e e r i n g  p rob lems  involved  in
e r a t o r s  are  not the p r i m a r y  cons ide ra t ions  t he i r  development .  Desi gn prob lems  are
of thi s Conference, they will , f o r  t h i s  reason cons ide rab ly aggr avated by envi ronmenta l
only ,  be co ns ide red  as having a secondary changes. Many problems in desi gn were
role,  solved so that the equi pment was adequa te

At the expense of appea ring contradictory,  for  temperate zone operations and mainte-
it  is admi t t ed  that  educat ion  and t r a in ing  i s nance. These same i tems when tes ted  under
an i m p o r t a n t  tool in developing  a gr e a t e r  t ropical or  a r c t i c  cond i t ions  were  found to

— apprec ia t ion  and use  of human  f a c t o r s  eng i-  be unsu i tab le  fo r  use due to the l i m i t a t i o n s
n e e r i n g  in the conduct  of research  and de- and res t r i c t ions  on human capabilit ies in
ve loprnent p rograms .  The Chemical Corps those  envi ronments,
uses  the project  eng inee r s y s t e n -m i n a d m i n i s -  Arc t i c  and trop ical environments  often
t e r i n g  i ts research  and development pro- resul t  in an aggravated  e f fec t  of temperature
gram.  Br ie f ly ,  thi s system consis ts  of estab- on both the equi pment and the operators .  For
lishi ng a group comprised of a development example , exposure  to s e v e r e  cold may evoke

- - - eng in eer , a product ion eng inee r , and an a profound  autonomi c reac t ion  on the m di -
i n d u s t r i a l  eng inee r  as a s t e e r i ng  commit tee  vidual  ope ra to r  and in add i t ion  adverse ly
fo r each end i tem being developed. As the  a f f e c t  the ope ra t i on  of the equi pment  which
development progresses through prototype he must ope ra te .  (e .g. : E l 3  Mask,)9
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FlUENT DEVELOPM EN T5 of t~s name thrower was ~.du ced fr om 74.~

povnd. to 49.~ pounds ; and in addit ion , the
In the field of radiolo gical d.t.ction , the length of the pit was ehange d f rom 30 inches

Chemical Corps t. develop ing a Tact ical to 21 inches. Human eng ineering tests  con-
Dostmne te r , ES , to measure the amoun t of duct ed showed that v*lvu gri p and t r i gger
radiation to which a person may have b .n  posi t ioning of the M~ Gun is •upe rior , in
exposed. It is easil y read vequirin ~ no te rms of ease of operation, to the posi t ioning
measuring equi pment , can be cary iedb y each of the corresponding compoaents of the M 2A I
soldier and will be par t icular ly  useful to Gun. Desi gn of the M7 Gun iu such that the
troop unit S in r ap idl y moving situat ion. , I gnition l eve r  and i gnition sa fe ty  l ever  can
(FILM ] be op.~ aPe d with ease in the A r c t i c  with  the

To assure  positive identif icat ion of the operato r w e a r i n g  g loves .  [FILM ]
more toxi c agents in the least possible time , The Ch emical  Corp . , in h a r m o n y  wi th  the
the Chemical Corps is developing anexpend- theme of ba t t le f ie ld  mobi l i ty  and f l e x i b i l i t y ,
abl e G and V agent detect er ,  The expendable has developed a mechanized flame t h r o w e r in
a gent detecter will operate on a color- kit form for A U V / A P C  class  v e h i c l e s .  The
chan ge p rinci p le , and will imnmed tatel y m di- Flame Thrower Kit , E3 1-3 fm , i s  s p e c i f i c a l l y
cate the presence of G and V agents. The desi gned for ins ta l la t ion  in an M59 a rn-,o red
ex pendable agent detecter will provide the infantry vehicle ;  but may be i n s t a l l e d  in o t h e r
soldier in the field with  an extremely small , ty pes of vehic les  having a comparable space
li ghtwei ght detection devi ce , which will fu r -  and fac i l i t ies .  F o r m e r l y ,  obso lescence  of the
nish timely warning  against G and V agent vehicle usua l ly  resulted in obso lescence  or
attack during the day or nig ht. The detect ion modi f ica tion of the flame t h row e r .  I n s t a l l -
d e v i c e  will be in the na tu re  of a small patch , t ion of the kit  on a veh ic le  requi res fou r
not over 0.5 ounces in wei ght , an d will be men - 4 - 1/ 2  hours .  [ F I L M ]
d i splayed on the individual soldier or oem the In the field of mun i t i ons , h u m a n  f a c tor s
equi pment so that it will be readily visible engineering is a1~o involved, A typ ical
to the wearing individual and others in the example of th i s  is i l l u s t r a t e d  by the E5
immedia te  vicini ty.  It  is contempla ted that Chemical Land Mine. This mine must be
the device  will be avai lable  to t roops on the readil y d i s t ingu i shed  f:om the s t anda rd  H E
same basis  as the p r o t e c t i v e  mask,  Ordnance mine when planted in the gr o u n d .

Since  the G-a g e n t s  g ive l i t t le or no s e n s o r y  Human f ac to r s  eng inee r ing  resulted in a
w a r n i ng  of t h e i r  p r e s e n c e  which could warn desi gn which provided  f o r  small pro j e c t i o n s
personnel  to mask , the Chemical Corps i5  on the top su r f ace  of the mine .  These
deve loping a mina tu r i zed  Automat ic  Field pro jec t ions  permit  easy  i d e n t i f i c a t i o n  t h roug h
Ala rm , E4 1. The al a r m  will  operate cont in -  ta ctual appl i c a t i o n  of the f i ng e r s  ove r the
uousl y f o r  a4 hours  and is capable of operat- mme. Another f ea tu r e  is  the c a r r y ing  handl e
ing while  being c a r r i e d  by an individual .  The which wa, desi gned to pe rmi t  a so ld ie r  to
minatur ized alarm is  being developed to re-  c a r r y  the mine with one hand.  To i nco rpo ra t e
place the Alarm , Field Automatic, # 2 1  which thu feature , it was  n e c e s s a r y  that  the handl e
is r ela t ivel y lar ge and heavy,  wei ghing ap- be completel y recessed within the outer
pro imatel y 100 p ounds  inc lud ing  the wei ght peri phe ry  of the mine so that  it would not i n -
of the ba t t e r i e s .  [ F I L M ]  t e r f e r e  with mechanica l  pla n tln g . [F IL M  ]

Successful  use of the portable flame thrower  Continuing in the mu n i t i o n s  f ie ld , t h e
M2A 1 in World War  II established the im- Chemica l  Corps  has  s eve ra l  rockets  involv-
portance of the weapon in the arming of iri g human eng ineer ing .  Typical of the se are
combat troops. However , ex perience m di- the T238 Gas Rocket  and the E42 I n c e n d i a ry
cated the need f o r  a new , li ghtwei ght , port-  Rocket .  The T238 Rocket  is  a g r o u n d-t -  - -

abl e weapon. During the Korean confl ict  ground rocket  system for use ag ai n s t  a r e a
ba ttle f ield expe r ience  r ee mphasi zed the need targets  for optimum dissemina t ion  of chemi -
f or a li ghtweight por table f lame th rowe r that cal agents. The rocket  was designe d so t h a t
would replace in part or supplement the all components of the rocket system , includ-
r e q u i r e m e n t  for the s t anda rd  M2A 1 model. ing the launcher , a re  man por table .  The f i l l e d
To meet this  re qu lr em e n t th e  Chemical Corps rocket is  about 75 i n c h e s  long and wei ghs
de veloped and s t anda rd ized  Flame Thrower , 66 pounds. The launche r i s  adaptable  fo r  use
Portable , One-Shot , MS . The MS Flame ei ther  on the ground or fr ~~m the  bed of a
Thrower  provides the u s e r  in the f i e l d  wi th  t ruck .  [FILM ]
a li ghtwei ght weapon t h a t  can  be eas i l y The E42R 1 I n c e n d i a r y  Rocke t  i s  a
c a r r i e d , operated and qu i ck l y d i sposed  of t o -g ro u n d  rocke t  sy s t e m  for  use a g a i n s t
by one man. ( F I L M ] i n c e n d i a r y  t a rg e t s  and camouf l aged  ar e a, ,

F u r t h e r  i n v est i g a t io n  conduc ted  in the  The i n c e n d i a r y  rocke t  expands in range  and
f l ame  t h r o w e r f ie ld  r e s u l t e d  in the d e v elo p_  use the  s tanda rd flame t h r ow e r weapon  svs-
m e nt  of a mu lt i s h o t  replacement  (P o r t a ble  tems,  The e n t i r e  sy s t e m  i s  a p p r o x i m a t e l y  70

L Flame T h r o w e r  G r o u p  A s s e m b l y E 3 2 R 1  w i t h  i n c h e s  long,  8 -5 /5  i n c h e s  in d i a m e t e r , and
M7 Gun)  f o r  the ‘.12-l i F l ame  Th rowe r with a wei ghs  about  68 p o u n d s .  The in c e nd i a ry
reduct ion in wei ght and s i lhouet te. The wei ght rocke t  i n c l u d i ng  l a u n c h e r  i s  e a s i l y  ‘rans-
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portable , and can be readil y assembled in and chemical a ttac k s on small isolated unit .
the field. One of I ts features Includes economy will be detected b y scanning devices which
In manufacture. (FILM] will involve In fr a r e d  unit.. The se devices

For concealment of paratroop jumps and will be follow up developments of cur present
other combat operations , the Chemical Corps chemical Infrared detector . (FILM I
I. develop ing a new type of smoke screen. Finall y I would like to tefl you about how
The new method Involves a smoke spray tank the Chemi cal Corps propo se. to provide
carried in an airplane , producing a cloud chemical and biological agents I n the hi ghl y
free of the gaps common to other smoke mobile warfare  of the future when fixed
screens. [FILM] installation. , manufacturing plants , and

depots will be hi ghly vulnerable to enemy
LONG RANGE PLANS attack. We are exploring the possibility of

manufacturing and filling facilities In mobile
units which could be dispersed and provide

We have just reviewed some typical items diffi cult t. r gets f’,r the enemy to locate. In
In the current research and development addition they coul d be moved close to the
program and have noted human eng ineerin g point of use thu. minimizing the logistic
problems related to each Item. 5efor e cb s- problems Involved in transp orting toxic
ing we mi ght take a brief look at the Chemical agents normall y manufactured In Zone of
Corps ’s long range program with particular Interior facilities. (FILM ]
emphasis on the specifi c areas which will In conclusion, every effort I. being made
have an impact on the mobility of the Army to orient the research program to the type
of the future , of warfare and the type of Arm y organ iza-

First we shoul d consider the subject of tion which will be on the battlefield beyond
protection of the Individual soldier as well 10 years from now , Such an Arm y will un-
as the small combat unit against chemical , doubtedl y depend on mobility for Its continued
biolog ical , and radiolog ical attack. Our re - existence , since the enemy will have the
search program is oriented toward develop- means to annihilate any collection of troops
Ing a small , expendable , li ghtweight protective which It I , capabl e of observing and zeroing
mask for the Indivi dual soldier which will In , This obviousl y requires unconventional
have essentiall y the same protection as that thinking In determining the type of equi p-
of the present heavy, cumbersome , breath- tu ent and weapons systems that will be needed
ing-resistant , conventional mask. The m di- In such an era. I want to stress again the
vidual soldier will wear environmental cloth- urgency we see in having sound research
Ing which will protect against all toxic towards carefull y defined objective. , coup led - 

-~battlefield hazards. Each Individua l will be with a system by which breakthrough. in
equipped with detection and alarm devices resear ch can rap idl y be exploited throu gh
which will be smaller, simpler , and more development of hardware. The many things
easily manipulated than those currently in that ar e necessary in development , Including
development. There will be required simple , thorough and complete human engineering,
lightwei ght collective protectors adap table must be done at the earliest possible point
to vans , room s, dugout ., and the like , which In the development program. We must find
will provide cases for troops operating In means by which our human engineer. can
toxi c atmospheres. Here they may get relief a.sist in expediting development and the
by removal of masks for eating, smoking, provision of superior materiel to the using
and personal comfort. Impending bIolog ical services,

11
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IV. U.S. ARMY MEDICAL SERVICE PRESENTATIONS

1. “DECREMENTS IN DRIVING SKILL AS A FUNCTION OF
CUMULATIV E ENVIRONMENTAL STRESSES”

by
Marvin I. h erbert

USAMRL, Ft. Knox, Ky.

The keynote of this conference I. mobility and skill required of fi ghting men In modern
In modern warfare.  The old maxim of getting warfare forces the eng ineering psychologist
to the objective “flrs test  with the mostest ” to question his progress in preparing the
now takes on a “new look” with emphasi,  on man for  the machine.
“firste st !” We sometimes overlook the fact that in
A look at today’. armament Is sufficIent most instances the capabilities of the ma-

to convince us that speed and maneuverabil- chine may be vitiated or negated by the in-
Ity are prime engineering objectives. We effectiveness of the operator. Thus, in
see our tracked and wheeled vehIcles sup- reference to mobility , we are forced to recog-
plied with greater  power and adapted to a nize that our equipment I. geared to a more
greater var ie ty  of terra ins  - some not lim ited or less effec~t lve human operator. Any factor
to land activity alone , but adapted to water or that contributes to poorer human perform-
air t ravel as well . It requires no great im- ance, reduces mobility.
agination to foresee the day when special One of the princinal agents in the Impair-
vehicles will be equall y “at home ” on the ment of human perfo rmance is the breakdown
land , in the ai r , and on the water, of motor skills under the influence of con-

Yet,  more im pressive is the progress  of t inuing environmental stresses.  The more
the engineers In the design of fly ing equi p- Intricate the skill the fewe r s t ressors  and
ment to give us grea te r  flexibilIty, speed, the shorter the st r eus  period necessary to
and mobility in the positioning of military produce performance decrement. At Fort
mate r ial s and personnel. In Worl d War H Knox we have begun an extensive research
the cargo plane and the paratrooper teamed program on complex psychomotor functions.
up to produce the newest  thing In a fluid and Our initial efforts are being directed to the
quick-s t r ik ing attack force. In Korea the problems of skill-fatigue In vehicle driving
helicopter came into Its own as a versatile and the identification of basic skills under-
ins t rument  fo r  supply, reconnais san ce , and lying the driving task.
personnel evacuation . Today the helicopter Traditionally, the condition of pe rio rrnance
appears in many forms ranging from the dete rioration as a function of long exposure
gian t ca rgo and personnel ca r r ie r s  to the to environmental s t resses has been viewed
one-man ‘copter and the flying platform , as fati gue of the physiological type found in
enabling us to add offense as another facet hard physical labor. So-called “sensory
of its versatili ty. In the war of tomorrow, deficits” associated with long exposure to
each fi ghting man will be a miniature army physical stimuli are a lsofrequentl y explained
possessing his own nuclear weapons and a on purely physiological gr ounds . It i sdlsturb-
means of transportation which will allow hlm ing to recognize these tendencies when one
to c i rcumvent  most land and water barr iers ,  considers the fact that in neither of the two
He will be extremely dependent on radio most widely cited “driver  fati gue ” studies
con-mrrmunicat lon , for the command of which reported in this country were they able to
he as a part will be greatl y dispersed , by demonstrate the physiological changes pre-
present standards , and will flow in and out of dicted.
a l ine  of battle coverin g hund r ed. of miles. Our research orientation will indicate that

Since he and his unit will be in a constant though we recognize physiological breakdown
state of flux , it will be necessary to set up to be of primary importance In the explana-
large numbers of small mobile supply base. tion of fati gue following hard labor , we be-
which will be shuttled around to conform to lieve that in the case of the more complex
eve r-changing “front” lines , yet remain psychomotor skills , performance decrement
ready to supply the needs of men and ma- will be essentially due to several psycholog-
chines .  ical factors.

The present  and growing emphasis on the Ba rtlett’s views on the problem are in
importance of speed and flexibility in equi p- accordance with some of our beliefs. He
rnent and the greater responsibility, stamina , states , “One must  distinguish between the
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type of fati gue produced by protracted hard primaril y if not exclusivel y. UntIl he can
phy sical eff o rt and that which  calls fo r  little execute the necessary coordinated move-
continuous muscular reaction but demands ments without particular attentloT. to the
persistent concentration and a high degree acts themselves , h i s  pe rformance will not
of skill. Complex , coordinated , and accu- be skilled. When he does reach th i s  level ,
ratel y- timed ac t iv i t i e s , ra ther  than simple his  at tention can be pre t ty  fu l l y d i r e c t e d  to
repetitive movement must fit in with one the external stimulus patterns. “ l
another , each bein g a c c u r a t e ly timed to beg in Skill decrement  will appear w h e n ev e r  an
and finish without interference by others. ~)ne event revivifles the l e a r n e r  confl ic t  th roug h
essential feature is that although the desired the processes  of i nc reas ing  the number  or
skill can be performed , it Is not carried out strength of internal stimuli , o r dec r eas in g
cor rect ly  unless  p a r t i c u l a r  care is taken,” the number or s t reng th  of ex te rna l  s t imul i .

H e la t e r said: “The individual responds When either of these occurs  the internal
to a constantly chan ging environment , which stimuFe ’s ~.tttern naturall y comm a n ds  th e
cannot be defined in terms of its separate performer ’s a tten t ion  gu a r a n t e e i ng a f u r t her
elements.  The va r ious  stimuli form a patte rn , reduction In the perception of external
within which their  arrangement  and value stimuli, and crea ting the necessa ry  ante-
may change without Interfer ing with the cedents for  the appearance of the pr imi t ive
general situation, A skilled operator responds and unskilled response sys tems  which were
to coordinated stimuli and learns to set up always associated with the attention to
standards or limit, within -which each sep- Internal stimuli.
arate stimulus may vary without requir ing a Just  as we share Bartlet t’s views on
response. Since there Is a meaningful rela- “ skill fati gue ” so too do we agree with him
tionship among all stimuli, any response is when he states the great need for instru-
conditioned by simultaneous indications from ments which are sensi t ive  to it.
all of them, In ‘skill fati gue ’ the standa rds In 1950 , Welford , B rown , and Gabb pro-
accepted and followed by the central nervous  posed a set of princi ples to be followed in
system unwittingly deteriorate. WhIle one designing tests sensitive tc ‘‘skill fatigue”
thinks that performance Is Improving, It be- as Sir Freder ick  defined it. They sti pulated
comes progressively poorer. At f i rs t  it Is that: (a) the operator must be given a task
more likely that the ri ght actions will be set in a pattern of serial performance in-
perfo rmed at the wrong time than that the volving a sequence of interrelated move.
wrong ones will be made. But if accurate both mental and bodil y ; (b) the performance
timing is insisted upon , gross mistakes may must Involve continued exercise , the l imi t s
appear , the stimulus field splits up, and the of continuation being determined empirical ly ;
characteris t ics  of its pattern alter. It be- (c)  In the most si gnificant ca.es it appears
comes a collection of unconnected si gnal s for that the start ing si gnal s of the pe r fo rmance
action , with some predominating over others. have some element of ambi guity which be-
Those stimuli which are in the margin of comes progressively less and less as per-
the pattern and not too closel y organized formance continues. That Is to say, the op-
with the central f ieldare ignored or forgotten, erator can begin in more tha n one of a known
and impo rtant responses may be omitted.” number of ways, but as he moves to the

Our observations of driver behavior on completing stage of any cycle of manipula-
tests desi gned to reflect skill decrement tion the ‘‘open” possibilities become fewer
convince me that Bartlett ’s anal ysis is and ever.tually only one-way mani pulation is
correct as far a. it goes. One must now ask possible, (d) scoring must yield some
the question , “ What is the mechanism that measure of over-all performance but also
forces the skilled performer to commit some measures of the incidence and espe-
errors , tolerate greater error , an d lose d aily the timing of contributory item s of
his timing ?” performance. The criteria will have to do

A possible answer to thl squest ionoccurred with the relation of over-all measures  to
to me when it became evidence that many the number and timing of internal Items or
“tired” drivers performed more like moves of manipulation. Whatever the form
“learners” than as skilled personnel, such measures may take In par t icular  cases ,

I would like to propose that the mechanism fatigue will always be indicated by some
operating in skill decrement is that of reduction in the internal economy of per-
regression. Due to an alteration in the formance relative to the final level of
stimulus patterns , the ope rator unwittingly achievement.”
Is forced to employ more primative , less We have attempted to follow these prin-
skilled responses, more nearly (but not ciples in desi gning a number of dr iving
exa ctl y) like those of the learner, situation tests in the field, These have had a

(
‘T’sugge.t that the acquisition of a moto r preliminary run at the Yum a Desert  Test
skill is complete when the perfo rmer reaches Station and are now unde r construction at
the stage of practice where he no longer is Fort Knox to be ready for use in September.
In conflict ai to which pattern of stimuli-- Our initial wo rk at Yuma consisted of the
the internal or external--he must attend design and construction of tests which would
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b. sensitive enoug h to detect differences in mfnt, foot coordinatIon, parallel park ing.
vehicle manipulation of subjects exposed to two varieties of backing, t r a c k i n g ,  and gross
vary ing hours of cross-country driving. E.m- ad justment.
ploy lng “hours-of -driving ” as the criterion , Our research  program proceeds along four
the several test measures  we re validated and Interdependent path.~
their reliabilities determined , For the m di- 1. The Ident ificat ion of basic ta ct o r a In
vlduaj mea.ures , validit y coefficients ranged var ious motor skills , and a search for fac tors
from .18 to .38, Rel iabi l Ity  ranged f rom .35 common to all.
to .88. A com posite score based on four  of 2. Desi gn of test instruments which will
the fif teen measures employed yielded a be sensi t ive to variations in motor .kill
validity coefficient of .42 and a rel iabi l i ty  patterns.
coefficient of .96. A facto r anal ysis was 3. Measurement of the stresaf ulness of
employed in an effort  to identif y basic eta- several envi ronmental factors .
ments underlying driving skill. Seven factor .  4, Search for techniques and devices to
have been tentatively named: spatial jud g- reduce or delay the onset of skill decrement,

2. “VESTIBULAR FUNCTION S IN ANGULA R ACCELERATION”

by
Dr. Fred E. Guedry, Jr.
USAMRL , Ft. Knox, Ky.

A highly mobile mil i tary unit will nece.- canal s and a utricie. The canal , contain
saril y involve means of transpo rting person- sensory endings which detect angular accel-
nel and equIpment rapidl y from one area to erations. The utrlcle contains sensory end-
another. Such means of transportation may Ings which detect linear accelerations.
involve more than usual exposure to linear The canal. contain afluidcafledendol ymph
and angular acceleration which in a few and each canal has a swelling at -ne end
individuals produces complete incapacitatIon, called the arnpulla. Within the ampulla Is a
In some Individual s vomiting, in others feel-  gelatinous-like projection called the cupula.
tug. of nausea and tiredness , and in .till A considerable amount of research has m di-
others littl e or no apparent effects.  cated that the cupula-endol ymph system

There are a number of things which can be r espond . to angular acceleration like an
done about such problems. First, individual s over-criticall y damped torsion pendul um ,
who are abno rmally di sturbed by angular with the elasticity of the cupul a supplying
and linear accelerations can be selected in the restoring couple. Furthermore , It is
advance and eliminated. Second, dru gs and fa irl y well establ i shed that the set of canal s
training can be administered to alleviate which lie most nearly In the plane of rota- —

some of the symptoms. Third , certain kinds tlon are the canals which are maximally
of situation, which a re  particularly trouble- stimulated.
some can be avoided. With these considerations in mInd , let u.

All of these preventive measures , if ta ey consider what happens when a person simply
are to be maximally effective , demandknowl - tips hi. head while riding in some vehicle
edge of the physiological mechanisms In- which i. turning, particularly a vehicle which
volved during unusual exposure to linear is turning at a constant rate. If we assume
and angular  acceleration., that the individual is sitting upri ght and

The vestibular system is a very sensitive ro tating toward his ri ght shoulde r at a
detector of linear and angular  accelerations, constant rate , when be tip. his head toward
It is a system of sense organs uniquel y his left shoulde r , he will feel as thoug h he
ada pted to init iate sensory infor mat ion and I. tumbling forward. However, his expe-
compen satory reactions In response to angu- rlence is confusin g beca use hi. experienced
tar  and linea~’ accelerations of the head , rate of tumble somehow seems to be In-

Recently the vestibular system has re- compatible with the experienced angular
ceived added attentlO’n because of anticipated displacement from vertical.
problems in manned earth satellites and The point to be made here Is that the
space travel. Thi s somewhat unusual means vestibu lar system ha. been stimulated in
of transportation Is expected to produce a very unusual manner; I.e. , the so-called
either wei ghtlessness or continuous rota tion , “Co r ioli. ” accelerat ions, When the person
either one of which will constitute a very tips his head toward his left shoulde r he
unusual stimulus situation for the vestibular brings the verti cal canal s Into the p lane of
system. rotati on. Thi s approximate. a situation in

The vestib ular end-organs are located the canal s which would normally be pro -
in the tempo ral bone. They are the non- duced only by a rap id forward tumble throug h
auditory sense or gans of the Inner-ear, a considerable ang le. However , the direction

Each inner ear contains three semicircular and rate of disp lacement of the otolith . does
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not correspond with that which would be and the head movement , the direction , total
produced by the direction and rate of tumble disp lacement , and velocity of the head move-
whi ch is signalled by the canal.. In other rnent , the distance of the head fr om the center
words , If a persov’ had actually tumbled f o r -  of rotation , the or ien ta t Ion  of the bod y with
ward , th e canal sys t em and the utr icu lar res pect to the axis of rotation and the kind
sys tem would have g iven coo rdinated i n f o r -  of visual orientation to the environment are
mation regarding angula r  disp lacement of all re levant  variables in determining the
the bod y axis from grav i ty ,  i.e. , the d i rec tion d i rec t ion  and in t ens it y  of the experiential
of the an gula r di.placement si gnalled b y the phenomena and compensatory reactions .
otoliths and the d i rec t ion  of the angular  These variables are currently under In-
velocity si gnal l ed by the cana l s  would have vest i gat ion in our laboratory at USAMRL.
been th. same. However , in the abno rmal Most of the completed ve.tibular research
situation described , these two sou r ces of In our l a b o r a t o r y  has dealt with the theoreti-
sensory Input within a sing le sy stem of cal control of ve.tibular r eact ion s by the
sense organs provide conflicting in forma - ves t ibular  end-organ . Most of these experi ..
t ion and t r i gger  in compat ib le  compensatory men ts  have  deal t  with relations between
reactions , none of which a re  appropr ia te  to subjec t ive  phenomena and ang ular  accelera-
the fo rces  acting on the bod y.  it i. interest- tion and how well these re la t ions , in turn ,
ing to note that ti ppin g tbe h ead in certain are predicted by current theory of the
w a y s  with respect to the axi.  of rotat ion of cupula-endo lymp h system.
a tu rntable rotating at a constant rate i s  one As I mnentoned ear l ie r , a cons i derable
of the most e f fec t ive  means  of p roducing amount of research  ha. indicated tha t the
motion sickness. cupula  responds to ang ular  accelera t ion l ike

Another mean, of producing disorientation an ov ercr%t lca l ly  damped torsion pendul um.
and s ickness  involves a conflict in  i n fo rm a-  Thi s means that the behavior of the cupul a
tlon between the visual  and vest ibular  sys-  is predictable once estimates have been made
terns. For example , if the ves tibula c system for  the mass , v iscosi ty ,  and elast ici ty of the
is stimulated in a fashion to produce a len - cup ula-endo lyrn ph system. Such estimates
sation of bodil y rotation simul taneousl y with have been made by several Investi gators
visual stimulation indicating that the bod y is  and hencefo rth when I ref er to theoretical
s t a t ionary ,  motion s ickness  and complaint,  p red ic t ions , I will be re fe r ring  to theoretical
of nausea are  more common Ibm In the same predict ions based upon the estimates made
vest ibular  situation without the conflicting by a group of workers  in Holland including
visual  stimulation. An especially int e r e s t i ng van Egn-tond and Groen (2) .
example of conflicting sensory Info rmation Based princi pall y upon Lowenstein ’s work
apparentl y leading to embarrassment  for the (9 ) ,  i t  appear.  that the cupula of the two
human operator I. provided by an experl-  ears operate in pairs somewhat l ike the
mental fli ght stimulator. Operators were  double-ended Input of a push-pull e lect ronic
provided with control s which mani pulated a amplif ier .  This is Illustrated In fi gure 1,
ve ry real is t ic  visual environment  such that which indicate , that when the head is accel-
re la t ive  movement  between the visual world crated , the rate of f i r ing  Is stepped up in
and the pilot would simulate the maneuvers  one ear while In the other , the rate is
of an aircraft.  In this situation visual In- diminished below the spontaneous resting
formation indicated motion, whe reas vestib- rate . Lowen stein ’s resu lts have indicated
ular info rmation Indicated no movement , furthe r that the rate of dischar ge of the
Operators apparent ly  were more dis turbed peri pheral  ve.tibu lar nerve I s  di rectl y re-
by the simulated maneuvers  than by the lated to the theoretical di .placement of the
same maneuvers  in the a i rc ra f t .  cupul a from Its resting position. Going one

Situations similar to those mentioned step further , it ha, been theorized that the
pr obabl y occu r  occasionally in a mild form magnitude and direction of the subjective
in most mean,  of l and t ranspor ta t ion;  more reaction and the ocular compensatory reac-
often and in more severe  form in conven- tion are also directl y related to the theoreti-
tional a i r c ra f t  and in .hlp. at sea; and will cal cupola deflection.
probabl y occur in a severe fo rm in most men A number of experiments have been con-
in a rotating satellite if the rate of rotation ducted In our laboratory to test the predic-
exceeds some as yet undeterminedminlmurn , tion. of this theory.  The apparatus us— d in
probabl y between S and 15 rpm. these experiments consisted of a large tu rn -

Part of our current program of vestibular table , nIne feet in diameter , arranged in
research at USAMRL is devoted specifically these experiments so that the subject ’s head
to the study of the phenomena which occur w a s  located at the center of rotation and
when a person move. his head with respect tilted slightly forward to place the plane of
to axis of rotation of a turntable , The angu - the lateral canal s approximately in the plane
lar velocity of the turntable, the ang ular of rotat ion.
ucceleration which initiates the rotation and The subject ’s experience under these
the deceleration which stops it . the time circumstance. I. not dis turbing as long as
elapsed between the angular acceleration he does not move his head with respect to
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the axi s of rotat ion, If for example be I. theoret ical  re lat ion.hi p between the magn i-
rotated In a clockwise direction In a dark  tude of the dece le ra t ion  and the t i m e  elapsed ,
room while looking at a faint target which t r , between the end of the accele ration and
rotates with him , he will  simply feel that the end of the r eact ion w h i c h  was  i n i t i a t e d
he is rotating in a clockw i se di r ec t ion , i.e. , by the acce l e ra t ion .  in essence , our  expe ri-
making a ri ght turn. This feeling of rotat ion ment  consis ted of u . ing  a ‘s t anda rd ’ ac cel-
will commence shortly a f te r  he s ta r t s  rotat-  e ra t ion , and measu r ing  in t e ’rva l -t r whe n t h i s
Ing and will cont inue about 20-30 sec ( i f  the s tandard  a c c e l e r a t i o n  was fol lowed by di f-
magnitude and durat ion of the accelerat ion fe rent magn i tudes  of decelerat ion. , the
are suff ic ient )  af ter  a constant velocity is purpose being to d e t e r m i n e  how the measured
attained. If a constant velocity is main- in te rva l  compared with the theore t ica l  pre-
tam ed for about 25 sec. a f te r  the accelera-  d ic t ions  of the in te rva l ,
tion , onset of deceleration will initiate an The resu l t s  of th i s  experiment  are  pre-
experience of appa rent rotation In the oppo- sented in fi gure  3. Slide 3 shows that the
site direction which will pe r s i s t  af ter th e poin t s  of t e r m i n a t io n of ny sta gm i c  eye
deceleration also for 20-30 sec. (if the movement,  and of apparent  rotation with
magnitude and duration of the deceleration each of the var ious  magnitude decelera-
are sufficient).  if the ini t ial  accelerat ion is tions used were  about the same , except
immediately followed by decele ration , the for those obtained with the zero decelera-
subject experiences rotation , but thi s feel-  tion i.e., when the accelerat ion was fol-
Ing does not persist as long as before and lowed by constant velocity,  an d that the
apparent rotation in the opposite direction re .ults adhered to the theoretical  curve
after the stop is greatl y reduced. in the fa i rl y clo sel y. The eye movement data and
present series of experiments , the subject the subjective data were obtained from two
si gnalled the onset and the cessation of these groups of 6 subjects wi th onl y 2 sub j ec t s
various effects with a telegraph key, participating in both experiments.

While the •ubjective effects are in prog- However in spite of this  f ai rl y close
ress , nystagmic eye movements , consisting correspondence between theoret ical  and
of a series of slow compensatory drift s in obtained results , the discrepancy betwe en
the direction opposite to the experienced the ocular and subjective reactions at the
rotation followed by a fast  recovery move- zero deceleration (where the cupul a , de-
ment , may also be observed. These eye- viated by the acceleration , was left to re-
movements were detected and recorded by turn slowly to resting position by its own
the corneo-retinal potential technique In one elastic properties) ,  and observations in other
of the experiments to be reported , and in experiments, led us to suspect that adapta-
this case the target li ght was off and the tion effects  modif y any simple relationship
subject was rotated in a dark room. The between cupola position and response in-
subjective feeling of rotation and the ocular  tensi ty whenever the vest ibular  system is
movements which commence soon after  the maintained in hei ghtened activity for  more
onset of a stimulus, an d which u suall y per- than a few seconds. The experimental situa-
sist after Its termination, are re fe r red  to as tion for an experiment which suggests the
“primary vestIb~ ar responses.” presence of this complicating factor  is

As will become apparent, some of the Illustrated in fi gure 4.
results of our experiments (3 . 4) have shown Each experimental trial commenced with
surprising conformity with theoretical pre- a low rate of acceleration to some pre-
dict ion s , whereas other resul ts  have shown calculated velocity, which was maintained
systematic departures from the theory (5 , until the p r imary  vestibular reaction to
6 , 7). Figure 2 illustrates the stimulus the acceleration had subsided and for an
situation for an experiment which yielded additional 30 sec . At this point , decel era-
results which conformed fairl y well to tion was commenced. The plan of this
theoretical predictions throughout most of ex~’er iment  was to use a series of 6 decel-
the range of stimuli presented. erations d i f fe r ing  in rate , wit’~ the dura-

Fi gure 2 Is a schematic representation tion of each deceleration calculated to pro-
of (a) 3 of 8 dIfferent stimulus situations duce the same theoretical cupula deviation,
used in the experiment (upper f igure)  Under these ci rcumstances , the hi gher rates
(b) their corresponding theoretical cupula of deceleration would be applied for shorter
deflection. (middl e fi gure) and (c) the times than the lowe r rates , thereby provid-
corresponding theoretical response char- ing differential t imes (of hei ghtened activ-
acterist ics (lower fi gure). Note that the Ity) for adaptation to develop. Since all
ang ular acceleration (positive slope , upper deceleration. were calculated to produce
fi gure)  -Is the same In all t r ia ls  but that the an equal cupul a deviation , the time for
deceleration (negative slope , upper f igure)  return of the cupul a , upon terminat ion of
was varied between trials. As indicated deceleration , to its threshold zone should
by the dashed comparison line s , it is ap- be identical for all deceleration.. Hence ,
parent  from these f igures that there is a In the absence of adaptation effects , the
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duration of the post-decelerat ion response , st imulus were  maintained fo r  70 sec and
t~ , to the d i f fe ren t  decelerat ion.  should be 55 8cc , respec t ivel y. The plot ted points
equal . af ter te rminat ion  of these two s t imul i  show

The r esults of this experiment are shown an increased  rate of decl ine in response
in fi gure 5. It is apparent  that the obtained and this corresponds temporall y to a poin t
data dif f e r  sy st emat ically f ro m the theo- in time when the cupola has theore t ica l l y
re tica lly determined points  and that the commenced its re tu rn to i t s “non-sti mulat-
longer-app lied de celera t ions  produce post- Ing ” pos i t ion . It can be seen that the response
stimulus reaction. which are much shorter  has a l ready be gun a decl ine dur ing  the
in durat ion than the theoretical prediction.,  stimulus , a ppare ntl y due t o ada pt a t ion , and

Although these resul ts  strong l y su ggest when the stimulus te rminates , the res ponse
adaptation effects, there is , of cou rse , the be gin s dropping more sharply. Each of the
possibilI ty that the actual cupula deflec-  0.5 and 1.0 deg/sec 2 stimuli were main- -

t ions were  not uniforml y proportional to ta m ed for 100 sec. The magni tude  of
the theoretical predic tions, response is too low at 100 sec in the case

However , o ther  experiments were  car r ied  of the 0.5 deg/sec 2 st imulus  to show a
out which demonstrated the presence  of similar effect , bu t the response to the
adaptation even more convincingly. One of 1.0 deg/sec 2 st imulus, al thou gh ver y low
these i nvolved appl ying constant ang u la r  at 100 sec is suff ic ient  to show the in-
accelera t ions  for prolonged periods while creased rate of decline after the stimulus
obtaining estimates of the intensi ty of the terminates. Presumably if the 1.5 and 2.0
subjec tive reaction throughou t it, course. deg/sec  2 stimuli had been maintained for
The method we employed in est imating the 100 sec , curves for  these stimuli from
in te n sity of the su b ject ive reaction seems 55 sec to 100 se c would have been more
to have good possibilities. The subject ’s similar to those obtained with the 0.5 and
task Is to si gnal each time he f eels that 1.0 deg/sec 2 st imuli , i.e. , woul d not have
he has rota ted through some preselected exhibi ted the sha r p decline after the
ang le. Time between any two successive respective points of termination of the
signals should then be approximatel y in- stimuli.
v e r s el y proportional to the average subjec- In addition to the decline in response
tlve angular velocity within the interval ,  which occurs  during the course  of a
With the assumption that a subject can stimulus , a prolonged stimulus produces
mai nt ain a fa i r l y constant  concept of an adaptation ef fec t,  which influence the
ang ular  dis place ment such as 45 degrees  or response to subsequent stimuli even after
90 degrees or 180 degrees , it is possible the pr imary  ef fec ts  of the initial stimulus
to plot subjec t ive angular  velocity with have subsided. This is indicated in fI gure 7.
respect to time throughou t the cour se of Each poi nt in the lower curve represents
the reaction, the duration of response to a standard te.t

This was done with a group of 10 subjects stimulus. The onl y condit ion which diffe red
with resul t s  shown In fi gure 6. from one point to the next was the duration

Four magnitudes of stimulus were used of a preceding stimulus. It can be seen that
to produce the results shown in fi gure 6. the response Is diminished more and more
They were 0.5 . 1.0 , 1.5 and 2.0 deg/sec 2 as the preceding stimulus is Increased in
app lied respectivel y for durations of 100 duration. The upper curve also represents
sec 100 eec , 70 sec and 55 sec. the response to standard test stimuli but

Considering these times of application of in thi, case , each stimulus I s preceded by
the va rious stimuli , fi gure  6 shows clearl y a stimulus opposite in direction to the test
that subjective velocity rises and then de- stimulus. Here the responses appear to be
d ines during the course of a constant angu- Influenced little If at all except when the
lar acceleration. Within the range of stimuli preceding stimulus exceed. a duration of
applied , a ri se’ time to maximum subjective about 25 5cc , and at this point the response
velocity appears constant , about 30 sec . to the standard stImulus Is increased by
regardless of stImulus magnitude; the mag- the effects  of the preceding stimulus.
nitude of the maximum subjective velocity To summarize briefly:
attained is dependent upon the magnitude of ( 1 )  The results of our completed experi-
the stimulus; a decline in response magni- rnents dealing with the theoretical me-
tude during constant-mag nitude stimulus is chanics of the semicircular canal system
present with all magnitudes of the stimulus indicate that when the vestibu la r system
employed; and time of onset of the decline Is driven about as It is in routine daily
appears to be constant regardless of the circum stances , i.e., through short arcs as
stimulus magn itude. in normal head movements , the reaction

A point of interest In fi gure 6 Is the In- Is consistent , predictable and behaves as
creased rate of decline of the subjective thoug h it were controlled by a cup ula mech-
velocity after the stimulus terminates (the anisr n with the characteristics of a damped
dotted lines). I t will be recalled that the torsIon pendul um . When the system is driven
1.5 deg/sec 2 stImulus and 2.0 deg/sec 2 for a long time , some process develops
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during the reaction to lt e r  the i n t e n s i t y  turn , th e angula r  acce le ra t ion  which in i t i a tes
and the cut-off  point of the reac t ion . This the turn , the t im e elapsed between the
proce ss has g rea t e r  ef fec t  as the dura t ion  cessation of angular acce le ra t ion  and the
of the s t imulus  is prolonged , and u n d e r  I n i t i a t i o n  of the head movement , the k ind
these conditions the react ion does not fol-  of head movement  made , and the visual
low pred ic t ions  based upon the theore t ica l  o r ien ta t ion  cues p r e sen t  are  all r e l e v a n t
mechanics  of the end-organ.  The devia-  va r i ab le s  in de termining the intensi ty  of
t ions themse lves, however , appear sys tem-  the Coriolis acce le ra t ion  ef fec ts .  We are
atic and , now that the conditions fo r  these cur ren t ly inve sti gat ing these  va r i ab l e s  an d
deviat ion s are  becomin g known , our abil i ty are also considering means  of reducing
to pre dict  r eac t ions  ori ginating f rom the i l l -ef fect s f rom such stimuli .  From our
vest ibular system has been inc reased ,  work on the se probl em s thus  far , it appe a r s
( 2 )  Our research  involving Coriolis accel-  that situations which simulate the vest ibular  -

era t ions  suggests  that any situation which detectors of l inear  and ang ular accelera-
requires frequent movement of the head in tion in such manner that conflicting sensory
a turning vehicle is potentiall y a bad al tua- messages are  provided are  potential pro-
tion for a human ope rator.  The angular  ducers of d isor ien ta t ion , mo tio n s i ckness
velocity of the turn , the duration of the and faul ty  motor coordination.
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V. U.S. ARMY ORDNANCE CORPS PRESENTATIONS

“ORDNANCE DESIGN CONCEPTS FOR GROUND MOBILITY”

by
Dr. Dona ld Wylie

Office of Ordnance Research , U. S. Army
Box CM , Duke Station , Durham , N . C.

There  is no d e a r t h  of m a t e r i a l  on the In a number  of seminars  sponsored by
assi gned subject , the d i f f icu l t y in p repar ing  various groups and organized by this  Lab-
a br ie f  t a lk  is one of o rgan i za t i on .  The R & D  ora tory ,  the def in i t ion  of the problem and
being p rosecu ted  by Ordnance  toward  in -  the method proposed for  i ts  solution were
c reased  mobilit y is so var ied and the results  widely popularized and led to gradual  rec -
are so inte r - r e l a t ed  tha t  one roust consider  ognition that the new r e s e a r c h  ori ginated by
the pictu re as a whole and not single out any the Army may also be of benefi t to the
on e face t  to the exc lus ion  of o the r s .  Too , an civ il ian economy.  The general  method of
improvement  in ground mobili ty might very  at tack and the problem itself , fo rmulated in
wel l  have  been initiated , for example , by a the abov e way,  have alread y at t rac ted the
des i re  to make some ite m of Ordnance equi p- attention of univers i ties  and i n d u s t r y.  The
ment  a i r  t r a n s p o r t a b l e. To s implif y my task  U n i v e r s i t y  of Michigan has established new
I f ina l l y decided upon the vet- v basic idea graduate courses  and labora tory  activities
of working “from the ground up,” within the curricalun-t of automotive engi-

Since the s tar t  of recorded h is to ry man has n e e r i n g ;  and indus t ry  has expressed in teres t
been busy expediting his overland movement by es tabl ishin g, wi thin the Society of Auto-
t h r o ugh the development  and ex tens ion  of motive Engineers , an “Off-Hi ghway Vehicle
hig h w ay s  and r a i l w ay s .  For peacefu l p u r s ui t s  M o b i l i ty  Advisory  Committee. ”
t h i s  a p p r o a c h  to mobi l i ty  i s  quite adequa te ;  To plan des ign operat ions and to decide
however , a rmies  must leave the smooth whether  or where t r acks  or wheels  may
roads .  In fact , the ne cessity for  development  work econo micall y, an exact  knowledg e of
of c ross-cou ntry t ransportation increases pe r tinent soi l values is indispensable.  Knowl-
with i m p r o v e m e n t  in the ar t  of war fa re , ed ge of soil values may lead to new and
when d ispersa l  of forces  and materiel  be- superior design concepts .  Comprehensive
comes m andatory,  eval uation of the t ravel  e f f ic iency  of various

An answer  to the question of how to go t i re  s izes and t r a c k s  in various soils cannot
a b o u t  improving cross -country mobility be performed without the determination of
for tunatel y may be found in seve r al prece-  pertinent soil values.
dents . Ear ly f l ights  were under taken  without Soi l-value theory has led to the discovery
muc h knowledge as to how to shape wings and that t racks should be made with l inks spaced
fuselage to obtain maximum ef f i c i ency ,  i .e., at specifically-dete rmined distances , ins tead
the maximum of l i f t -drag ratio; later de- of cleats mounted so close to each other that
velopinent of aerodynamic  theory solved the they f orm a continuous band . Thi s con t r a -
problem. A similar  condition existed in dicted well-established design trends and led
n aval a rch i t ec tu re  unti l  the advent of modern to what now may be considered a ru le ,
hydrodynamic  theory.  Thus it may be de-  namely, that n ot only the size of the ground
duced that au tomotive engineering must also contact area , but also the form of that area ,
develop a formal discipline which will help is important.
pr oduce vehicles tha t give the maximum Her e we might call attention to an example
load- thrus t  ratio in a given medium of of payoff in one field resu lting f rom research
operation. Such a disci pli ne has been prac - conducted in another . The new spaced-l ink
tically non-existent beyond crude empirical concept was applied to design of artil lery
know-how , and its establishment has been spades and a worthwhile saving in weight
one of the major goals of the Land Locorrto- without lessening of effectiveness became
tion Research Laboratory of the Ordnance apparent.
Tank-Automot ive  Command,

l or. W ylie’s paper , classified SECRET, is here rendered in an unclassified paraphrase . Properly authorized individuals or -tgen-
cies may obtain a copy of the full text by application to the Army }Sesearch Office . Mm:  Human Factors Research Division, The Pen-
tag~)n, Washington 25. 0. C.
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Since a sizeable portion of the earth ’s approximately 2 ,500 lbs. (The wei ght of th e
surface  Is periodically or pe rmanen t ly pi lot -model  l a u n c h e r s  p lus additional wei ght
covered with snow , studies are now bein g added to meet gr ound mobili ty cri teria was
made to determine the var ious  cha rac t e r -  of the order  of 3,800 lbs. This weight re-
Istics of this material  in c onnection with qui r ed the use of two of the helicopters
the design of vehicles for use thereon,  presently av ai lable , or the use of one l a r g e r -

An additional use of these studies re sides capaci ty he l icopter  not yet in general  pro-
In the Cons t ruc t ion  of t rafficabil ity maps. duction .)
Such maps are valid In limited meteoro- b. For ground mobility, the launcher must
logical condi tions.  Preci pitation and tern- be capable of being towed c ros s - coun t ry
perature variat ions change trafficabilt t y without the rocket.
values with time. The physico-c  h e m i c  a l  c . For roug h t r a v e r s e  ( t r ave r se  greater
mechanism of such changes Is In Itself an than the ± 10 degrees built into the launcher), - -

enormously wide field for investigation. The the launcher with the rocket loaded must re-
relevant problems must be separa te ly and tam sufficient  mobility to permit 180-degree
then collectively studied if the full advan- traverse.
tage of a soil trafficability map in variable d. For air drop operations , addi tional  ‘ -

meteorological conditions Is to be realized, locking mechanisms , a s found nec e ssa r y in
Thus In the final anal ysis , the problems of the air d r op tes t s , must be included as part
soil and snow mechanics are linked with of the launcher . The weight reduction re-
physico-chemical research , In which meteo- quired (on the order of 1 , 300 lbs.> dictated
rology Is assuming the same Importance as the use of the lightest-weight material gen-
it does in the field of aeronautics.  erall y available for s t ructural  purposes.

Having considered the surface on which Aluminum alloy met these requirements
much of our movement must take place , best.
let u s consider  some vehicles which may This study showed that major emphasis
oper ate on this sur face to move the vas t needs to be placed on str uctural  re -des i gn
tonnage s required in warfare . While the to improve the efficiency of carry ing the
problems confronting the Ordnance Corps required loads. Proposed structural re-
are frequently quite spe cialized, we are not a r rangements  consisted of prudent location
averse to adopting ideas from outside of t r ansport points , more efficient  dis tribu-
sources which we believe to be applicable . tion of s t ruc tura l  material , and eli mination
Call to mind the f r equent appearance of of Inef f ic ient use of materials.
earth-moving equi pment li terally moving Certain problems whIch ar ise f rom the
mountains over c ross -count ry  conditions, use of aluminum alloy as the s t ruc tura l

-
‘ The more obvious fea tures  of this equi pment material were considered; the major problem

are large-diameter low-pressure  t ires and results  from the lack of hardness  of alumi-
2-wheel prime movers with wagon-s teer ing .  num alloys. Thi s fault may be ove rco me by
Less apparent, but none-the-less desi r able applying bronze wearing surfaces to the
fo r Army operation are r ea r -whee l  traction , alu minum alloy where sliding sur faces  are
exoskeletal s tructures permitting floa tabili ty , required , such as in the rocket guide rails
and high ratio of payload to gross weight. and at pins. Further study is required to

Ordnance Corps effor ts  to Inc rease  mo- determine the suitabIlity of bronze wea ring
• bility are I l lustrated in some achievements  surfaces and also to determine the possi-

in impr oved rocket  laun che rs , rocket  hand- bility of using other materials for a coating
ling equi pment , and self-propelled arti l lery,  to provide the necessary surface hardness
As an example of the study which goes into and wearability .
an analysis of weight-reduct ion potentiali- Another problem Involves the weldability
ties, let us consider in some detail a recent- of the aluminum alloy. It was assumed that
ly completed study made to determine the suitable welding methods could be adopted
feasibility of reducing the weight of the which would permit the pr oduction of a
XM-33 “Honest John” launcher to a level sat isfactory structure by welding. The re-
consistent with efficient helicopter t r ans -  sults of the feasibility study on weldabil it y
portability, while retaining the desired per- Indicated that a launcher weighing on the
formance requirements of f ir ing stability order of 2 , 500 lbs . and meeting the estab-
and reproducibility,  air drop capability, and lished cri teria could be developed.
ground mobility . In connection with mobility of the Corporal

This stud y was an extension of the de- rocket system, Ordnance engineers have
velopment of  a helicopter-transportable visualized an apparatus incorporat ing the
“Honest  John ” rocket launcher , whi ch cul-  “Goer ” principal. This comprises a corn-
minated in the testing of three pilot models blnatlon erector , servicer , and l auncher .
at White Sands Missile Range and Ft. Bliss. The basic concept Incorporates:
The performance criteria were as follows: a. Lar ge-diameter low-pressure  t ires ,

a. For efficient helicopter transportabti -  which increase ground clearance , eliminate
Ity ,  the gross weight ~hnuld not exceed the need for suspension system, provide
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bet ter  v e r t i c a l  obs t ac l e - c ros s ing  ab i l i t y ,  and wei ght and i n c r e a s i n g  the e f f ec t i venes s  of
dec rease  ro l l in g r e s i st a n c e  and ‘~~cr ease a r t i l l e r y  ite ms for t roops  In the f ie ld.
t ract ion.  One of the c r i t i -  al f e a t u r e s  i n f l u e n c i n g

b. Pos i t i ve  -power  and wagon steer. The the mobility of our armed forces involves
ph r ase “wa gon s teer ” is d e r i v e d  [ron- i the the a r m o r . Here the oppor tuni t ies  for  wei ght
fact tha t  the en t i r e  axl e swings  and c a r r i e s  sav ing  and e f f e c t i v e n e s s  are tremendous.
the wheels in a manne - similar to that of Air transportabilit y may or may not be
a farm wago n. The ph r a s e  “posi t ive  power ’’ possible depending solely upon the solution
r e f e r s  to the fac t  that the d r i v e r  has  corn-  of this  problem in spec i f ic  cases.
plete and posi t ive con t ro l  over  the axle A comprehens ive  p rog ram of r e sea rch
position a n y w h e r e  within the desired li mits  and development  devoted to l igh tweigh t  ma-
of t ravel .  The positive power wagon steer ter ials  for  a r m o r  and s t ruc tu re s  Is c u r r e n t l y
a r r a n g e m e n t  a lso  e l imina ted  veh icu la r  under way . Par t icular  emphasis  is be ing
‘‘ r ack , ” i.e.,  the t r ansmis s ion  of s t resses  p laced upon the use of al loy 9of  a luminum and
between the p r ime  mover  and the wagon.  magnesium; significant though less extensive

c . A c lean  under  c a r r i a g e, hav ing  no e f f o r t s  are being devoted to cast ing titanium
a rt icu la t ing  d r i v i n g  l inka ge,  a l loys and to the fabr ica t ion  of so-cal led  

-Thi s type of Goer vehi cle has a pay load u l t r a -h igh - s t r eng th  steels . The emphas i s
to g ros s  wei ght ratio of about 50 to 70%, placed upon a luminum and m a g n e s i u m  is at
as com pared to the s tandard vehicle s which once a consequence of the use of n o n - f e r r o u s
operate in ranges of 25 to 40%. One Goer metals and of the fact that weight reduction
p r i n c i p a l  miss ing  f ro m th i s  con c ept is the is possibl y the most d i r ec t  r oad t o i n c r eased
ab i l i t y to float , mobility.

Another  adaptat ion of the Goer princi pal Interest  in a luminum as an a rmor  ma-
ts ref lected In the Squat ter  vehicle concept . terial lagged for a time but was renewed
This vehicle will have:  a few yea r s  ago when the l essons  of Korea

a. variable ground c learance  that enables were  evaluated and a new u rg e n c y  was at-
the hull to be lifted In deep mud , thereby tached to increased mobil i ty .  On the basis
reducing ground resistance. It also provides of the lessons learned , emphasis was shifted
fo r a low silhouet te and protect ion f or the f rom protect ion against AP shot (except
wheels in battle , small arms fire) to protection against cx-

b. troop pro tec t ion  f rom small  a rms  f i re .  plo sive shell f r agmen t s .  In the new context ,
c, hydro jet propulsion as the propelling aluminum appeared to have distinct advan-

force when afloat . tages over steel both f rom a f r a g m e n t
d . com patibility with Phase I airborne protect ion stand point and as a si gnif icant

oper at ions,  weig ht saver.  The decIsion was made , there-
e . a smooth bottom s ince  t he r e  is no fore , to design and construct an over-all

ar t i cu la t ing  d r iv ing  l inkage ,  aluminum , all-welded personnel  c a r r i e r  that
f. good firing stability when the hull is would save 15 to 20 per cent In weight over

res t ing  on the ground.  its steel ( 1/ 2 ”  th ick)  counte rpar t .
g. a sho st - tu rn ing  radius because of the At this w r i t i n g ,  a prototy pe vehicle of

180 degree  pivot of the third wheel ,  the a luminum magnesium alloy weig hing
h . a s h o r t  emplacement  and displacement significantly less than Its steel counterpart -

time due to the hydraulic linkage that forms has been built and tested for r esis tance to
the e levat ing  and suspens ion  system for the shell f ragments .  The results are not as good
— e h i c l e .  •-\ f e a sib i l i t y  stud y of an aux i l i a ry -  as had been anticipated , but they are by no
propelled 155 mm howitzer  ca r r i age  Is means discouraging.  Si n ce this sin gle test ,
being made to de te rmine  the capabil i t ies of the alloys have been improved. Continued
inco r pora ting mot or units ( elect ri c , by- close cooperation with the major aluminum
draulic) in its wheels , so that it can propel manufacturers promises to provide alloys
i tse l f  Inde pendent ly  of a prime mover .  This that will sa t i s fy  the hi gh ballisti c standards
we apon system should have advantages  in an required by Ordnance.
a i rd rop  opera t ion .  Within the past two years or so , alloy s

I,et us now conside r the efforts of our of magnesium-lithium have emerged as a
cannon people to increase the mobility of promising armor material.  A vehicle con-
the Army. Here there would seem to be structed of this  alloy will provide a weight
wonderful opportunities to effect a reduction saving 15 to 20 percent greater than its
in wei ght .  As you will see , not only are aluminum equivalent.  The decision to build
accomp lishments along this line anticipated , a vehicle from magnesium-lithium was pre-
but a l so  other  aspec t s a r e being considered ceded by several  years  of Intensive lab-
simultaneously to increase  the overall mo- oratory work in which the prope r ties and
bill ty -ef fect iveness  product . behavior of thIs low density material were

— Through research being conducted In evaluated. Plates of the required thickness
several facilities the Ordnance Corps is are now being rolled for later incorporation
making significant strides in lightening the into the carr ier  structure.Shouldtb is venture
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be suc cess fu l , It would const i tu te  a major b. E l imina t ion  of the problem of spent-
a t e  p fo rward  toward I ncreased mobil-  case disposal
it y. c. Decreased weight.

I t would seem to be appropr ia te  to con-  The combus t ib le  case is n e c e s s a r y  for  gu ns
a ider  the i n c o r poration of these mater ia ls  having li gh twei ght s e l f - o b t u r a t i n g b reeches
in other  i tems of Ordnance .  Aluminum cas t -  because meta l l ic  cases  p resen t  ser ious  cx-
ings provide an exce l len t  example of the t rac tion problems.  The combust ib le  case ,
s t rength  gains and Increased  s t ruc tura l  in- which permi ts  higher  loading de n sities ,
tegrity and reliabilit y made possible throug h makes maxi mum reduct ions  in ammunit ion
advances  in foundry  t echnology ,  and gun size and wei ght probable.

The acceptance of this new mater ial  has Atomic warhead adaption kits  are now
been retarded for  two reasons.  P r imar i l y one-third t he wei gh t and size of those  in
cu r r e n t  foundry practice develops onl y about existence when the Ordnance Corps took
fi f ty per cent ‘of the inherent  s t reng th  In over this responsibili ty approx imate l y five
the hi gh- s t r eng th  a luminum alloys .Secondly, years ago .
the lar ge variat ion in proper t ies  f rom one One f u r t h e r  technique now under  considera-
castin g to the next has es tabl i shed a low tion for reducing the weig ht and size of
confi dence level among desi gners .  As a adaption kits resides in the design of major
result , the safe ty f ac to r  and over -des ign ing  components to pe r fo rm their  funct ions  d i r ec t -
necessary to insure against service failure ly rather than throug h secondary components;
conside rably r educed the wei ght-savi ng po- for example the eli mination of r e l ay s  in the
tential. functioning of switches through the use of
The development of a new foundry tech- exp losive s or baro met r ic  switches.  Studies

nology is still in its ear l y sta ges.  However , are bein g conducted to r educe st ru c t u r a l
based on the r esul t s  to da te , several  com - wei ght and size by:
mercia l  foundries in this count ry  are cu r -  a. Eliminating the hous ing  of individual
ren tly producing “quality cas t ings” and comp onents  and r elyin g on a single hous ing
guarantee ing propert ies  in the casting (not to protect all components .
jus t in a separately cast  te st bar ) .  b . Employin g new metals  and mater ia ls

Another  ac t iv i ty  con cerned with decrease  such as titanium , bery lli um , ma gnes ium
In wei ght as well  as size is the development alloy s , honeycomb str uc tu ra l  metals and
of ~~ opellants.  Double-base solid rocket p lastic s , and adhesives  having very  good
prot ellants are  bein g developed which have ~.treng ht - to-wei ght rat io;  and
hi g i e r  specif ic  and volumetr ic  impulse in c . p ressu r i z in g aerod yna mic s t ruc tu res .
order to decrease the weight and volume of The minia tur izat ion of components  Involve s
propell ant and motor requi red  to accomplish the redesigning of existing components as
a given mission . Likewise, smokeless- f lash-  well as exploring other new conce pt s . Some
less ar t i l l e ry  propellants having hi gher force of the main areas  where  effort  is being cx-
levels th an those present l y in use are being pended includct devices for shafting, arming,
developed to permit a smaller chamber fuzing,  i mproving power sources , and be t t e r -
volume a n d  consequentl y lig hte r -weigh t  ing circui t techniques , and st ruc tures .
guns . One of the new concepts under stud y In

An inte r est ing example of r esearch  fo r power sources involves the use of ferro-
increased effec t iveness  and mobility is the electric and fer romagnetic materials  to sup-
desi gn of the car t r idge . HE , T388 , 105 mm ply a lar ge qu ant ity of hi gh voltage e lec t r i ca l
howi tzer to eventually replace the standa rd energy very rapidl y. Throu gh the use of
HE , M I , 105 mm. This round uti l izes the these  and similar techniques , it  m a y  be
hollow-base concept to increase e f f e :t i ve  possible to eliminate several complex com-
chamber  capacity. A substantial inc rease  in pone nts pr esently r equired to accomplish the
muzzle energy is obtain ed , enablIng grea ter  same resul t .
ranges to be achieved. Proper desi gn and Ef fo r t  is also being expended toward the
zonin g of propellant charges  also will possibly development of new weapon sys tems  designed
reduce the minimum and Increase the maxi - for lig htwei ght ammunit ion and ease of han-
mum range capability. The hollow-base du ng. The SAP weapon system , whi ch falls
round also has the r otating band located at In this category,  was conc eived to provide
the rear of the explosive cavity; this lowers maximum flre power with minimum weight.
the shell str esses and permits thinning the It has the potential  of f i r ing  a projectile at
ogive walls, increasing HE capacity (hence velocities of 60000 ft/sec from a platform
lethality )  and r educin g pr ojec tile weight by small enough to support only the weig ht of
approximately 10%. the firing tube .

The Ordnance Corps has for a number of Several current  innovation s in the field
years been Investigating c ombustible ca r -  of small arms ammunition should permit
tridge cases for art i l lery ammunition. The the development of much smaller and lig hter
advanta ges expected from the combustible Infant ry  rifles in the future.  These consist
cage include : of ( 1 )  very small cartr id ges fir ing dart-

a. ElimInation of noxious fumes In tanks like projectiles and (~~) solid and liquid
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propellant systems which will eliminate the to a degree that can satisf y Ordnance re-
need for the metal cartridge case. These quirements. Essentially it is thi s potenti a l
Improvements will not only offer savings in for improvement In properties upon which
the wei ght of ammunition carried , but also our approach to ma te r i a l s  research and
should permit rifle redesign for shorter  development Is based. Knowled ge of both a
bolt action and elimination of the ejection fundamental and app lied character  Is re-
cycle .  It Is reasonable to expect these quired if the full potential of commercial
changes to effect  a drast ic  reduction in rifle materials is to be realized. Our materials
weight  together  with an Increase In weapon research program is designed to provide the
ef fec t iveness , necessary  new information.

Another contribution towards increased Gradually being inserted into the program
Army mobility resides in the desi gn and are projects to investigate materials that
development oflmproved amn-tunition packag- are now in the earl y experimental or con-
ing materials , to withstand environmental, ceptual stage . Bery lli um and silicon ar e two
handling and storage factors , to prevent examples of ele ments belngconsidered as the
ammunition damage , and to provide optimum basis for practical alloy systems.  A number
design features (size , shape. etc.) for ease of other elements are equally attractive
In loading and handling by troops, because of their unusual properties. Modifi-

One outstanding program being pursued cati on and adaptation of such “bad actors ”
toward reduction in weight and cost calls to Ordnance use will be no simple matter,
for an intensive investigation of plastics as but certainly the effor t  must be made In the
lightweight construction material. Items for interests of increased mobility.
which plas tics have been or are being eval- Titanium alloys are particularly att rac tive
sta ted are:  because they offer  the hi ghest strength to

1. 300 gallon tanks for drinking water specific gravity  ratio of all the commercial —2 . ammunItion boxes s tructural  alloys. This desirable property,
3. jato body accompanied by good ballistic properties , ii
4. mortar base plates an excellent reason for utilizing titanium
5. components for missiles (Atlas , Thor alloys in ordnance applications.

& Jupiter C) Recent advancements in vacuum arc melt-
6. cases for missile tracking flare ing furnaces , and the development of a satis-
7 . nuclear  radiation shields fac tory  rammable graphitic mold material ,
8. gun shields for 110 mm howitzer have provided the necessary prerequisite s
9. “Hawk” missile warheads for a commercial titanium casting process.

10. atomic weapon casings These technological advancements have made
11 . propellant charge extensions possible the production of shaped cast ings
12. propellant case closing plugs for 155 wei ghing up to 200 pounds. An alloy steel

mm gun casting of comparable size would weigh
13. 81 mm illuminating shell bodies and approximately 350 pounds.

tail cones Greater weight reduction can be realized
14. polyethy lene closures for igniters when titanium alloy s are substituted for the
15. various packing containers heavier non- fe r rous  alloy s , for example ,

Work is In p rogress  to determine the the brasses .  A substitution of this type also
mecha nic al properties of plastics when these permits size reduction becafise of the
materials are subjected to s t resses  which strength differential of the two type s of
va ry In duration from a few milliseconds alloys. It must be acknowledged , h owever ,
to a year. The effects of environmental  that titanium is still a very expensive ma-
conditions and extremes of temperatures on terial , and where cost Is a factor , caution
the mechanical properties of plastics are In its use must be exercised.
also under Investigation. Il lustrative of the close c onnecti on be-

Information obtaine d from the above work tween design and materials is an innovation
should permit more effective use of plastics which bears the descri ptive name , “cellular
In materiel; e.g., present  plastic items may aluminum.’ • Materials ranging in density
be over designed and heavier than necessary.  from 35 to 65 pounds per cubic foot can be
Accurate information on the mechanical made. The process consists of preparing a
properties of plastics may allow the desi gn sand mold of the desi r ed shape , filling the
engineer to reduce the weight of his plastic mold with a properly graded and suitably
item. Such data will result in a still greater selected soluble salt , and Infiltrating the salt
weight saving by the utilization of plastics with molten metal. Upon solidification , th-
in field equipment. cast shape can be fur ther  machined to close

Materials of commercial manufacture to le rances  and the salt leached out to leave
frequently are incapable of meeting the the lightweight structure. Since the cells
stringent service requirements set by Ord- are Interconnecting, the material can be
stance. Experience Indicates , howeve r , that easily heat t reated to Improve its prope r ties.
most commercial alloys possess the capacity Air or li quid can be passed through it with
for Improvement In mechanical properties great facility.
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At present , work Is being done to deter-  num , and to a lesser degree ti tanium. Great
mine the ef fec t  of such variables as cell success has been achieved with the anodic
size and distribution , alloy composition and protect ive t reatments  for magnesium. Wo r k
heat treatment on the mechanical properties with aluminum has been concerned with
of the material, Improving the seal of anodized sur faces

Alloy formulation Is but one aspect of the and with the development of Improved chem-
overal l  materials development program. ical conversion coatings. Work with titanium
Frequently, it is a fabrication method , join- Is being directed toward developin g c oating
In g techni que , or corrosion protection System deposits which will enhance Its performance
that holds the key to successful  Ordnance at hi gh temperatures throug h Improving the
application. Considerable attention is con- quality and serviceability of electrodeposited
sequently being devoted to these aspects of coatings.
materials utilization. Development is under way of: aluminum

From an eng ineering standpoint , structural cartr idge cases; magnesiumammunit ion con-
materials and structural design cannot be talners; lightweight and smaller plotting
considered as unrelated con tr ibut or s to a boards , aiming posts , binoc ulars , se rvos ,
c ommon objective ; for , In fac t , the two are and synchros;  t ransistor  circuitry for f ire
Intimately related, Design considerations control; and cartridge-actuated devices for
often act as the spur to materials develop- v a r i o u s  purposes , s u c h as c a b l e  cut-
ment and vice versa. t ing.

In more subtle ways , as in the selection Another major area of research which Is
of a method of fabrication for a particular contributing towards increased mobility in-
item, materials and desi gn considerations volves supplying the users  of complex
again interact strongly. (A good casting equi pment with material that requires only
design may be a total failure as a forging.) a minimum of check-out.  Almost all complex
To neg lect this interplay between materials equipment presently underdevelopmentneeds
development and desi gn Innovations would be only simple , go , no-go test at the field level.
most foolhardy ; rathe r , every effort  should These are often self-contained, thereby d im-
be made to foster a closer relationship. m ating the need for separate test equi pment.

A gr eat deal of work is being done by the In the event of a malfunctioning unit , modular
Ordnance laboratories toward the develop- replacements eliminate field maintenance
ment of high quality joining technique s for requirements and thereby lessen the tota l
lightwei ght armor materials. These mate - weight of necessary spare parts and corn-
rials are intended primarily for use in air- ponents.
borne ar more d vehicles , and joining of the Since 80% of the weight of material sup -
armor Is a critical problem, plied to front line troops is in the form of

A second large area of Investigation in the ammunition, it is essential that none be
field of metal joining involve s the corrosion wasted. During World War II , vast quantities
effects of Inhibited red fuming nitric acid on of ammunition were wasted as a result of
various welded aluminum alloy s , used for hun’an error , e .g. ,  misread dials , firing
storage and fuel tank s of guided missiles, unarmed rounds , failure to arm mines ,
Complete understanding of the influence that grenades etc . Ordnance is presently exerting
certain preselected variables have on the a concentrated effort  directed toward d im-
corrosion rate of these tanks In the presence m ating, as far as possible , all human e r ro r
of RFNA will aid in specif ying conditions and in the utilization of its items and through
materials that will effectively reduce missile recommending desi gns conducive to in-
failures and permit the use of lightweight creased user speed and accuracy.
propellant containers . Last , but in no wise the least important

A third area of metal-joining research , of the Ordnance-Corps efforts  to make the
which also should contribute to reducing Army more mobile , is that of electronic
the size and wei ght of Ordnance items , is the micr~emInl aturization . As the term implies ,
ultrasonic welding of metals. Ultrasonic the percentage gains in weight reduction are
welding requires no filler metals or heat of a much greater  magnitude than anything
and has been shown to be particularly ef -  described earlier in this discussion .
fective in the joining of very light gage Microminiaturization has resulted m d c c -
aluminum alloy materials Including the thin tronic subassemblies such as amplifier and
commercial foils. The possible use for this fli p-flop counte r stages constructed through
process have not been fully evaluated but it the use of integrated electronic parts.  This
holds considerable promise for such things technique permits discarding the case and
as closures for aluminum containers and the leads of the conventional resistor , condenser ,
joining of light-gage metal structures. diods and transistor , which are of necessity

Considerable research and development made large enough to permit ease inhandltng
Is Involved in the corrosion protection of and assembling; and mounting the working
metals. Much of this effort has and is being parts In and on a small thin ceramic plate.
directed to the protection of lightweight The further development and perfection of
metals , principally magnesium and alumi - microelectronic techniques will result in:
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I . two or three orders  of magnitude In Car lo  s imulat ion has been cons t ruc ted , for
si ze and weight reduct ion .  use In the IBM 704 computer  at MIT , for the
.~~. automatic processes In manufac tu re,  operation of the genera l  Ordnance depot
3 . more economical  e lec t ron ic  sys tems , supp ly sy s t e m , under  both present  and pro-
4 . more compact , r ugged and reliable posed p rocedures ,  T he m obili t y of the Army

elec tronic  sub -a s sembl i e s. may well be Improved by Ideas on the suppl y
5. additIonal  compact e l ec t ron ic  sys tems of repair par t s  s temming f rom this  s ta-

to pe r fo rm in fo rma t ion  or in te l l igence  type tistical research.
func t ions , such as:  guidance and nav iga t ion  Ordnance Is con t inuous l y co gnizant  of and
equi pment for missi les ;  compu te r s  for  opti - des ign ing  for  improved  mobi l i ty , em ploying
mizin g fu el cons um ption in v e h i c l e s ;  small var ious devices  and techni ques , of which the
portable data processors  and compute r s .  most si gn i f i c a n t  a r e:

This type of cons t ruc t ion  is app lic able to 1 . red uction in weig ht
operat ional  types of c i rcui ts  but not to Z . red uction In size
power c i r c u i t s .  The essence of this concept 3. increased ballistic and terminal effec-
would see m to be ‘ i f  you can see it , i t  Is t iven ess
too la rge. ’’ 4 . Im proved s t r u c t u r e s

I would like to comment upon anOOR pr o j - 5. new meta l s  and m a t e r i a l s
cci th at may have dis t inct  e f fec t  upon m o b i l i t y ;  6 . new co mponent concepts  such as power
having spent some seven y e a r s  In field sources , t imers , fuzes , etc .
se rvice wi th  Ordnance ma in t enance  out f i t s  7 . inc reased  operabi l i ty
and staff  o rgan iza t ions , I am quite cognizant  8. Inc reased re l iab i l i ty
of the supply problem in the field and the 9 . disposable weapons
log is tical implIcat ions .  10. universa l  and mul t ipurpose  dev ices

A study of the control  of the supp ly of 11 .  rep laceable module components or as -
re pai r par ts  for Ordnance equipment is semblies to el iminate maintenance
bein g conducted at MIT . A mathematical  12 . devices for Improved  t ranspor tab i l i ty
solution is being sought , employi ng a st o -  Within the time allotted I have been able
chastic t rea tment  of the large t i m e - v a rl a -  to touch upon only some of the hi g h spot s
tions in demand being exper ienced at supply in the e v e r - c o n t i n u i ng  e f for t  of the Ordnance
points . Work  is also involved in f u r t he r  ins ta l la t ions  to improve the mobility of the
stud y of t y pes of probabi l i ty  d i s t r ibu t ions  a rmed fo rces . W h i l e  these  gains ini t ia l ly
io r parts demands to which the optimization appear as i so la ted  f ac to r s , they soon re-
techniques may be app lied , and which are appear as i tems in a c lose ly - in tegra ted  pro-
ve rIfied by exi s t ing Ordnance  data on such g r a m  resul t ing  in new conce pt s or s tar t ing
de mands, In acL ilt lon , a general ized Monte - points for  f u r t he r  Improvements .
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VI. U.S. ARMY QUA RTERMASTER CORPS PRESENTATIONS

“MINIMA L SUBSISTENCE REQUIREMENTS TO MAINTAIN PERFORMANCE”

by
Dr. Austin Renschel

Quartermaster Research and Engineering Command

rhe past few y e a r s  have witnessed a vast s i tua t ions .  Each day we use between 5 and
change in concepts of m i l i t a r y  opera t ions  and 10 pounds of food depend in g on many f a c t o r s
in the tasks  tha t  the soldier is called upon to such as ph ys ic al a c t i v i t y ,  bod y si ze , s ta te
accomp lish. Mobility, li ght ness , au s te r i ty ,  of fati gue , emotional state , environmental
ae r i a l  su ppl y ,  ra dar surve i l l ance , compli -  con di t ions , acce pt a b i l i t y  of the  food , etc.
cated missile sys tems and even a n t i - m i s s i l e  Dail y d r i n k i n g w a t e r  intake , incl uding bever-
mi s s i l e s  have become ke y words in the new age and w a t e r  in food , ran ges f rom about 5
co ncepts .  M i l i t a r y  operations as fo reseen  pounds for r e l a t i ve l y i nac t ive  condit ions in
wil l  i nvolve re la t ive ly isolated , hi ghly mobile a mild climate to 25 poun ds or mo r e in hot
combat groups  that s t r ike  andman euver  unde r deser t  or t rop ic ondit io ns or with severe
the combined s t r e s ses  of e x t r e m e  env i ron-  ph ysic al a c t i v i t y . On the average  then we ,
r n e n t s . of new w eapon sys t ems  and of the on a f r ee  in take  bas i s ,  consume betwee n 10
p r e s s u r e s  of t i m e l i n e s s .  Where  mob i l i ty  is and 35 pounds of food and wate r  per  da y in
paramount , enc umbrances  with any but the ord er  to keep in energy and wa te r  balance.
abso lu te  n e c e s s i t i e s  fo r  s u c c e s s f u l  combat  W h a t  happens  to t he  soldier  if t h e se  opti-
opera t ions  cannot  be to l e ra t ed .  Maximum mal  or m a x i m a l  amounts  of food and wate r
em phas i s , t h e r e f o r e , mus t  be p laced upon can not be f u rn i shed?  What is the least amount
suppl y l o g  i S t  I c a - - p r i n c i pal l y ae r ia l  de-  of food and w a t e r  tha t  m u s t  be f u r n i s h e d  to
l i v e r y - - w h i c h  wi ll  leave the soldie r as little ma in t a in  the  i nd iv idual  e f f e c t i v e  for  r e a s o n -
burdened  as poss ib le  w i t h  c a r r y i ng  hi s own able per iods  of t i m e ?  To what  ex ten t  and fo r
s u p p l i e s .  lt m u s t  be an t i c i pa t ed  also tha t  how long is i t  p o s s i b l e  to choose bul le t s
w i t h  h igh  m o b i l i t y ,  combat  groups  f r e q u e n t l y i n s t e a d  of beans when supply capab i l i t y  is
wil l  be cut  off f rom the usual  channe l s  of li m i t e d ?
suppl y and will he lot ted  to fi ght and live Some data a re  now avai lable  which provide
on what  they have w i t h  t h e m  or can be su p- c l u e s  on what can be expected  of m e n  when
pl ied by aer ia l  d e l i v e r y ,  e i t h e r  food or w a t e r  or both are  r e s t r i c t e d .
Decisions will have to be made o n - t h e -  To provide a n s w e r s  to the quest ions , severa l

spot on the  amoun t  and type  of m a t e r i e l  t h a t  g roups  of s o l d i e r s  w e r e  p lac ed on a con-
should be de l ivered .  Unl imit ed  ae r i a l  supp l y t ro l led  rou t i ne of hard  ph y s i c a l  work and on
of e v e r y t h i n g  tha t  mig ht  be d e s i r a b l e  both in food in takes  rang ing f r o m  3600 ca lo r i e s  per
kind and qua n t i t y .  i n c l u d i n g lu x u r y  it e m s , day to no food with  w a t e r  i n t akes  rang ing
wil l  be out  of the q ue s t i o n s .  In f a c t , f r eque n t ly  from all they des i red  to on ly one quart  per
it may reach the c r i t i c al poi nt w h e r e  the  de-  day.  M e a s u r e m e n t s  were  made on t h e  ab i l i t y
cision will have to be made whether  to call of the  men to p e r f o r m  var ious  types of t e s t s
for  beans or  bu l l e t s .  The commande r  mus t  i n v o l v i n g  p hys ica l  work .  All  the studies
be p rov ided  wi th  the e s s e n t i a l  i n f o r m a t i o n  w e r e  c o n d u c t e d  in a t e m p e r a t u r e  con t ro l l ed
upo n whi ch  to base a rat ional  choice , if a r oom held at 7~, ~ OF .  Ex t remes  of heat and
r a t i ona l  choice is to be made.  If onl y 10 or cold and the emot ional  st r e s s e s  of combat
20 or even 50 pounds of m a t e r i e l  can be would no doubt have  a l t e red  the r e su l t s
f u r n i s h e d  each man per  day by aer ia l  de- s o m e w h a t .
l i v e r y ,  what item s should make  up the load? The combinat ions  of r e s t r i c t e d  ‘ood and
What  is the amount  and the relat ive propor-  wa te r  studied were :  (1 )  3600 calories , wa te r
t ion of the i tems that  wil l  best  mai ntain the not r e s t r i c t e d :  ( 2 )  1600 calor ies , wa te r  not
opera t ional  e f fec t iveness  of the soldier  for  a res t r ic ted  for  6 months ;  ( 3 )  1000 c a l o r i e s ,
few days , a week , a month , o r even l o n g e r ?  w a t e r  not r e s t r i c t e d  for  Z l  days; (4 1 550

An-tong the more  basic  needs of the combat calories  water  not r e s t r i c t e d  for  14 days;
soldier  are included food, wate r , c lo thing,  (SI no food , water not r e s t r i c t ed  for  4 day.;
equipment , weapons , am munitio n , f u e l , t r a n . —  (6) 1 000 c a l o r i e s ,  2 qts .  w a t e r  for 12 days;
portatlon, communica t ions .  Of these basIc (7 ) 1000 calor ies , 1 quart  w a t er  for  6 days.
needs , food and water are dail y indisp ensables M e a s u r e m e n t s  of physiological and psycho-
reg ar d les. of where the soldier is or what he logical  responses showed surpris ing r e s i s t -
is doing- -these must be furnished under all ance to loss of capabilities when food inta k e
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was r educed to as low as 550 calorIe,  per 15% loss In body we I ght 7 0% normal
day . Water res t r ic t ion was more serious. But abil ity.
even wi th calories restricted to 1000 per day The rate at which the loss In bod y weight
and water Intake limIted to 1 quart per day, occu rs Is also import ant and will change
ability to perform physical work wa , main- the general relationsh i p s ; th e more ra pid
ta m ed at normal levels for about 5 to 6 the weight loss , the greater will be the
day ,. When 2 qua rts of wat er were fur nished det er ior mti on . However , a surprising ly small
along with 1 000 calor ies  per day, perform- amoun t of food (onl y 1 0 - 1 5 %  of a normal
ance capabilit y wa s nor mal for about two r atiøn) i s sufficient to prevent seriou s lou
weeks , of operati onal capabilities for several  day.. *

if the indivi dual has no food to eat and yet
must do phys Ical work , deter ior at ion pro - Summar y -gresse s  rap idly. After the fir st day, the
soldi er  will not be capable of effe ctively
carry ing out his duties . However , an inact ive In order to keep the soldier effective,
man can survive complete lack of f ood for food and water must 1st furnished at least in
a month or more . Another interest ing phe- small amounts every day. Howeve r , the
nomenon Is the apparent abilit y of man to minimal amount that is required may be
adapt to short period s of starvation so that considerabl y less , for rather long periods ,
the effects of going without food for a few than is generally thought to be needed. Ove r
days become less severe with each .ucces- a period of a few days food Intake can be
sive fast experienced, drastically reduced without  seriously Inte r -

In all the combinations studied , except the fering with the soldier ’s ability to accorn-
con t ro l  (combi nation 1) ,  there  wa, a loss in pu s h  ph ,’sical work.  Mobility of the soldier
body weight. When perce nt loss  Inbod y weight can be Inc reased when necessa ry  by l imi t i ng
is co rre la ted with percent change in ability the tota l food the soldier must ca r ry  or that
to work, the following generalizations appear: must be supplied. This  should give the field
3.5% loss In body weight 95% normal commande r a greater degree of flexibility

ability ; In decidi ng the item make-up  of c r i t i c a l  load
7. 5% loss in body wei ght 90% normal weight and space.

abili t y ,
10% Loss in body wetg ht~~85% nor mal *The r e sea rch  was conducted as a Joint p ro-

ability; gram between AMS and 0MG .

2. “SMALL UNIT CLOTHING TARIFFS”

by
Dr. Russell W. Newma n

Anthropology Branch , Environmenta l Protection Research Division
Quartermaster Research and Engineering Command

Introd uction contaminated or par t ia l l y de st roved c lothing.
I n c r e a s ed air  m o b i l i t y  should g r e a t l y i n -

As the U. S . Army adjusts its organIzation, t en s lfy  the normal  exchange  of c lo th ing  to
we apons , and p rocedures  to the era of meet seasonal r e q u i r e me ut s . t i. believed
atomic warfare , new logistical techniques that such deviations f rom the t radit ional
and concepts  are  beco ming n e c e s s a ry .  The clothing exchange sy s t e m  will occur with
accent on mobility extends from the m di - sufficient frequency and u r g e n c y  In tomor-
vid ual so ldIer  throug h the tactical units row ’s Army to require new field su pply
and i nto the log is t ical organization s . in concepts and t echn iques . Th e root of the
t e r m s  of the lo gistical e lements , we may trouble is a h uman f a c t o r - t ha t  men c ome
expect at le ast t h r ee  resu l t s  of t h i s  process:  In assor ted si ze s  and shape s , the exact
r edu ct ion  in se rvice per sonnel , cur ta i l ment distr ibution of which  cannot be predicted
of previous functions, and a shift of some except for very large groups.  The numbe r
function s to the combat  elements . Thi s latte r of items of any one size expressed as a
resu l tan t  p rocess  poses problems which wil l  f ract ion of the total  I tems i s sued  Is called
be t r ea t ed  he re ,  the  ‘ ‘ t a r i f f ’ for that  s ize.  Thus ,  for every

The mass  issuanc e of sIzed Items of cloth - thousand or ten thousand shoe s Issued  a
Ing and equipment  t o f or w a r d c ombate len-ients  certain proport ion will he Q D’ s: Supply
is u r  specific problem for the moment. Bulletin 10-S23 , 16 December 10cc , li sts
Mass issuances of what might be termed this figure as 5250 per 100,000 low-qua’-ter
‘emergency replacement It em s ’’ should oxfo r ds , based on ‘‘worldwide issue cx—

character ize warfare whe re C B R in some perience .’’ When sufficient  quantities are
form will n e r - e s s i t a t e  unit replacement of st ocked at a large issuIng Installat i on (fo r
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example , 90 day, of supply ) ,  local t n’tper- the ~ rst known attempt to cailcul&te realistic
fections in the size tariff can be adjusted on t*~ iff s for small unite of men . Its rationale
subsequent reorders. But, how can we oper- for being introduced In a Human Factors
ate on this basis in a truly mobile army conference is that onl y through long- term
for what are essent ia l ly  one-time issuances military support of one of the discipline.
and when stockages must  be kept at an ab- concerne d with human factors  could appro-
solute min imum? And , how can we acc om- priate data for this effort  be amassed and
pu s h  e ffect ive issuance.  in small combat available . H
groups (batt le-group s and smaller) where
there can be no reas onable expe ctation of Methodoloa greement  with worldwide Issue tar i f fs ?
It  shou ld  not be infer red  that such a problem
Is new to the A r my ,  f o r  It Is not; but It A number  of work ing  hypotheses had to be
should be a more serious problem in mobile used In this study without specifI c verifica-
war fa re . tion. It is hoped that these hypotheses will

Even with the sketchy background given be made clear to the reader , at lea st in so
above It should be possible to consider far as they are apparent to the wr i te r . The
various sol utions to thi s problem , inascend-  first hypothesis was that we c ould const ruct
In g orde r of their  probable utility . First , from our anthropometrlc files imagInary
we could obviate the problem entirely by combat units which would have sufficient
eli minat ing  all sizes In clothing and equip- reliability for  our purposes.  The file s from
ment .  This  Is patentl y i mpossible in the which we drew our material  consist  of rec-
foreseeable future for all items and need ords of approxi mately 100 ,000 soldiers ,
not be d i scussed  f u r t h e r .  (A part i al solution me a s u r e d  in 1946 , who ca me from all 5cc-
of reduc t ion  In s izes  in some i tems is pos- tions of the country . Our only method of
sible and wil l  be ill u s t r a t ed  later  In this br ing in g the se r ies  up to date was to extract
paper.~ Secon~t , we could minimize the prob - f rom It an age and race weighted sample
1c m by f i l l i n g units with selected sizes of of 10 ,00 0 ca rds of men who cor res pond to - -
men.  For example , we co uld have one unit  the age and racial  compositi on of p r e sen t -
consisting exclusively of small men, another day Army personnel . This series was meas-
of lar ge men , etc . The ulti mate cost of su ch u r ed on soldier s being sepa r ated at the end
a method In duplic ated training and inab i l i ty  of World War 11; the bodil y p ro por t ions  of
to f ree ly  ut i l ize  individual  capabilities would these men are  probably c loser  to a w a r - t~~ne
be ‘remendous and f a r  grea te r than any  Army th an we could gathe r todav. The second
possible  saving In ease of logist ical  support . hy pothesis was that we could assign clothing
Third , we conceivably could have each uni t  ~lzes to each  man accur at ely fr om his body
sur nntate the individual requi rements  of i ts measurements. We know that this will not
n’tembers  and order  only exactly what was alway s work but , if the e r ro r s  are random
required for those personnel.  This solution rather than systematic , they should balance
does not appear ve ry  realistic since it Is or cancel out in the long run. Therefore , we
based on the assumption that  someone knows extracted the per t inent  bod y measurements ,
exacti ’, who is in the unit , what  i. required , a s si gned clothing sizes , and made upa  special
and has the faci l i t ies  to rapidly sur nrnate this  10 ,000-man sample of IBM cards .  These
informat i on . Fu r the rmore , it  Is ass umed cards were then divided randomly into one
that the time in te rva l  between the collation hundred samples of 100 men each- -th e ran -
of the size informati on and the I s suanc e  of domness was achieved by using the final
the i tems will be so short that no casualties , digits of the man ’s series number In our
replacements , or t r a n s f e r s  wil l  have occured Larger  sample . F r om th en on it was si mple
wi th in  the unit .  While such a sys tem might to tabulate the sIze tariff for any item on our
be theoretically possible , Its feasibility In card on each of the 100-man samp les. We
the foreseeable future is not good . Fourth , also wished to accumulate sIze tariffs  on
we could use the present system and simp ly one hundred samples of 500 men each , and
order an excess  to ta ke care of deviation s we const ituted each of these samp les by
from the worldwide tariff , re turning the Un - combining five 100-man samples selected
issued stoc k a f t e rwards .  The critical problem from a table of random numbers.  Finally,
here I s to know just how many of each item we made up ten 1000-man samples by corn-
to order --cer ta inly  enough to cover  require - bining ten of the 100-man samples; also Se-
ments , but no more than that- -to minimize lected randomly (actually, we discarded any
the drain on the theater ~toc kplle and the 500 or 1000-man sample that contained a
wast ,ful , retrograde movement of unused duplIcation of any 100-man sample , so the
I tems. The more decentralized our basi. result was not trul y random). In tha t porti on
of Is sue b.comes , the more critical will be of the stud y reported here we used as our
the selecti on of the most appropriate numbe r critical fi gures the greatest occure nce in
of item. in the corr ect .tze~~, any size category in any samp le within th.

Thi. is th. essence of our paper--to pre- 100- , 500-, and 1000-man series. While each
Sent some of the techni que s and results of samp le in the 100-man series , for examp le,
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added up to only 100 garments, the total of each “uni t size ” (100 , 500 , or 1000 men)
the highest frequencies for headgear by size for each of the Items processed. We t ook
equalled 144 garments. Thus , the worst  con- eig ht categor ie s of sized items of clothing
celvable combinations (from our data) would as being representative of combat clothing
need 144 caps on hand to f it any  hundred men, and equi pment . This gives a total of 2400

si ze t a r i f f s  which will not be reproduced

B. ult here.  In fact , this paper will present no size
tar i f fs, only the sum totals which represent
the number of garments. The detailed mate-

It I. obvious f rom the foregoing that we rial will be pres ented e lsewher e In a more
ended up with one hundred size tariffs for technical report.

TABLE I : SMALL U N I T  CLOTHIN G TARIFFS
ALL lIEN FIT’TEI) WITH PREDICTED ~IZES

No. 100-Man 500-Man 1000-Man
Ite m 51ze~ Units Units Units

Headg ear 7 14.4 (44%) 588 (18% ) 1124 (12%)

Handw ear 5 128 (28%) 573 (15% ) 1095 (:0%)

Sockgea,r 5 147 (47%) 56 (i~%~ 1106 (11%

Upper Body, Girth Sizes Only 5 142 (42%) 578 (16%) 1111 (11%,

Lower body, Girth Sizes Only 5 140 (40%) 584 (17%) 1095 (10%)

Upper Body, Girth & Length Sizes 11 174 (74%) 641 (28%) 1186 (19%)

Lower Body, Girth & Length Sizes 9 162 (62% ) 623 (25% ) 1160 ( 16%)

Footwear 37 248 ( 148% ) 763 (53% ) 1339 (34%)

The categories of items , the numbers of For footwear we arbitrarily used a reduced
sizes analyzed , the total number of items sizing system of only whole lengths (7 , 8 , 9,
required for each sized unit, andthe percent- 10 , etc.) and every other width. Combat foot-
age of overage (number of garments In excess wear is presently not Issued in this way, but
of numbe r of men) are listed in Table I. Some it seemed the only feasible way to achieve any -
explanation of the Item category is required , thing approaching a reasonable overage. We
For head~ zar we used the familiar cotton , have used a reduced number of shoe widths in
field cap, which is our principal item of rubber combat footwear for some time ; also
combat head gear when the helmet is not worn there Is evidence from a recent study that
or cold-weather protection is required under every other shoe length may be acceptable.
the helmet. For handwear we used the s izing It is obvious that the tariff totals given
system of the leather glove , shell , our pr ln- in Table I are not the highest that might
ci pal work glove . For sockgear we used the be encountered if thi s system were used
cushion-sole sock with which you are a’[l for hundrtds and thousands of units. On
familiar. The next four items in Table I the other hand , we have gone far beyond the
are really indicative of several garments worst samp le in the one hundred samples
which Integrate together In combat clothing, analyzed when we selected all of the maxi-
Upper body, girth size only, represents such mum size frequencies. There doesn ’t seem
items as the winter undershirt, the field shirt, to be any statistic designed to express the
the parka and others which are sized as confidence with which our tariffs can be
small, medium, la rge, etc . The lower body, viewed, but It is my personal opinion that
girth size onl y , represents compa r able gar - we have subsumed at least 95 percent of the
ment~ such as winter underwear drawers possible combinations.
and the liners for  cold weather t rousers .The For the reader ’s convenience , the total
two items listed as uppe r and lower body, garments required per 100, 500, and 1000
girth and length sizes , refer  to garments such men have been charted graphically in FIgure 1.
as the coat , man ’s, field ( former ly the field t will be apparent f rom the eve -drawn curve s
jacket)  and trousers whIch are sized in both In this fi gure that Interpolation to any number
small , medium, large and short , regular , long, of men between 100 and 1000 is possible for
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any Item. Thi s fi gure is not intended as a It might be possible to extrapolate to 1100 or
pract ic4l working tool since this would re- l~~0O men with little loss of accuracy,  b u t
quire separate size grap hs for each Item, extrapolation to less than 100 men might be
However , such graphs a r e perfec t ly f eas ible , unwise.

/

1

2~~~~~~~~~~~~~~~~~~~~~~~~~~

- Heodweo r
6 Lowe, Body G~,th Only

20 7 Upp er Body , G r e  Onl y
8 HOndweO,

0 , ~~~~~r — - -

t OO 500 1000
Men Men Men

U ‘~ I T  S I Z E

Figure i Garment f l ve raqe  for Small lin t T or i f f s

Reduction in Number of Stzes QMC R&E e f fo r t  to reduce sizes or make one
size cover a larger segment of the population,

In the intr oduction , reduction in the mum- For example , we now furnish combat body
ber of sizes required to adequatel y cover clothing In a four-Inch chest  grade which
the military population was mentioned as a means one -fourth the number of size s used
possible solution of small unit ta r I f fs . This In men ’s commercial  suits or in our military
would not be simple to achieve since , for semi-dress  clothing (Army green uniform).
almost a decade , there has been a continuing We furnish head gear In only one-half the
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sizes ca rr ied In commerc ia l  s tores . Fur t h e r -  ca l cu la t ions  on smal l  uni t  t a r i f f ’, can i .e
mo r e , we a r e  convinced that  we canno t  s acr i -  made. These  are  s t r e t c h - t ype c u s k u u n  - so le
lice design and fit  to the point where  the socks and the c otton f i e l d  ap .  The so ks  -c
c lo th in g and equi pment  c onst i tu te  an u n r e a -  a mi l i t a ry  v a r i a t i o n  of s t r e t c h - t y p e  c orn-
sona le d e c r e m e n t  to the  e f f i c i e n cy  of the  m e r c i a l  socks  wi th  wool ir, c o n t a c t  -.~i t k  the
i n d iv i d u a l  soldier . The univ technolog icat f oot , and the caps i n c o r p o r a t e  one or  m o r e
progress In th is  a r e a  which  ap p ea r s  to  have  s t r e t c h  pane ls  in the  c r o w n . Both i t e r  pre-
r eal pro mise for the nea r  f u t u r e  is the  in-  sumabl y can cover the m i l i t a ry  p o p u l a t i o n
c o r p o r a t i o n  of the  s o - c a l l e d  ‘‘ s t r e tc h ’ ’  y a r n s  with t h r e e  ‘. ize i n s t e a d  of the  f ive  or se .  en
as  i n t e g r a l  or a u x i l i a r y  p a r t s  of g a r m e n t s , s i z e s  r e q u i r e d  with ou r  p r e s e n t  ~‘ar ~~e r t s .

T h e r e  a re  two combat  c l o t h i ng  i t e m s  u t i l  - The  m a x i m  im tota l  n u m f e rs  r e q u i r e d  a re
iz in g s t r e t c h  m a t e r i a l  which a re  far  enoug h g i v e n  in Table II which can be ompared  with
along in the d e v e l o p m e n t a l  s t age  so tha t  r e -  the same i t e m s  l i s t ed  in Table 1.

~Ai31.E ~I :  - ~~~ U~I 1~ 10 l i l d O  ~~0ll-F:
FOR

LUG—Ma : - 50 —Liai 100 I— ba:
‘ n~ te Ur il

3 i- u ~201 ) 553 (11%) 1075 (-:~%-

3 20 (2-)~ ~e.2 ( 3 ~ ) j J 5~ ( ‘ % .

It wil l  be seen t h a t  the size r e d u c t i o n  h a s  amp le , our  p r e s e n t  s y s t e m  of p a :  kag in g 
— -

r e s u l t e d  in a p p r o x i m a t e ly h a l v i n g  the o v e r-  c u s h i o n- s o l e  sock gear  is to p lace 420 pa i r s
age fo r  100-man u n i t s  and r e d u c i n g  the o v e r -  of each  size in i t s  o .vn f a c t o r y  c a r t on .  Al- - -
age by at leas t  a t h i r d  in l a r g e r  u : i t - . T h is  thoug h th i s  a be the c h e a p e s t  way to
should be a si gn i f i can t  r e d u c t i o n  of the log i s-  package  socks , and amenab le  to ~a rg e - sc a 0~
ttcal reqvirernents , and probabl y i nd i ca t ive  of i S Su e , i t  exceeds  the size r e q u i r e m e n t s  f o r
the g e n e r a l  l e v e l  of s a v i n g s  tha t  mi g ht  be 1000-man u n i t s  in e’ r - , - s ize and by as m u c h
accompl i shed  in o t h e r  i tems if s i m i l a r  r e -  as t e n - f o l d  in the l ea s t  p o p u l a r  s~ z ea .  We
desi gn becomes poss ib le .  In fact , even  if the fee l  t h a t  one log ica l  i m p l e m e n t a t i o n  of t h i s
small  g roup  t a r i f f s  g e n e r a t e d  by this  s t u d - , r e s e a r c h  would be the reation of a certa :.
are never  used in w a r t i m e  supp ly , they  may p e r c e n t a g e  of our  s t ocks  in ‘ unit ’ p a c e . ,
prove a usefuL device by which to gauge r e a dy  fo r  supply  e m e r g e n c i e s. Wha t  we ha~~e

• p r o g r e s s  in the s impl i f i ca t ion  of c lothing t r ie d  to e m p h a s i z e  is that  t h e r e  a re  r ead i ly
s izes , ava i l ab le  r e s e a r c h  data , such  as our  an-

th ropomet r i c  s e r i es ,  which  c a n  pay l a rg e
C o n clu s i o n s  d i v i d e n d s  in the so lu t ion  of h u m an  t a r t a c

p rob l ems .  Since our  approach  -s ta r ted  wi ta
• This shor t  presenta t ion has avoided many data which are p a r ti c u l a r l y  suitab le f o r  E A M

of the complex i t i e s  of supp ly ing sized i t e m s  mani pu la t ion , w e  can and hope to  rnD difv  Our
to small  u n i t s . Some of the t h o r n i est problems anal y s e s  in the li g h t  of f u r t h e r  r e s e a r c h  on
will fa l l  in the a r ea s  of p a c k a g i n g  or con- the reduct ion of size s and possibly on f ie ld
t a i n er i z i n g  such t a r i f f s and imp lemen t ing  t r i a l s  of the supp l y p r o c e s s e s  in t o r n or r i  v ’ s
app rop r i a t e  f i e ld  i s sue  p rocedures. For cx-  mobile  a r my .

3. “ENVIRONMENTAL CRITERIA FOR EQUIPMENT DESIGN”

by
Dr. William B. Br ierly

Quartermaster Research and Engineering Command

In o r d e r  to attain the capability of con - b . tr ’ se lec t  and u t i liz e  e n v i r o n m e n t a l
duc ting mil i tary operations in any wor ld  t e s t i ng  s i t e s  In o rde r  to test equi p-
a r ea , the De par tment  of the A r m y  policy is:  ment , su pplies and t echn iques  und er

a, to ins ure  that all combat and combat all type s of e n v i r o n m e n t a l  c o n d i t i o n s
support mater ie l  Is capable of sa t i s -  f o r  wh ich  e a c h  was in t e n d e d .
fac tory  pe r fo rmance  at all t imes under  c. to ana l yze  the pe r l orn -t ance  capah i l i t ~extreme , as well  as basic  o p e r a t i n g  of A r m y  equi pment and materiel prior
conditions, to or concurrent with the commitment
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c i  . \ r r u y  f o rc e s  in i v  , sr e  of t he  w o r l d  N w  w h a t  i s  b e i ng  done to imp l e m e n t
in o r d e r  to i n s - r i ’ .se l~~ct i o n  1 t h e  mos t  t h i s  ph i lo so p h y in  the  D e p a r t m e n t  of l)e-

I I  O l e  st an d ,t  rd and sp e c i a l  eq u i p  — lens e
ment  and t o  b r i r : ’ to li g ht  i n s  l i i  t , ~~ Uncle r the  . iu s l i c e  s of the  OAS D hh  Li
t i - n ’ ,  in  p&’ r I r r a in c e  c a u s e d  b y e n v i r i n —  an  Env i  r o t h  d’ r k i ng  G r o u p ,  c o m p o s e :
m er: t i l  s t r e s s e s .  of pc r a t i n g  p e r s o n n e l  f r o m  each of the

~ iisi .j l j  the se p l i c i e s  be •itti i n - l  t h e r e  t h r e e  M i l i t a r y  cp ,  r t r r i e n t  s , t i v e  o ’i- n m e e t  -

‘~ u li.l be no d i f f i c u l t y  in  o p e r i t i n c  a n y w h e r e  i n g  on a , r t - ’. j h t  r e l a r  b a s i s  s i nce  27
in t h e  w o r l d .  n:c r h a st e  pc r i l i n g  c o n d i —  ~\ u g u s t  1957 w i t h  the  o l ,1e  Ic. e in i-n ine  of
t l ~~~~ s ( t h o s e  u su a l l y me t  in t h e  t e i ap e r i tc ’  p r r p r i n g  an En g i n e e r i n g  I O n  j r St i n d a r d i —
ar e i s ~ m a s t  of t h e se  p o l i c i e s  have been  1, i t i r a i t l i n  t h e  E n v i r o n m e n ta l  F i e ld .  si

app lied s i c c ~~sst :1ly .  In a r e i s  of ex t r e m e  i n i t l i ~ p lan  w a s  p r ’ p or e i and is now b e i n g
op e ra t i n g  c o nd it i o n s ,  w h e t h e r  hot or  c l i . i i  p l e t n e n t e l  by v a r  - i s  ~~u O  a , r k  i r e  0 r o m p s ;
wet  or dr \ , m o u n t i r a u s  o r  l o w - l \  in g ,  t he  O u l i c v  s t a t e n e n t s  and S t a n l a r - ~ i/  t o n  t a sks
same d e g r e e  of  s u cce s s  h a s  no t  l e e n  a t t ~~ i r , ’ I ,  i :. e b e e r  comp leted . It i s  hoped t c a t  th e

a i r i c e  t h e  a cr I d  is  c o mp o s e l  i f  a - r e  l it  p l a n  - - -- - i l l  soon be read y f o r  d i s t r i b - i t  i t :  snd
many  ens  I r o n m e n t s  . i n i  s i n e  m u c h  of . - :  r - r i en t  b e f o r e  i m p l e m e n t a t i o n .
equi pm e n t  or i:,t t c rm el s s i l l  not he u s e d  in l i e  p l a n  e n v i s i o n s  a b l e n d i n g  of shi r t  and
i r e  s of e x t r e m e  ape  r a t i n g  c o n d i t i o n s  one long r a n g e  r e s e a r c h  and s t a nc i r e i z  , i t i O n
wo n d e r s  s’. h e t h e r  t h e  same r i g i d  r u l e s  shou ld  p r o j e c t s ,  w h i c h  w i l l  e v e n t u a l l y p l ace  0 - i c

app l y r s b e t t e r  t h ey  shou ld  not be li m i t ed  whol e p r o g r a m  on a v a l i d  s c i c t i t i f i  l o s e .
to • ‘ c r i t i c a l ’ ’  e 1 - i l : : e n t  onl y .  the  c r i t i c a l  b a s e  point , l i k e  any  o t h e r  scien-

In t h i s  r e s p e c t , t h e  i n c r e a s i n g  c o m p l ex i ty  t i f i c  p r o g r a m , is  to g e t  the  p r U i em  d e f i n e: ,
o f : i i l i t , r ’,- 0 ~~. i ; - : en t  has  been g e n e r a l l y T h i s  m e a n s  t h a t  we m u s t  k n o w  a n t  p r o c e s s
a c c o m p a n i e d  by an i n c r e a s e  in s e ns i t i v i t y  to of deterioration is t a k i n g  p lace or c a u s i n g
local environmental i - n Ot i o ns  - This  p r e s e nt s  f a i l u r e  o r  l i m i t i n g  p e r f r t ance , and what
a v e r y  g r e  p rob l em s ince  m o d e r n  war may e l e m e n t s  of the  n a t u r a l  e n v i r o n m e n t  a r e  in -
r e q u i r e  c r i t i c a l  equ i p m e n t  to o p e r a t e  a c r o s s  f l u e n c i n g  and a r e  e x e r t i ng  t h e  St r e s s  and
:tc.,n v s’ i : .  j r  - n r . e r i t : il  a r e s w i t h i n  a v e r y  s h o r t  how the stress is e x e r t e d .  Once t h i s  has
t i m e,  been d e t e r m i n e d  the c r i t e r i a  used f . r des i g n -

The S ta f f  p l a n n e r  and the  f i e l d  c o m m a n d e r  ing  t e s t s  can  be e s t a b l i s h e d  and the f r e q u e n c ’ ,
must bas e reliable estimates for evaluating duration and a r e a l  d i s t r i b u t i o n  can  he
p e r f o r m a n c e  to be e x p e c t e d  of his equi pmen t  p lo t ted  f o r  reg ions to d e t e r m i n e  ab u t  mil i-
and m a t e r i e l , the  c i r c um s t a n c e s  l i k e l y to t a r v  r i s k  f a c t o r  w i l l  be a c c ep t a b l e .
b r in g  about  si g n i f i c a n t  d e t e r i o r a t i o n  in tha t  it  m u s t  be u n d e r s t o o d , h o w e v e r , t ha t  the
p er f o r m a n c e , the  p a r t i c u l a r  f a i l u r e s  l ike l y to m i l i t a r y  r i sk  f a c t o r  is not a c o n s t a n t  bu t
o c c u r , and the r e m e d i a l  m e a s u r e s  n e ce s s a r y .  wi l l  v a r y  f r o m  o p e r a t i o n  to o p e r a t i o n  as

The new Pentari a arid s imilar  doc t r ines, well  as fr o m  a re s  to a r e a .  But on’y by
the speed with which critical situations can knowing the environment and  equi pment  per-
a r i s e , and the g r e a t  v a r i e t y  of t a c t i c a l , f o r m a n c e  in tha t  env i ronment  wi l l  this flexi-
s t r a t e gic and o p e r a t i o n a l  e n v i r o n m e n t s  pos-  b i l i t y of m i l it a ry  r i sk  have any  s u b st a n c e .
s ib l e , make it most  i m p o r t a n t  that  an a l l -ou t  One impact of t h i s  phi losop h y may se l l
e f f o r t  be made  to imp l e m e n t  the D/ A  p ol icy  r e s u l t  in p l a c i n g  s t r i n g e n t  d e m a n d s  upon
s t a t e m e n t s  m a d e  above in P a r a g r a ph 1. e n v i r o n m e n t a l  anal y s t s  as wel l  as upon t e s t -

B e f o r e  thi s  can be accomplished our ing pe r sonne l  and may n e c e s s i t a t e  ex t e n d i ng
p r e s e n t  ph i l o s o p h y wi l l  have to be m o r e  the  o b s e r v ed  spec t rum of e n v i r o n m e n t a l
c r i t i c a l ly e x a m i n e d.  The e n v i r o n m e n t a l  f a c t o r s  beyond p r e s e n t  c a p aoi l i t i e s .
f a c t o r s  m u s t  be e v a l u a t e d  on m o r e  r e a l i s t i c  J u s t  as the proof  of the pudding is in the
t e r m s , onl y c r i t e r i a  t h a t  have known app li- ea t ing ,  so the c l imax must  be field te -  t s
cations m u s t  be used , tests  m u s t  be desi gned s i m u l a t i n g  w a r t i m e  t a s k - f o r c e  o p e r a t i o n s .
so tha t  t hey  lend t h e m s e l v e s  to s t a t i s t i c a l  This wi l l  po in t  up the  w e a k n e s s e s  in both
analys is  when poss ib le,  more  ri g id stand - human eng inee r ing  and equipment  capabili-
a rds  m u s t  be e s t a b l i s h e d a n d  s t r i c t l y adhered  t i e s  in an e x t r e m e  e n v i r o n m e n t .
to in o r d e r  tha t  a more  valid ba s i s  fo r  com- Al though  we can desi gn equ ipment  tha t
pari son  be tween  t e s t s  w i t h i n  the M i l i t a r y  will  work  in most  a reas  of the wor ld , the
De p a r t m e n t s  can be made , and f i n a l l y the re end r e su l t  will be l imits  i n i p o s e d  by the
i-m ust be an e f f e c t i v e  relat ionshi p established capabili ty of man to live , f i ght and ope ra t e
between s t r e s s e s  as the y occur  in n a t u r e  and equi p m e n t  u n d e r  a dv e r s e  c o n d i t i o n s .
those  s imu la t ed  in t he  l a b o r a t o r y .  Should The ep i tome of t h i s  philosophy is k n o w l e d ge
t h i s  philosoph y be c a r r i e d  out ope ra t i ona l  of the  p e r f o r m a n c e  c a p a b i l i t i e s  of both man
capab i l i t i e s  of the A r m y  would inc lude  the and e q u i p m e nt  fo r  any season  of the yea r  in
w o r l d,  a ny  p a r t  of the  wor ld .
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VII. U.S. ARMY TRANSPORTATION CORPS PRESENTATION

“GHOUND MOBILITY AND TRANSPORTATION”

by
Dr. John W. Bailey

Transportation Research and Engineering Command

Cont ro l  of the land is still  a p r e r e q u i s i t e  t ions  in s t a n d a r d  c o n d i t i o n s . N e v e r t h e l e s s,
to m i l i t a ry  s u c ce s s ,  Gett ing con t ro l  of the c i v i l i a n  c r o s s - c ou n t r y  v e h i c u l a r  r e q u i r e -
land  u s u a l l y invo lve s some sort of t r a n s  - ment s  d e v e l op m e n t s  have  been  i n c r e a s i n g .
p o r t a t i o n --e i t h e r  by land , b y wa t e r  or by a i r.  Such d e v e l op me n t s , I m a y  say  in p a s s i n g ,

In The Second W o r l d  War , g round  i - n ob i l i t y  a r e  c l o s e l y  w a t c h e d  f o r  what  b enef i t m-a~’
was  fa r  f r o m  s a t i s f a c t o r y  even  thoug h m ea -  a c c r u e  to the M i l i t a r y .
sured  u n d e r  the most  f a v o r a b l e  c o n d i ti o n s , A r m y  veh ic l e s , on the other  hand , a re  not
Th i s  s i t u a t i o n  is  ‘- t i l l  a bi t  f u zc v , e s p e c i a l ly s ub j e c t  to set  e n v i r o n m e n t  c o n d i t i o n s.  Mob i l—
when we cons ide r the  i mp a c t  of n u c l e a r  i t y  of the  a r m i e s  is  not  r e s t r i ct e d  by an on-
w e a p o n s  upon the  peace and s e c u r i t y  of t h e  w i l l i ng n e s s  to fi g ht off  the  bea t en  t r a c k . M-
w o r l d .  G r o u n d  m o b i l i ty  - - p a r t i c u l a r ly c r o s s  - b i l i t y  is , none  the  l e s s , r e s t r i c t e d  b y s e r i o u s
c ount ry  mobili ty - -is now more  e s s e n t i a l  t h a n  t e r r a i n  o b s t a c l e s  and b y the “ s t a t e  of the  a r t ”.
ever  before . The re  e x i s t s  in the  w or l d  t o d a y  a s t a t e  of w i d e-

The t r a n s p o r t a t i o n  equi pment  d e s i g n e r  is sp r ead  u n r e s t  and  a r e q u i r e m e n t  f o r  f l u i d  d i g -
faced wi th  the e v e r - p r e s e n t  problem of h a v i n g  p e r s i o n  and  gr e a t  m o b i l i t y  in n u c l e a r  w a r f a r e .
to combine  as many op t imums as poss ible :  These  two f a c t o r s  cal l  f o r  the a n t i c i pa t i on  and
m ob i l i t y ,  r a n g e , speed and other  d e s i r a b l e  pl ann ing  of c r o s s - c o u n t r y  o p e r a t i o n  in van -
f a c t o r s  mus t  be jo ined  i n s o f a r as it is corn - ous reg i on s . . . .a r c ti c , d e se r t , p r a i r i e , t r o p ic .
pat ib ie  with economy,  d e p e n d a b i l i ty , r u g g e d -  In f ac t , al l  l andscapes  mus t  be c o n s i d e r e d.
n e s s , p r o t e c t i o n , s imp l i c i t y ,  li gh t n e s s  and The i nadequacy  of e x i s t i ng  knowled ge has
c o m p a c t n e s s .  The major  d i f f i c u l t ’-  fa c i n g  the been r e c o g n i z e d  and i m p o r t a n t  steps have
des i g n e r , is , I be l ieve , the  lack  of ava i l ab le , been , and a re  b e i n g ,  t a k e n  to c o r r e c t  the
p r e s c r iptive , c o m p r e h e n s i v e  i n f o r m a t i o n  on d e f i cie n cv , . . . by G o v e r n m e n t , by In d u s ir s  , and
the s a t i s f a c t o r y  r e l a t ionsh ips be tween  a land by our c e n t e r s  of hi g h e r  l e a r n i ng .  The t a s k
vehic le ’ s ‘ ‘ form ” and the  e n v i r o n m e n t  in of f u r n i s h i ng  the r e q u i r e d  knowled ge is a
which it operates, partic ’alarly in c ross- project for many individuals and agencies
c o u n t r y  or  o f f - r o a d  o p e r a t i o n s .  F u n d a m e n t a l  ra the r than the p r o j e c t  of a s ing le  g r o u p  or
ques t ions  a r e  j u s t  beg i n n i n g  to be a n s w e r e d .  o rgan i za t i on .  It is g r a t i f y i n g  to see the

This  slowness is not un ju s t i f i ed .  We all p lura l i ty  of in te res t  and work on those prob-
know most au tomot ive  eng i n e e r i ng  k n o w - h o w  lems .  Without  such widesp read  i n t e r e s t  and
and ex D e r i e n c e  have grown f r o m  the o bse r v a -  w o r k , land mobil i t y will not emerge  in tha t
tian and tabula t ion  of the  m a c h i n e  in what  is r a t iona l  con - jo in ing  of e n v i r o n m e n t  and m a -
a r a t h e r  s imple e n v i r o n m e n t :  a h a r d  su r f ace  chine  which  is so n e c e s s a ry  in the  atomic
or roadway.  I n d u s t r i a l  e f f o r t s  have been  age . The  p r e s e n t  mee t i ng  is c e r t a i n l y  a s tep
airre ’I  at r e f i n e m e n t  and i mp r ov e m e n t  of toward  t h i s  e m e r g e n c e .
n-t -icl- ian ical and t echno log ical d e t a i l s  of the In the  r e m a i n i ng  t ime , I should  l ike  t o d i s -
cr -h in e  by c omm e r c i a l  appl ica t ion .  The  c u s s  some c u r r e n t  and  p r o j e c t e d  m i l i t a ry
°er ’;ices ’ r e q u i r e m e n t s  have s u f f e r e d  as a t r a n s p o r t a t i o n  d e v e l o p m e n t s .  Some a r e

Ne ti-i the A r m e d  Serv ices  assume d early interim measures --but steps toward
that the highway vehicle has reached some - the ultimate goals.
t h i m . ‘ f i n a l .  Im p r o v e m e n t  of i ts mobilit y wou ld • -T r a n s p o r t a t i o n  Oevelopmentsseem to depend upon hig hway improve ment  - _ - - - -~~ 

- -  - - - -~ - —

or e x t e n s i o n  r at h e r  t h a n  a f u r t h e r  change in -i c u r r e n t  amp hibious d e v e l o p m e n t  is the
the  veh ic l e  i t s e l f . There  is l i t t l e  hope , R A R C , The B A R C  is a la rge  w h e e l e d , r a m p e d
c o n s e q u e n t l y , tha t  road t r a n s p o r t  t e c h n o l o g y  a m p hib ian , d e s i g n e d  to t r a n s p o r t  v e h i c l e s -  -
-v iii directl y foster the d e v e l o p m e n t  o f c r o s s -  t a n k s , mobi le  c r a n e s - - a n d  o t h e r  c a rg o  up to
‘ oun t rv  v e h i c l e s . t 0  t ons  f r o m  shi p to s h o r e  and over  the  beach.

-~~e r e c o g n i z e , of cou r se , t h a t  the r e q u i r e - It p ros - ides  the  -\ r m s -  with a new d im e n s i o n
n-te nts of industry and commerce in ground in mobility and heavy-lift capability for
r r i o l i i l i tv  d i f fe r f r o m  m i l i t a r y  g r o u n d  mobil i ty a m p hib ious  o p e r a t i o n s .  A l imi ted  n u mb e r  of
r e q u i r e m e n t s. S p e a k i n g  b road ly , i n d u s t r y  and f i r s t - r u n  p roduc t ion  models  are  p r e s e n t ly
c o m m e r c e  ar e  more  c o n c e r n e d  wi th  opera-  u n d e r g o i n g  t roop  t e s t s .
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Comp l e m e n t i n g  d e v e l o p m e n t  of t he  B A R C  and t h r e e  m i l e s  per  h o u r  we h a v e  b ee mi  ob-
are  the i - t o n  and I S - t o n  . a r i p h i - i . a n s , c u r -  ta m i ng  f r o m  t r a c t o r t r a i n s .
r ent l y  in the des i gn s t a g e .  The  ~‘- ton  i r a  - The Logistical Cargo Carrier , Mark I , is
phibian ss-ill have drop sides for side l o a d i ng  made  up of a lead ‘, e h i c l e  arid t i ree c a r g o
and u n l o a d i n g  m d  w i l l  lie ab le  to ne g t r s t e  t r a i l e r s .  The  lead veh i c l e  houses  the con t ro l
rou g h t e r r a i n  ad j a c e n t  to the  caches . The s t a t ion , c o m m u n i c a t i o n  s ta t ion , c r e w  quar-
1 5 - t o n  .amp h i b i a n  w i l l  p r o v i d e  r a m p  o,a l i n g  t e r s , and  t he  powe r p lant  and fue l  t a n k s . The
or u n l o a d in g ,  and lie e q u a l ly  cap a b l e  of beach p o w e r  p lan t  is  a 600-h p d ie se l  eng ine  dr i ving
and roug h t e r r a i n  m o v e m e n t .  T o g e t h e r  wi th  th ree  g e n e r a t o r s .  The main  g e n e r a t o r  p r o -
the B A R C , they  c o m p r i s e  a new f a m i ly  v ides  p o s e r  to m o t o r s  in each of the  s ix teen
of amp h i b i a n s , s u p p o r t i n g  b a t t l e f i e l d  wh e e l s .  The w h e e l s  m e a s u r e  10 f e e t  in
mobi l i ty  r e q u i r e i-n e n t s of the  g r o u n d  d iame te r  and 4 f e e t  in width , and in combina-
f o r c e s ,  t i n  w i th  low p r e s s u r e  put down a l a r g e  t r e a d

W i t h  the Q u a r t e r m a s t e r  C a r p - ., sse a re  a r ea .  The whee l s  t r a c k  a u t o m a t i c a l ly behind
deve lop ing  two R o u g h T e r r a i n  F or k l l it s :  a the w h e e l s  of the  lead v e l i i o l e . Overa l l  l e n g t h
b , 000-lb  n-m ode l , and a 10 , 500 - lb  l i f t  model , of the  M a r k  I is 174 f e e t ,  The  r a n g e  is 200

The Roug h T e r r a i n  F o r kl i lt s  a r e  desi gned  m i l e s , admi t ted ly not what  we would like it
to t r a n s f e r  un i t i zed , c o n t a i n e r i z e d  ( i n c l u d i n g  to be.
the C O N E X  C o n t a i n e r ) ,  and bu lk  c a r g o  in and A s u c c e s s o r  to the Mark  I is a l read y
a b o u t  t e r m i n a l  a r e a s , and f r o t r i  i a n d i n g  c r a f t  planned , the  M a r k  11 . It wi l l  be a 12 -c a r  c o n -

to o ther  v e h i c l e s  fo r  t n ov e n i en t  to i n t e r c h a n g e  v en t i o n a ll y powered  t r a i n , p r o v i d i n g  g rea te r
and f o r w a r d  depots  in the A r m y  area . T h ey  t o n n a g e  h a u l i n g  capabi l i ty ,  among o the r  a d -
are  equi pped with 4 — w h e e l  s t e e r i n g  and hi g h v a n t ag e s .  This  v e h i c l e  will a l low t e s t  of a
f l o t a t i o n  t i r e s  which enable  them to hand le  1 2- c a r  concep t  pending a . a il a b i l i t y  of a
m a t e r i a l  on sand , deep  s n o w , and o the r  n u c l e a r - p o w e r e d  car , a d e v e l o p m e n t  wh ich
t e r r a i n  which immobi l izes conven t iona l  se-  p r o m is e s  to he s o m e t h i ng  of a t echnological
hid es .  They combine  wi th  the need for  wide b r e a k - t h r o ug h in o f f - r o a d  m o b i l i ty .  U t i l i z ing
d i spers ion  and dep loyment  of supp lies , to a nuclear  r eac to r  fo r  an o f f - r o a d  t ra in  such
prov ide  a hi gh degree  of mobi l i ty  in the as the Logis t ica l  Ca rgo  C a r r i e r , has  een
suppl y and log i s t i c a l  s e r v i c e s  i n  s u p p o r t  of d e t e r m i n e d  to be f e a s ic . e .  It would be c a p -
the combat f o r c e s , able of hau l ing  l a r g e  t o n n a g e s , r ap i d l y ,  c r o s s -

A t e a m m a t e  or cous in  to t he  R o u g h T e r -  c o u n t r y ,  o v e r  a r c t i c , d e s e r t , p r a i r i e , and
r a i n  F o r k li f t s , the  Roug h T e r r a i n  C r a n e , o ther  t e r r a i n  in suppo r t  of t o m o r r o w’s a r my .
is c u r r e n t ly  in the f a b r i c a t i o n  s tage  of The army has a proposa up to the Depa r t -
d e v e l o p m e n t .  I t  w i l l  be capable  01 o p e r a t i n g  n-tent of Defense  now to let is go ahead wi th
in su r f , s h o r e , sn ow , and o the r  d i f f i c u l t  t e r -  i ts deve lopment. Its o u t s t a n d i n g  f e a t u r e , of
r a i n , and w i l l  p r ov i d e  us w i t h  a m o b i l e  c o u r s e , would be its abi l i ty  to ope ra t e  for
l i f t  c a p a b i l i t y  up to  10 t o n s .  W i t h  Roug h long per iods of t ime wi thout  r e fue l i ng ,  and
T e r r a i n Fork l i f t s , it r e p r e s e n t s  a n o t h e r  the by - p r o d u c t s :  i n c r e a s e d  range  and pay-
means  to support  mobilit y of the  combat load. The reac tor  would be located at the
f o r c e s,  r ea r  of the t ra in  to min imize  c r e w  e xp o s u r e

Still another  means to r e d u c e  d rag  on the to radiation.
combat forces  in a nuc lear  c l imate  of dj s-  Anoth er area of o f f - r o a d  or c r o s s - c o u n t r y
p e r s i o n  and f l u id i t y ,  and p r o v i d e  us with o f f -  mobi l i ty capabili ty which the Army Trans-
road f l ex ib i l i ty  in the movemen t  of c a r g o , is  por ta t ion  Corps  must  an t i c i pate and plan for
the O v e r l a n d  C o n v e y o r  Sy s t e m .  It i s  des i gned is in m a r s h y  t e r r a i n .  Based on a r e c e n t
to move pallet  loads , c on ta iners , and other  s tudy,  we are proposing for  deve lopmen t  a
c a r g o  c r o s s - c o u n t ry ,  wi th  spec ia l  a f f i n i ty  for m a r s hy t e r r a i n  veh ic le .  It will be of the
dif i c - i l t  t e r r a i n .  The Over land  Cons-eyor  f loater type , be befly less , and be long and
Sy s t e m  is sec t iona l i zed, a i r t r a n s p o r t a b l e, n a r r o w  cons i s t en t  with s tabi l i ty  r e q u i r e -
and can be qu i ck l y a ss e m b l e d ,  It r e d u c e s  or m e n t s .  It will have hi gh o b s t a c l e - c r o s s i n g
does away wi th  t r u c khau l s , and p rov ides  a abi l i ty , and ca r r y  a minimum net pay load of
more  c o n t i n u o u s  means  of t r a n s p o r t  than  is f ive tons .  Such a veh ic le  will be also suitable
possible with individual  t r a n s p o r t  un i t s .  The for  operat ion in tundra and rnuskeg c o u n t r y . . .,
Over land C o n v e y o r  will  be on d i sp lay at the found over  wide areas  in Alaska , Canada , and
Buna Hill  demonst ra t ion, A more advanced the Soviet Union.
model is C u r r e n t l y u n d e r  deve lopment .  Ano the r  development is the Rol l ing Fluid

Spot l igh t ing  the g rowing  s t r a t egic i r r ipor -  T r a n sp o r t e r , which  is designed for  road and
tance  of the  Arct ic  regions  and the need for o f f - r o a d  fuel  t r anspo r t  and has just  f in ished
rapid C r o ss -count ry  mobi l i ty  in such reg ions , c ross  -count ry  deep  snow mobility tests  in
Is the Logist ical  Cargo C a r r i e r , M a r k  I .The N o r t h e r n  Michi gan . at Houg hton . Each trans-
Mark  I has a pay load of 3 0 to 4 5 tons  at p o r t e r  is capable of carrying 500 gallons of
s peeds of 10 to 20 mile s per hour over Arctic  fuel , with a discharge rate of 50 gallons per
terrain. These speeds may seem r a t h e r  low , minu te , and Is paired with a ri g to provide
but they are appreciably greater than the two 1000-ga l lon  towing un i t s . Each unit c ornpris-
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in g two t r a n s p o r t e r s  and towing ri g wei ghs C onclusion
2 3 0 0 - l b s  e mp ty .  O v e r a l l  width  is 96 i n c h e s ,
so t h a t  i t  can he towed on roads and hi g hw a y s  I h a v e  t r ied to i nd i ca t e  tha t  the  e r r i p l a s i s
w i thou t  r u n n i n g  in to  d i f f i c ul t y abo ut c l e a r -  in m i l i t a r y  motor  t r a n s p o r t  t e~ hnologv i s on
ance.  In t e s t s  so f a r  conduc ted , f i ve  u n i t s  c r o s s - c o u n t r y  m ob i l i t y .  The  o p e n i n g  t i r u s t
have been towed up to 20 mi les  per hour .  The in to  th i s  ent i re l y new f i e ld  of endeavor  l a s
Transporte r is still experimental , but pro m- been made . We can  e x p e c t  i m p o r t a n t  d e v elo p -
ises to be a v e r y  p rac t i ca l  means  of fuel  ments  to fo l low which , I bel ieve , wi l l  ul ti-
t r a n s p ort , par ticularl y in off-road support mately solve the problem....or cer tainly bri ng
of combat o p e r a t i o n s  as you wi l l  o b s e r v e  th is  us c lose r  to t rue  m o b i l i t y .  Some t r anspor t a -
a f t e r n o o n  at Bums Hi l l . It e l i m i n a t e s  the need tion developments I’ve descr ibed  to you
f o r  spec ia l  p u r p o s e  v e h i c l e s - -a c o n s t a n t  c lose ly pa ra l l e l  r e q u i r e m e n t s  e s t ab l i shed
objec t ive  in the d e v e l o p m e n t  of new equi p-  u nde r  the GOER concept .  Mobili ty can , of
ment -  - s u c h  as the 5000 ga l lon  t a n k e r  which  cou r se , be ach ieved  in other w a y s .  The use
has little , if a n y ,  o f f - r o a d  mobility .  Ad- of s t r o n g e r , l i gh te r  metals , bet ter  engine
di t iona l l - ,- , it is easi l y a ir t r a n s p o r t a ble , and p e r f o r m a n c e  and fuel  e conomy ,  longe r p a r t s
can be exp edit iousl y d ropped in conenvien t  life , all co n t r ibu te  toward mobil i t y in t h e i r
un i t s  to wide ly  dispersed elements of the own way .  Such e f fo r t s  will  be continued .
combat t eam.  Final ly we can a u g m e n t  g r o u n d  mob i l i t y

In the  rea lm of more conven t iona l  mor to r  with other f o r m s  of locomotion. l a m  t h i n k i n g
t r anspo r t  developments , namel y,  on-road now mainl y of air vehic les . A i r c r a f t  alone no
t r a n s p o r t , is the new N M 282 , 8x8 , 5-ton do ubt will p rovide the ideal answer  for m a n y
t r u c k .  Th i s  is an Ordnance  C o r p s  develop-  tasks  in the f ie ld  within the l imits  of the i r
ment , s t r ict ly speak ing .  The T r a n s p o r t a t i o n  capac i ty and ava i l ab i l i t y .  Allied with g round
Corps , howeve r , has been testi ng the XM 282 support elements in the f o r m  o f c r o s s  c o u n t r y
with the object ive of determining the f e a s i -  veh ic les , in which  one l ends  a hel ping hand
bi l i ty  of rep laci ng the 2~~-ton 6x6 t ruck with to the o t h e r - - u s i n g ,  f or exa mple , hel ic op te r s
the 282.  Such subs t i tu t ion  was found to be such as the new H-37  to c r o s s  r i v e r s  and
f easible wi th  cer ta in  changes , such as in- canyons-  -mobility on the batt lefield is
corpora t ion  of drop sides and a t i l t  type cab, broug ht one step c lose r  to s o m e t h i ng  final ,
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VIII. U.S. ARMY CORPS OF ENGINEERS PRESENTATIONS

1. “H U M A N  ENGINEERING IN CORPS OF ENGINhER EQUIPMENT DESIGN’

by
Mr. Turner C. T imberlake

U .S.  Army Engineer Research and Development Laboratory
Ft. Belvoir , Va .

One of the  most  i mp o r t a n t  a s p e c t s  to be At  ou r Lab or a t o r i e s , perhaps the greatest
cons idered  in equi pment desi gn r e g a r d l e s s  of e m ph a s i s  on h u m a n  e n g i n e e r i n g  has  been
the conf i g u r a ti o n , ize , opera t ion , or app l i -  p l aced  on equi p m e n t  des igned  f o r  Ai t ic
ca t ion  of the  i tem , is that  it m u s t  be capable op e r a t i o n .  H u n - m a n  Eng i n e e r i n g  sc ience in
of be ing  opera ted  and se rv iced  by man , the Arc t i c  ope ra t i on  is  qu i t e  ev iden t  and i s  a
va riable f a c t o r  upon which  human eng i n e e r i ng  n e c e ss i t \  fo r  s u r v i v a l . The pe r sonne l  m u s t
is  based .  It f o l l o w s , t h e ref o r e , that  human  be p r o t e c t e d  a g a i n s t  the b i t t e r  cold.  This ,
f a c t o r s  eng i n e e r i n g ,  or s~ mp ly human eti gi -  n a t u r al l ’,- , is  accompl ished by provid ing  ade-
n e e r i n g ,  m a y  be def ined  as the applic a t ion  of qua te  c l o t h i n g .  B e c a u s e  of the  e x t r e m e  low
data and p r i n c i ples a b o u t h u m a n  p e r f o r m a n c e  t e mp e r a t u r e s  thi s c l o t h i n g  becomes  bulk y.
to  t i e  plann ing ,  des ign  and d e v e l o p m e n t  of C o n se q u e n tl y ope ra t ions  w h i c h  a re  normal
equi pment , componen t s  a n d  sy s t e m s .  in the  t e n -ape r a t e  zone become ma jo r  t a s k s  in

The basic ob~e c t i y e a  a re  to i mp r ov e  and the A r c t i c . T he  low t e m p e r a t u r e  work  was
maximize  the f ield p e r f o r mance and re-  c e n t e r e d  most l~- in p r o v i d i n g adequate pro-
l i ab i l i ty  of man machine  s y s t e m s , p a r t i c u -  t ec tion  to the  p e r s o n n e l  by f u r n i s h i n g  w a r m
la rlv  wi th  r e s p e c t  to hun-tan  f a c t o r s .  T h e s e  cabin e n c l o s u r e s  - -v i t h good v i s ib i l i ty , qu ick
i n c l u d e  p r o i o er i i s  i n v o l v i n g  speed and ac-  e scape  h a t c i i e s  to p rov ide  f u r t h e r  p ro t ec t i on
c u r a cy  of o p e r a t i o n , ope ra t iona l  r e l i a b i l i t y ,  whey :  o p e r a t i ng  over  c r a v a s s  a reas  or ice ,
m i n i m i z a t i o n  of o p e r a t o r  t r a i n i n g  and skill or othe r haza rdou s a r e a s .  If the  opera tor  can
r e q u i r e m e n t s , safety and o p er a t i on u n d e r  be kep t  r e a sonab ly  c o m f o r ta b l e  he is  capable
st r e s s . It is evident that t I e factors just of performing his  m i s s i o n .  We w e r e  corn-
r i ae nt ioned p l i s -  an im p o r t a n t  ro le  ir, the  i-ni h - pel ied  to cons ide r  the h u m a n  fac to r  in equi p-
t a ry  w he n  one c o n s i d e r s  tha t  m i l i t a ry  opera-  m e n t  s c h e d u l e d  f o r  the  f a r  n o r t h ;  more  so
tions mus t  be p~anned  r e g a r d l e s s  of the  t ime than in c o mme r c i a l l y  ava i l ab le  equi pn-i en t f o r
ele ment , te r r a in  or weather  cond i t ions .  These  use in the temperate  zone . Pr iva te  industry
f a c t o r s  a re  a lsvays  a ggr e v a t e d  by r ap i d en - va~ not engaged  in f u r n i s h i n g  equi pment for
pansion of the a rmed  f o r c e s  to meet en-ic r - op er a t i o n  in e x t r e m e  low t e mp e r a t u r e s  and ,
g e n c i e s  as they  occur . The equi p m e n t  as such , had not g iven m u c h  thoug ht to th i s
ass i gned to t roops , t h e r e f o r e , mn u s tb e  simp le p r o b l e m . On c o m m e r c i a l ly  available i tems ,
to opera te  and m a i n t a i n , as well  as requi re  however , we have relied much on pr iva te
a m i n i m u m  t r a i n i n g  t ime to obta in  m a x i m u m  i n d u s t r y  to f u r n i s h  the human e n g i n e e r i n g
p e r f o r m a n c e,  c o n s i d e r a t i o n s  r equ i red  in the basic  desi gn.

We in the M e c h a n i c a l  Eng i n e e r i ng  D ep a r t -  Through the Society of Automotive Engi-
ment  of the  E n g i n e e r  R e s e a r c h  and Deve lop-  nee rs , t hese  Labora to r i e s  have i nit i a t e d  two
rnent L a b o r a t o r i e s  have eva lua t ed  human basic p r o g r a m s  which may be cons ide red
facto rs in man-,’ d i f f e ren t  ways . U n f o r t u n a t e l y major steps in the human e n g i n e e r i n g  f ie ld .
we have not i n i t i a t ed  a human  e n g i n e e r i n g  SAE Sub-Commit tee  XV on “ Winter iza t ion ”
p r o g r a m  as such . H o w e v e r , in an undetected is one , and SAE Sub-Committee XVI or-i
way we hav e cons idered  the human fac tor  in - ‘Ease of Mair.L nance ’’ is the ot her . Looking
all  of our equi pment  des ign .  Most of our f rom a broad aspect , however , all the w o r k
ef for ts  to date have been of a missionary being conductedin conjuncti on with the Society
nature since a large port ion of our equi p- of Automotive Eng inee r s  th roug h the i r  Sub-
ment is basically co mmercia l ly avail able Committees is , in one form or another , re-
off-the-shelf items. We have , however , con - lated to this new human engineer ing science. —
ducted ex tens ive  Ease of Maintenance studies As mentioned previousl y human engineer ing
on a nu mber of commercial  type items in- is not limited to any one specific iten-t but
cl udin g a c r a w l e r  t r a c tor doze r , r ubber ti re d may involve a comple te sys tem or techni que
motor g rader , an en gine gen e r ato r and other  w h e r e by many individuals and/or  end i tems
hi gh population items in our supply system. are concerned .
Our tests  proved very successful . To cite Earl y in 1949 the Engineer  Laborator ies
an example , we reduced the time limit for initiated a program to develop a family of air
removal of a damaged eng ine from a motor transportable construction equipment for use
grader by 85%. 
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i n as sau l t  type operat ions . In view of the Here tofore , equi pment employed by the 
—

ser ious r e s t r i c t i o n s  imposed on this  group of Corps  of Eng inee rs to meet tac t ica l  r equ i re -
equipment r e l a t i ve  to hei ght , wid th and length , ments  and f u r n i s h e d  by the construct ion
much cons idera t ion  was given to human equi pment  i n d u s t r y  have been o f f - t h e - s h e l f
eng ineer ing even though at that time it was items in some cases  modif ied to m e e t  spec i f ic
not r e fe r red to by tha t  name . The a i rborne  r equ i remen t ,  At p resen t  those i tems are
program , in e ssence , res ulted in modified being p rocu red  in quant i t y by the use of pe r -
com mercia l  equipment which  by n o means formance  type spec i f ica t ions  on a compet i t ive
sim plified the logistical problem. Wi th this  basis .  This p rac t i ce  is necessa ry  to meet  the
background  as a basis  to s t a r t  anew , a corn-  u n u s u a l  m i l i t a r y  quan t i ty r equ i r emen t  and to
pletely new approach to the combat engineer es tab l i sh  a r e a l i s t i c  mobi l iza t ion  base.
and airborne mission was envisioned, It mus t  be remembered , howeve r , tha t all

This  system has centered around the the items p u r c h a s e d  are desi gned for specia l -
deve lopment of ba l las table  a l l -purpose equip- ized o p e r a t i o n s , w i th  t he  r e s u l t  t h a t t h e  Corps
ment to provide one item with many capa- of Eng inee rs  has  accumula ted  a t r emendous
bilities . In view of the versati l i ty of these variety of equipment. This variety of equi p-
ite ms it became apparent  that serious con- merit is fu r the r  complicated by nume rous
sid eration w ould hav e to be given to the makes and models. The possible magnitude of
human engineer ing aspects  to provide an the support  problems related to operation ,
ef f ic i ent unit ca pa ble of many t asks .  The two mainte nance and re pai r par ts , conduc ted
basic i tems considered in this program are along the cu r ren t  pract ices  is very vividly
the Ballastable All-Purpose Trac tor  (Fi g. 1) shown in Table 1 .
and the All -Purpose Ballastable Crawler  At one g lance t h i s  t abu la t i on  shows that  the
(Fi g. 2 ) he reaf ter  r efe rr ed to as the B AT and 13 m a j o r  cat eg or ies  of equi pment now used
ABC Tractors  respectively ,  in comme rcia l  and mi l i t a ry  construct ion

Cn r , ’cnct  ~j akc and r;  lc~ c-f C orca - rc :ul “ . f f  The : eIf 
. : i- ;;- ~~~- c - n ’

b ;~oiprea: ‘a c ; - r r  b ; a t  : cf  ll ;~~. t c r of
- ,a~~ :& , tIE.  

13 33 38
Puzm~js 59 182
Cranes and Crane Shovels - 2 . a

n-a flu - ~ 9Q
108

kuflers 3C I
Acnhafl bcfl -raen~ 45 R b
b a d  C 1-uirin ~ and C eaain~ Ec-fi h i r e n t  1.5 Rb ~
Rack bru ab1.ng a n d  Proc s~ n5; Equ~nncr ; ’ 27 53 €3
Cancro~ -~ EI~u~ prn ent  ,- •

- . cnn . res -cora 35 — 1.~ 7 2b
;.arapere 45

could involve as many as 584 different rraakes, human engineering problems.  The Item must
constituting 2 ,249 models. From a logistical be so desi gned that it will be capable of per-
support stand point these figures are as- fo rming  several  tasks , su ch as c lear ing ,
tronomical . Future mi l i ta ry  operations as dozing, grading,  scrap ing, towi ng , haul ing ,
envisioned today, keeping the human factor  in and many others , with a def i n ite de gr ee of
mind , cannot support  such m u l t i t u d e s  of accuracy and performance.  The item must
equipments in the f ield and the present system also be so designed that the operator , re -
is doomed to fai lure when considering self gardless  of the operation intended at the
sustaining hig hl y mobile forces,  time , can per fo rm it efficiently. To cite cx-

One way to simp lif y the lo gis t i cal load , amp les , dozing,  grading and scraping es-
as well as improve mobi l i ty  and cons t ruc -  s en t i a l ly may be similar operations as far  as
tion capabilities to a degree , is to develop the end result is concerned; however , manipu-
multi-purpose military specials . These mill- lation of the equi pment is somewhat different.
tary specials must be capable of performing These manipulations must be incorporated
the basic tactical tasks of p resent  airborne In the i tem to provide a maximum degree of
and combat  equipment . Develop ing items of acc ur acy wi th  the average  operator . These
this so r t , howeve r , present a multi tude of are the problems we are cons ider ing  In the

48
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B — ttT r o i l  •-\hL des i gn I t i e  un i t  m u s t  a l s o  be size and wei g ht . T h i s  is a c c o m pl i s h a” l  by
c - a - d y  r I a a t i t , a n e d  t a  ae r i n i t  r n a x i r a i u !n  use at  h a l l a s t i n g  the t r a c t o r s  to t h e i r  m 5 s i i : l r r .
t t i r ’  c n s t r u , - t a r a s i t e,  capabi l i t y and pr \ - r d i n g  a power  p l a n t  c o r n -

The  a t i c a l  app l i c a t i o n  of a BAT or ABC pat ib le  to the i n c r e a s e d  wei g h t .  The a s i c
t r - a  t a r  i s  i L - a - t r i t e ! in I 

~~~~~~~ 3 d u r i n g  a wei g ht of e a i - h  u n i t  is l a , l i 1 ~ , lbs a r ~~l t a -  h
r i - e r  c r o s - i n a i ’ , H e r ,’ i t  can  at ’ no ted  ot ie  i t em c~ar a be h a l l a s t e d  t a  a p pr si m a te l v  35 , 000 lb s .
‘~ equ i p m e n t  v-~a 5 u sea l  to - - i n s t r u c t  : oth  The BAT and .-\B5 i n c o rp o r a t e  an e r ~~i r r ’  in
a l a l a r o a c h e s  to t he  r i v e r , i S  w e l t a s  i r  n - n C r -  the n e i gh b o r h o o d  of 22 5  to  250 h p. It is
o • s o t  o c r  a c t  i I U r -s  i nc l u d i n g :  - l i  a n g  gun  e r r  - envisioned that e veratul a ll v these units -A -ill 1 t

p l a c e men t s , t r a n s p o  r t , a i i a n  v u - t i e  r~a l  c ’  r a r o  equi pped w i t h  n r m l t n  — f u e l  et c’ire s a n o t h e r
supp lie  a , P01-, er  s- n u t - I ,  t o t  ing a r t  i ! ,  r y ,  e f :  a r t  to r e d o -  - e log i s t i c a l  r e q u i r e m e n t s .
e t c .  t h i s  - m i t  can  be used  f o r  - a n y  u r i n al op-  Based  upon t e n t a t i v e  desi gn c r i t e ri a  and
C r  t i n s  - t i t b j n  , , - -~~‘, -a b , a t  a r e . , .  d n t i i s t  .e 1t~’~it p er f o r m a nc e  c h a r i r a  t a - r i s t i c s , t b ,  BAT .,n- :
in  :n ~ n i l , i i a a t t e~- e r , t h a t  ,n r t a i n  c ap a b i l i t i e s  ABC t r a c t o r s ,  it  i s  ‘ i e l i ev  t i , w i l l  h ave  p r o —
itt ~y be son e w h , t  l i m i t  c - u  i n  o r a i c  r t o p  n a y  i de  d - n c i i o n  c ap a b i l i t i e s  r a t t a n  i n-i n  f r o m  1 to 4

‘ h a  r n a i l t i - p u r p a i s e  c a p a b i l i t y  - t i m e s  t h o s e  of t h e  b a s i c  t a r t !  t r i o - - r n - n  u r u t s
nra or i i ’O  r i  - - a t i o n  of r n u i t i  - p u r p o s e  in t he  c u r r e n t  ai r t a o r n c  e r n u i p r : a e n t  f a r i i i l v .

- J , a s t . a - ;t’ equi p m e n t  is  t h a t  i t  r c d ~ es  t he  ro c i t e  an ex l a m p l e . s ix ABC u n - i t s  should
n umb e r ~t end i t e m s , ~u t k  es , and n u o a l e l a  in  ri c~ t n a a I i I e  - i t h a n d l i n g  ~ ,000 cu a n  of :u — ,

ar t y n i  e n . , r e , , .  :~ e l i n n i n a t a s  l a r i r -  op e r a t or  in t a - .r hour s , - t h e r e a s  s ix  t r a c t o r  and
and m a i n n t e an c e  n o r  Cs of r , e i a l i z e d  s k i l l s ,  s c r ap e r  c n i n n i , t i n n s  of the  c u r r e n t  a i r
It  a lso r e d - n c e s  a - - e r , a n d , - . a t e  r a n d  a i r  t n - i n s  - b o r n e  f a m i l y  r eq u ir e  a pp r o x i m a t e ly  e l e v e n
port requir eu :tents by ‘t i e  mari.tins . Table II hours to a n n l e  the ~~a n n 1 q ’ O r n t u t v  of d i r t
is a r e a r  i n i l i c  t h an of the  s imp l i n i  t t i o f l  I t  - a v e r  t he  ssme - l i s t a n ce .
t h e  o i n i s t i c a l  loa i i n  t i : - . g i v e n  a r e a bs’ u s i n g  The  BA T and ABC t r a c t o r s  r e p r e s e n t  the
t h e  BAT a nd - \BC t r a c t o r s  vs  t h e  i t ems  t h a t  it  f i r s t  o p p or t un i t - -  to the Corps  of Eng i n e e r s
r e n i l , , i e s ,  This  c h a r t  c l e a r l y  in d i - it e  t h a t  two to Ic  sign  a - u l t l a r - - special end i tem for  the

as i c  t r I c t o r s  of m i l i t  a r  - l e s i i ’n  a. it h  a to ta l  spec i f i c  p u r r a r s e  of d i r t  moving  in s u p p o r t  of
s p a r e  p a r t  suppor t  of a p p r a x i : n o at e l v  4 , 000 c o n n t i at  opera t ions .  It i s  in the bes t  i n t e r e s t
l ine i t e m s  can rep lace s ix end i t e ms  i n v o l v i n g  of t h e  Co rps  to i n su r e  a s u c c e s s f u l  d e s i g n  to
40 makes  and 70 models  wi th  a total  e s t i  - a-ieet t h e  r ra n v  - a r i z a b l e s  imposed on it s
r a t e d  spare  a r E s  suppor t  of 0-1 , 000 l ine combat  t r oc ns .  W e , t h e r e f ore , at the E ng i n e e r

i t ems . These  f i d u r e . -  a lone  should  be s i g n i f i-  o , r a t - r i e s  a re  p l ann ing  to make m a x i m u m
c i nt  to indica te  the  t e r r i f i c  r e d u c t i o n  of h u m a n  use of any sc ient i f ic  me thods , t e c h n i ques ,
e t t u r t  to suppor t  f u t u r e  m i lit a ry  ope ra t ions  mu p r o c e d u r e s  known r e g a r d i n g  human engi-

r a i d e d  s t a n da r d  m i l i t a ry  v e h i c l e s  a re  em- n e e r i ng  to i n su r e  s u c c ess f ul  employment,
ploved.  Simpl i f ica t ion  of the  l o g i s t i c a l  load o p e r a t i o n , m a i n t e n a n c e  and suppor t  of the
can actual ly he i n t e r p r e t e d  as  an appl ica t ion  P- AT and ABC t r a c t o r s .
( 1  human  f a c t o r  e n g i n e e r i n g  since combat  It is c o n t e m p la ted  that  fu tu re  e n g i n e e r
f o r c e s  in t he  f i e l d  should be capable  of at  - c ombat and a i rbo rne  uni t s  will be equi pped
compli sh ing  the same miss ions  and reach with BAT and ABC m a c h i n e s  to c a r r y  on a
the same goals with g r e a t ly reduced  e f f o r t s  c ar i e tv  of m i s s ions  inc lud ing  numerous  con -

- am t he  s tand point  of t r a i n i n g ,  supp ly ,  as a tr u c t i o n  ope ra t ions . The p r o g r a r n i n  genera l
— e l i  as administration, will c ont r ibute  to the improvement  of smaller ,

The t r a c t o r s  d i s c u s s e d  h e r e i n  a r e  b a l l a s t -  f a s t e r , more re l iable , mul t i -purpose  uni ts
able  u n i t s , a i r  d r o p p a b l e  (Fi g. 4)  a n d/ o r  a i r  over  wider  and more varied areas  than has
t r a n s p o r t a b l e  in the small a s s u a l t  type  a i r -  ever  been possible  be fo re .  It will a l s o  pro-
c r f t .  These  have  i n c o r p o r a t e d  in t h e i r  ‘dde the combat f o r c e s  with the mobil i ty
des i gn capab i l i t i e s  of equipment  of twice  the which  is so vital in c u r r e n t  mili tary th ink ing .
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2 , “ INFRARED I3INOCULARS AND HUMA N ENGINEERING’ 
-

by
Mr Benjamin  Goldberg

USAERDL , Ft .  Be lvo ir , Vu,

The  d e s t r u c t i v e n e s s  of m o d e r n  w a r f a r e  s tr i k e  the p h o s p hor s c r e e n  to f o r m  a v i s ib l e
imposes  a s e a - c r c  r a - s t r i c t i o n  on d a y t i m e  i mage  of the  t a r g e t . Focus ing  of the  d e c  -
rn i l i t a  ry  o p e r a t i o n s , a n d  ah~ s e c a u  r i t y  , a f f o r d e d  t r o ns  is a c c o m p l i s h e d  by t h e  e 1 e c t r o d e
by t he  hours  of da r k n e s s  a i r u s t  be t a k e n  conf i gu ra t ion  w i t h i n  the tube .  The  r e s o l u t i o n
a d v a t n t a t a -  of to c a r ry  out  r e q a i ’  red c o m b a t  at the c e n t e r  of the  ph o s p hor  s c r e e n  is
an d  s ta p p o r t  a c t i v i t i e s .  The ,act ia-’itiesm ,rstb e between 25-30 line pairs per millimeter on

c a r r i e d  out w i t h  speed  and  a c c u r a c y  ap- the  tube c a t h o d e .
p r o a ch i ng  d a y l i ght  c a p a b i l i t y  wh i l e  m i n i m i z -  Now , with the  back g r o u n d  of bas ic  in f o r ma-
ing the enemy ’s a b i l i t y  to d e t e c t  our  move - t ion I have  p r o v i d e d  you , le t ’ s c o n s i d e r  the
men t s .  The use  of ac t ive  i n f r a r e d  r ad i a t i on  i n f r a r e d  b i n o c u l a r s , t h e i r  u s e  and the h u m an
p rov ides  a m e a n s  f o r  acca)mp l l sh i n g  t h i s ,  e n g i n e e r i n g  p r o b l e m s  tha t  w e r e  and  s t i l l  a r e
W h a t  is  a c t i v e  In f r a - red ra l ij tj o n ?  As i n - a i n ’ t  a s s  ocia ted  wi th  t h e m .  The  i n f r a r e d  b i n o c u l a r s
of you know , it is i n f r a r e d  r a d i a t i o n  wh ich  were  d a n -  e loped to p r ov id e  a m e a n s  of d r i v i n g
we p r o j e c t  f r o m  a s e a r c h l ig h t  ( o r  f loodli g h t )  a v e h i c l e  in d a r k n e s s ;  the  p u r p o s e  be ing  to

to i r r a d i a t e  a t a r g e t  to be v i e w e d , j u s t  as a p rov ide  m o b i l i t y  at ni ght app roach iag  d a y -

s e a r c h l i g h t  p r o j ec t s  v is ib le  r a d i a t i o n  t o i l l u -  lig ht  c apab i l i t y and  wi th the  s e c u r i ty  of

mina te  a t a r g e t  to be vie ver l , The only di i -  d a r k n e s s .
f e r e n c e  is t h a t  the  p r o j ec t er 1 i n f r a r e d  r a d i a -  I te c a u s e  the i n f r a r e d  b i n o c u l a r s  a re  h e l m e t
tion is i n v i s i b l e .  Th i s  in u v i s i b l e  beam i s  m o u n t e d  they  l e a v e  t he  op e r a to r ’s hands  f r e e
r e f l e c t e d  f r o m  the t a r g e t  and is made  v i s i b l e  t a r  c a r r y  out r-nans’ t a s k s  in d a r k n e s s  w i th
by an image  c o n v e r t o r  sy s t e m  p l a n e d  b e f o r e  hi g h m o b i l i ty , and so t h e s e  b i n o c u l a r s  ha - ,-e
t he  eye (See Fi g 1) .  The ta-s-a t h i n g s p e c u li a r  become the w o r k h o r s e  of the i n f r a r e d  equi p-
to the act ive i n f r a r e d  s y s t e m  a r e :  the  f i l te r men t . The T r a n s p o r t a t i o n  Corps  is t r ’;i n g
t h a t  p e r m i t s  only the  i n f r a r e d  r ad ia t ion  to t h e n : ,  for  locomoti - ,-e d r iving  and locomoti ve
pass  t h roug h;  and the image  c o n v e r t o r  tub e  r e p a i r  and the A r m y  Ball ! s’aic Mis s i l e  -\ ge r l c ~
-,vh ich  c o n v e r t s  the inv i s ib le  image to a 15 u s i n g  t h e m  f o r  mis  sile e r e c t i o n  and l a u n c h -
v i s ib l e  one , The  r e m a i n d e r  of the  st - s tem is ing o p e r a t i o n s .  They a r e  being used  by the
an o r d i n a ry  lig ht sou rce  and r e f l e c t o r  fo r  C o r p s  of Eng i n e e r s  in C o n s t r u c t i o n  opera  -
p r o j e ct i o n ,  and an opt ica l  s y s t e m  f o r  r e c e i v -  t ions , v eh i c l e  r ep a ir  and b r i d g e  b u i l d i ng .
Ing the  r ad i a t i on . These  r id ge opera t ions  are being c a r r i e d

B e f o r e  going in to  the d i s c u s s i o n  of the  out in l 50~ of day l ight  time . A p a r t i c u l a r ly
in f r a r e d  b inocu la r s , I would l ike to say i n t e r e s t i ng  use of t h e s e  b inocu la r s  is fo r
some th ing  about  the  f i l t e r  and image con - h e l i c o p t e r  l and ing  in d a r k n e s s .  In this  opera-
v e r t a u r  tube . Let us conside r the  f i l t e r  f i r s t . t ion the pilot wear s  the b i n o c u l a r s  and loca t e s
The f i l t e r  is made of silicate g lass  us ing  the l and ing  a rea  by fou r  i n f r ar e d b e a c on s  tha t
manganese  and c h r o m i c  ox ides  as c o l o r a n t s . ‘ round  i t .  He ap p r o a ch e s  the l and ing  a r e a  un t i l
Its s p e c t r a l  c h a r a c t e r i s t i c s  a re  shown in he is s eve ra l  h u n d r e d  fee t  over  it and then
Fig 2 . Let me point out some i n t e r e s t i n g  t u r n s  on the i n f r a r e d  head lamps  m o u n t e d
f a c t s  about  th is  c u r v e , C o n s i d e r  the a toe~~ of u n d e r n e a t h  the he l icopter . This  ‘‘illur i-
the curve from 700 to 850 millirnicrons , The nates ” the ground belou and the pilot can
radia t ion in th i s  reg ion can be de t ec t ed  by land his  sh ip .
the eve , but an observe r m u s t  be look ing  These  b inocu la r s  are about to he t’ -pe
d i rec t ly in to  a sea rch l i g ht t e a m  at r e l a t i v e ly  c l a s s i f i e d .
close range to see any th ing  and t h e n  he will D u r i n g  the c o u r s e  of the development  of
see a dul l  red g low , these  b inoculars  many human eng inee r ing

Now let us take up the I m ag e  co n v e r t o r  pr o b l e m s  a rose ;  some w e r e  solved , some
tube (see Fi g 3).  ThIs is the h e a r t  of any r ema in  to be so lved.  F i r s t  there  was  a
active in f ra red  system-a . It opera te s as fo l lows :  question of bulk , wei ght  and b a l a n c e . T h e  f i r st
The infrared image is focused on this surface  binoculars  wei ghed about 6 lbs. Operators
which is knowii as the photocathode. The would continuall y get st i ff  necks a n d / o r
photons f rom the i n f r a r ed  beam striking the headaches .  Develo pment of a small power
pho tocathode to produce the Image , knock suppl y,  use of special  pl a s t i c s , insu la t ion  and
elec tr ons ou t of the photocathode In p ropor -  e l ec t r i c al connec t ors in the binocular
t ion to the in tens i t y of the bea m at each of the a s sembl y ,  r e su l t ed  in a r educ t ion  of wei g ht to
e l emen t s  of the Image.  These e lec t rons  are 2 lbs . Since the power supp ly and b inocular
acce le ra ted  by a 1 2 KV power suppl y and a s sembly wei gh one pound each , balance is

I This is ant utridassitt ed para~ srase -f t i n . Goldber5 ’s CONI-1PEN11AL presentat ion . P r - - n aa tt tto raz eaj in d iv i dual s  man a n b t aaa a  a
opy  f n a t  full text by appl icati on to t!ae temy tie~sea r - -Ia a if f a c e , ATTN : I taum arn at -tor i Resea r cla ral v i sao n , lire Peaaia ~ on , Wa~ tn i yr -n a 2 ,a — ’
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easi ly  achieved on the helmet.  Ope r a t o r s  Severa l  impor t an t  h u m a n  factors problems
using the p re sen t  b i n o c u l a r s  have  found  t h e m  came t a r  the f o r e  w h e n  t h e  b i n o c u la r ’  began
acceptable in comfort. Two other difficulties to find use in close order work such as
tha t  a r o s e  in the e a r l y d e v e l o p m e n t  s tages  b r i d ge b u i l d i n g ,  road c o n s t r u c t i o n , vehicle
were  d i s c o m f o r t  and/ o r  headache s to oper-  m a i n t e n a n c e  w o r k , and panel  r e a d i n g  w h e r e
a tors  because  of unequa l  m a g n i f i c a t i o n  be-  o p e r a t i o n s  a re  c a r r ie d  out f r o m  ten  i n c h e s
tween  the im age tubes in the b inocu la r  and in f r o n t  of you to  a r m ’s l e n g t h , a r  to t he
unequa l  b r i g h t n e s s  l e ve l s  between the i m a g e  g r o u n d .  Be c a u s e  of t h e  v e r y  l imi ted  depth
tubes . This  p r o b l e m  was so lved  by c a r e f u l l y of f ocus  of t he  b i n o c u l a r s  at t h e s e  c lose
match ing  tube sets  f o r  equal  m a g n i f i c a t i o n  r a nge s , r e f o c u s i ng  of the  o b j e c t i v e s  l enses
and b r ig h t n e s s .  Another  p r o ble m a r o s e on the is n e c e s s a ry  w h e n  v i e w in g  at  d i f f e r e n t
f i e l d  of v i e w ,  Op er a t o r s  wanted f i e l d s  of v i e w  d i s t a n c e s . For example  when looking  at
ap p r o a c h i n g  those  obta ined by n o rm a l  v i s ion , som e t h i n g  15 inche s away  and then  at  an
but the state of the a r t  of op tics  l imi t s  th i s  ob jec t  25 i n c h e s , r e f o c u s i ng  is n e n - - e s s a r v .
to the p r e s e n t  27 degrees . T h e r e  is  another  T h i s  is f u r t h e r  comp l ica t ed  by the fac t  that
a s p e c t  to t h i s  f i e l d- o f - v i e w  p r o b l e m  w h i c h  e a c h  b a r r e l  of the  b inocular  has  to be
ca n only be solved by t r a i n i n g ,  and t h i s  is the focussed separate l s- . In addi t ion , the b a r r e l s
matter of turn ing c o r n e r s  when you d r i v e .  In of the  b inocu la r  cannot  c o n v e r g e  to look at a
the n o r m a l  d r i v i ng  s i tua t ion  when you tu rn  a c l o s e - u p  f i e l d,  T h e r e  is a n o th e r  d i f f i c u l ty
c o r n e r , your  eyes f l ick  to the ri g ht or lef t  t h a t  a r i s e s :  In the  c lose order  work  a f a l s e
to see where  you a re  going.  With  d r i v i ng  de p t h  of the t a rg e t  is given by the b in o c u l a r
b inoculars , ‘iou m u s t  move y o u r  head to look because  of i ts  l e ng t h , the m iaj u d gemen t  of
in the p rope r  d i rec t ion  r a t h e r  than f l i ck  y o u r  depth being equal  to the length  of the binocu-
eyes . Th i s  has p r o v e n  a source of i r r i ta t ion  lar .
to opera to r s  l e a r n i ng  to use the b inocu l a r s ,
but eve ntual ly they get used to the idea.
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IX. U.S. ARMY SIGNAL CORPS PRESENTATION

“HUMA N FACTORS PROBLEMS OF COMBAT SURVEILLANCE IN MOBILE WARFARE”

by
Dr . Arthur J ’. Melton

The Univers i ty  of Michigan

T h i s  pape r c o n s i d e r s , in t u r n , some c h a r -  sys tem and component desi gn) and personnel
a c t e r i s t i c s  of n n u i l i t a r t  o p e r a t i o n s  u n d e r  t he  e n g i n e e r i n g  ( s e l e c t i o n  and t r a i n in g  of h u m a n
PE N T -V ’-~.\ Concep t  I l i a 1 _ l 9 7 0 ) ,  the  n a u r v e i l -  c o m p o n e n t s )  in an i n t e g r a t e d  p r o g r a m  is
l ance  r e q u i r e m e n t s  t h a t  n u l n - , t  be met  f o r  s u c h  r e c o m m e n d e d,  For m a i n t e n a n c e  p e r s o n n e l

F o p e r ,at i o n s , and  — o n i u e  - t i a r a c t e r i s t i l ’, of the  and p e r s o n n e l  a s soc i a t ed  with the a c q u i s i t i o n
s u r v e i l l a n c e  —ci -, t e i u u , and sensor ,ind in f o r m - i a -  of s e n s o r  data (p i lo ts , s ensor  opera to r s , and
t i on  p r o v e s  s i n g  su b s v  st e  r un s t h e r e - a l a s  de - data  - l i n k  m o n i t o r s )  such  a p rog ram will  need
r i v e n  f r o m  p a r t i c i p a t i o n  in P r o j e c t  M I C I I I -  to be supp lemented  by l imi t ed  app lied re-
GI N ’ s W o r k i n g  G r o u p  on S u r - , e i l l an c e  S c j -  s e a r c h  s tudies , For the human  f u n c t i o n s
e nc es  in the  s u m m e r  of 1 i - M , On t i r e  t a , a sj g  of a s s o c i a t e d  with the e x t r a c t i o n  of i n fo rma t ion
t h e  ‘t’ c i a n - , i d e r a t j  - i r a  s , i t  i s  co n  - l o a f e d  tha t  f r o m  sensor  r e c o r d s  and with the col la t ion
hum an c i - n i p u r n u m ’ n a t s  wil l tie - - r i t i - : a l  e l e m e n t s  of i n f o r m a t i o n  f r o m  d i f f e r e n t  s e n s o r s  and
of both sensor s n a l a s v - a t e r n n , and i n f o r m a t i o n - o the r  s o u r c e s , more  s u b s t a n t i a l  bas ic  and
1i r a a c e ~~ s i r a v -a u h s y  s t e r n - a n -  of the  s u r v e i l l a n c e  app lied r e s e a r c h  and deve lopment  p r o g r a m s
s y s t e m  in t he  l i i b 7 _  10 70  t ime - pe r iod . It  is a r e  called for , e s p e c i a l ly with r e f e-e n c e  to
f u r t h e r  c o n c l u d e d  t h a t  the  c h a r a c t e r i s t i c s  of ( 1 )  t e r r a i n  map c o n t e n t , ( 2 )  i n t e r p r e ta ~ ion of
P E N T -\N -\ o per a t i o n s , as  well as the antici- m a p - l i k e  r a d a r , IR , and ph o t o g r a phic re-
pa t ed  c h a r ac t e r i s t i c s  of the  f u n c t i o n s  as  - t u r n s , ( 3 ) t h e  p r o g r a m m i n g  of sensor  ana ly ses
si gned  to h u m a n  c omponents  in the  s ur v e i l -  in t e r m s  of s p e c i f i c  q u e s t i o n s  ( c o n t i n g e n c i e s ) ,
lance  sys tem , support  the no t ion  tha t  t h e s e  and 4 )  the exp lo i ta t ion  of t i m e - c o m p r e s s i o n
wi l l  be hi g h - l e v e l  p - - r s o n n el . and t i m e - e x p a n s i o n  t e c h n i ques in d i5p lays of

The  rou t ine  ap~Aica tion  of both h u m a n  i n f o r m a t i o n .
e n g i n e e r i n g  (human f a c t o r s  in sy s t em , sub-

I f lu s us  an ia i l,assa fi Cal ab st r a c t  i — f 5 , latche s ’s SECRE T i r c - ,c - n a n  ui - a . I r - ’un ’ n i  a n N  - u / c d  i di a n d  a Is n - i a  Inn a - a cpa ‘f r l a e  full
reS t  by app ln a n a l  ta n t I c  \ r  ‘‘ i - a  - t a r n  - i) ff ias i , ATTiC: t iun n an F al - t i n r i  Hesear - F , ‘l a u c u — l i , Fur  Pa- ,~a n - n u , - ‘- a - — F , ~~~n F . I
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APPENDIX 2

4th ANNUAL

ARMY HUMA N FACTORS ENGINEERING CONFERENCE

A R M Y  CHEMICAL CENTER , MD .

9-11 SEPTEMBER 1958

VITAE , CURRENT WORK PROGRAMS , AND BIB LIOGRAPHIES IN

PSYCHOPHYSIOLOG Y AND HUMA N FACTORS ENGINEERING

[These materials  were fu rn i shed  to con fe rees  for  their  ,tud v and c o n v e n i e n c e  In advance of
the Conference. They are published here as an annua l  compendium of the acti vi ties and work
programs of all Army R & D  psychophy s io logy  and human f a c t o r s  en gineer ing  fac il i t ies .I
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PROGRAM
FOURTH A N N U A L  A R M Y  H U M A N  FACTORS ENGINEERING CONFERENCE

ARMY CHEMICAL CENTER , MARYLAND

9-11 SEPTEMBER 1958

TUE SDAY ~ 9 SEP T E M B E R  19 58

0930- 1030 R e g : st r a t i o n
M O R N I N G  SESSION
Session C h a i rm a n :  Dr. Lynn E . Baker , U. S. A r m y  Chief Psychologis t ,

Office of the Chief  of R e s e a r c h  and Development (OCRD) ,  Department
of the A rmy (D A ) .

1030 OpenIng of the Conference:  Session Chairman
Invocation by Maj Lawrence H , Jot - ~waard , Post Chap lain , Army Chemical

Center ,
W e l c o m i ng  Address  by Bri g Gen Harold  W alm sl ey ,  Commanding Genera l ,

U , S . Army Chemical Center and Chemical Corps Materiel Command ,
A r m y  Chemical  Cen te r , Md.

1100 Introduction of Keynote Speaker by MajGen John P. Daley , Direc t or Special
Weapons , Office of the Chief of Research  and Development , Department
of the A rmy.

Keynote Address :
“The New Mobile Concept , ” by L t G e n E d w a r d T . Willi ams , Deput y Com-
manding Gene ra l , United States Continental Army Command.

1200 U . S. Army Signal Corps Film Presentation:
“ A r my - N a v y  Instrumentation Program (ANIP)”

1230 L U N C H

AFTERNOON SESSION
Session Chai rman:  Col William Foley, Deput y Commander , U . S. Army

Chemical Corps Engineering Command

1400 U . S. Continental  Army Command (USCONARC) Presentation:
‘‘H uman Fac to rs  In U s e r  Test ing Res ulting from Concepts Expressed by
Lt Gen Williams ,” by Col Keith Ewbank, USCONARC .

1500 U . S. Army C hemica l  C or ps Pr esentat ion:
“Development of Chemical Corps Materiel  for the Mobile Army, ” by
Lt Col W, G. Wil lman , Office of the Chief Chemical Off icer .

1600 U . S. Ar my Medical Services Presenta t ions :
“Selected Medical Service Research Contributing to Human Factors

En gineer ing for  M obili ty , ” by Dr . Arthur  J. Riopelle , Ar my Medical
Resea rch Laboratories (AM RL) .

“Decrements  In Driving Skill as a Function of Cumulative Environmental
S t resses, ” by Dr. M . 3. Herber t , AM R L .

“Vestibular  Functions in Angular  Accelerat ion ,” by Dr . F. E , Guedry ,
A M R L .

1730-1900 Soc ial Function
[Buses will depart for Hotel Emerson, Baltimore, at 1900 hours]
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WEDNESDAY,  10 SEPTEMBER 1958

MORNING SESSION
Session Cha i rman : Mr.  Nicholas  S. Capasso , U . S . Army Chemical Corps

Research and Development Command.

0900 U . S. Army Ordnance Corps Presenta t ion:
“Ordnance  Desi gn Concepts for Ground Mobilit y , ” by Mr . Donald W y lie ,

Offic e of Ordnance R e s e a r c h  (OOR) .

1030 U. S. Army Quartermaste r Corps Presen ta t ions :
“Minimal Subsistence Requ i rement s  to Maintain Performance ,” by

Dr .  Aus t in  Henschel , Q u a r t e r m a s t e r  Research  and Eng ineer ing Com-
mand ( O M R & E C ) .

“Small C u t  Cloth ing Ta r i f f s , ” by Dr . Russel  W . Newman , QMR&EC .
“Env i ronmental Cr i te r ia  for  Equi pment Desi gn ,” by Dr.  William B ,

B r i e r l y ,  O M R & E C .

AFTERNOON SESSION
Session Cha i rman:  Dr . Ear l  Davy , Chief , Psy chology and Human Eng ineer-

ing Branch , U . S. Ar my Chemica l  War fa re  Labora to r ies.

1330 13. S. Ar my Transportat ion Corps Presenta t ion:
“Ground Mobility and T rans portation , ” b y Dr. John Wendell Elailey,

Transportation Corps Research  and Engineer ing Command I T R E C O M ) .

1430 Chemical_ Biological_Radio l ogical ( C B R )  Or ien ta t ion  and Demonst ra t ions .

THURSDAY , 11 SEPTEMBER 1958

MORNING SESSION
Session Chairman: Col John A. Marti n , Di rector  of Development , U . S.

Army Chemical Warfare  Laboratories,

0900 U. S. Army Corps of Engineers Presentations:
“Human Engineering in Corps of Engineers Equi pment Design .” by

Mr.  Turner G, Timberlake , Chief , Mechanical Eng ineering Department ,
Engineer Research and Development Laboratories ( E R D L ) .

“Infrared Binoculars and Human Engineering,” by Mr. Ben Goldberg,
Chief , Warfare Vision Branch , ERDL.

1000 U. S. Army Signal Corps Presentation:
“Hut-nan Factors Problems of Combat Surveillance In Mobil e War-

fare ,” by Dr. Arthur  W , Melton , University of Michigan.

( 1100 Conference Highli ghts and Summary:
Dr. Lynn E . Bake r , U . S. Army Chief Psychologist , OCRD , DA.

1200 Adjourn,
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U. S. ARMY MEDICAL SERVICE

Research Program in Psychophysiology

I. Vitae , US Army Medical R esea rch  Laboratory,
Fort  Knox , Kentucky

II , Cur ren t  Studies

III . ‘ilbllograp hy of Published Reports
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1. VITAE

C A D W A L L A D E R , THOMAS C ., Lt ., MSC , Psycholog ist
PhD , Universi ty of Bu f fa lo , 1958.
Phys iological psychology.

CALDWELL , LEE S., Psychophysiologist
PhD , University of Kentuck y,  1955.
Biomechanics.

CRAM ER , ROBERT L., Psych ophysiologist
PhD, University of Rochester , 1 954.
Vestibu lar functions.

CRAMPTON, GEORGE H. , Capt., MSC , Psychologist
PhD , Unive r si ty of Roch este r , 1954.
Vestibtujar functions.

DAUBEK , GERALD G., Psych ologist
MS . U n i v e r s i t y  of I l l inois , 1955.
Educational psychology.

FLETCHER , JOHN L ., Capt., MSC , Head , Audition Section
PhD , Universi ty of Kentucky, 1955.
Audition.

GOGEL , W A L T E R  C ., Psychop hysiologist
PhD , Jnivers i ty of Chica go, 1951 .
Vision,

GUEDRY , FRED E ., JR ., Head , Proprioception Section
PhD , Tulane University ,  1953.
Vestibular psychophysiology.

HARKER , GEORGE S., Head , Vision Section
PhD , State Un iv ers i ty  of Iowa , 1950.
Vision ,

HAWKES , GLENN R ., 1st Lt., MSC , Psychologist
PhD , University of Vir ginia , 1958.
Physiological psychology,

HERBERT , MARVIN J ., Head , Psychomotor Section
PhD , University of Minnesota, 195 3.
Motor skills.

LOEB , MI CHEL , Psych ophysiologist
PhD , Vanderbilt University, 1953.
Auditory functi ons.

MONTAGUE , ERNEST K ., Lt. Col. , MSC , Deputy Head , Experimental Psychology Department ,PhD , State Universi t y of Iowa , 1950.
General psychology.

RIOPELLE, ARTHUR J., Head , Experimental Psychology DepartmentPhD , Unive r s i ty  of Wisconsin , 1950.
Prtmate behavior,

ROSS, WILLIAM , Capt, MC
MD , Northwestern University, 1956,
Physiology.

SCHAEFER , VERNON H ., 1st Lt., MSC , Psychologist
PhD , University of illinoI s , 1957,
Experimental  psy chology.
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U. CURRENT STUDIES

TASK I - - Inves t i gation of Sound and Hearing in Rela tion to Pe r fo rmance

Subtask 1: Hearin g Loss and Noise Exposur e
Estimated

Da te Completion
Ti tle Experimenter Started Date

a. Factors  in Sound-Induced Hearing Loss Fletcher Aug 57 Aug 60
Reference  aud logram s are being obtained on all Incoming personnel In a group of 120

ran ge ope ra tors . Cumulative noise exposure Indices will be obtained for each person
over a period of 18 - 36 months . Analyses will be made to relate hearing loss to exposure ,
hea r ing  conse rva t ion  p rac t i ces , and ph ’. slcal f ac to r s  such as aural  overload threshold ,
family h i s to ry ,  medical  h i s to ry ,  and type of audiograin .

b. Impulsive vs ContInuous Noises Fletcher May 57 Completed

A report  on the re la t ive  influence on hear ing  of impulse  noise and continuous noise has
been completed , and fu tu re  studies involving the measurement  of impulse noise and its
relationship to hear ing  loss are planned.

c , Pred ic t ion  of Deafness  Fletcher May 57 Oct 58

Possible predictors of susceptibility t o deaf ne ss , such as shor t - term fatigue , masking
effects , etc ., will be investigated.

d. The Effect of Overstimulation and Lawrence May 55 Jun 60
Internal  Factors  on the Function of U . of Michigan
the Inner Ear (DA-49-007-634)

The reported results on this continuing study Indicate the following: ( 1)  th~ measure-
ment of bone-conduction th resholds  may give an inaccurate  pictu re of the t rue  capacili t y
of the organ of Corti whereas  the aural-harmonic test  prove s to be quite valid and stable;
(2) the use of a loudness attenuator instead of an intensity attenuator in automatic
audiometry provides a more sensitive test of recrui tment  since the sub j ects apparentl y
respond to a growth of loudness unrelated to size of DL ’s; (3) intense sound of a sound
pressure level of 136 and 150 decibels damages the saccule as well as portions of the
cochlea. This observation may account in part for the disorientation experienced by
humans when subjected to an intense sound field; (4) study of the nature of neural inner-
vation of the cochlea have not yet been completed.

e . Measurement of Noises Produced by Bolt , Beranek Jul 58 Jun 59
US Army Weapons (DA -49- 007-MD-  & Newman , Inc.
being negotiated) Cambridge , Mass ,

A method of measur ing and analyzing the Impulse-type noises from various U.S . Army
weapons Is being sought. An atternpt will be made to gather data In the field In such a form
that they may be usable fo r comparls on wlth data concern ing hear ing loss and possibly with
data desc r iptive of the attenuation character is t ics  of various ear defenders being used in
the milItary.

Subtask 2: The Auditory “Sharpening” Phenomenon

Estimated
Date Completi on

Title Experimenter Started Date

a. Frequency-Di fference Thresholds Silver Aug 57 Sep 58

The determination of the frequenc y-d ifference threshold abou t a stimulated point was
made using recently discovered in teraura l  inhibition to avoid the difficulties imposed by
head phenomena. Using pure tone to produce contralateral inhibition , the absolute thres-
hold for Intensi ty was Investigated in the region around the center  of the contralateral
inhibi tion . The experimental work baa been comp leted , and the report is being written.
The principal Investigator has left the laboratory and no future work on this problem is
contemplated.

85

— ~~~~~~~~~~~~ 0 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - - - - - , -



Subta sk 3: ExperIments on Absolute Threshold

E s t ima ted
Date Comp letion

Title 
~~~p!~~~~~.nt

~~ ~ta Date

a. Pra ctice Effects  Loeb Aug 58 Dec 58

“Absolute ” thresholds  may be l o w e r e d  w i t h  p r act i ce .  The n a t u r e  of these  changes  and
thei r  ex tent  may be a l t e r e d  b y chan g in g m o t i v a t i o n  and feedback .  Studies will  b conducted
using different kinds of practice (e.g., pract ice In detection near  “ threshold , ” pro gres-
sively Inc reasing in di f f icu lt y )  and using a different  kind of feedback (a disp lay by which
the subject  can constantly monitor the stinuulu3).  Pulsed tones will also lie used as s t imul i .

b . GSR Studies Loeb Sep 58 Jun 5 .

GSR measurements will be made at or below levels of auditory s t imul i  w h i c h  e l ic i t
co r rect verbal re sponses at only a cha nce level , This should yield some in si gh t into the
nature of GSR audiometry, as well as sot-ne insight into the relation between ln~ tr rz ental
and autonomic-conditioned responses . Similar studies may late r be pe r fo rmed  us ing
animals.

Subtask 4: Auditory Monitoring

Es t imated
t l dt t  Comp l e t i c - -

Title ~~ pe r imente r Star ted ~~~~

a, Physical and Temporal Characterist ics Loeb Ju l  58 Jun ‘u ui

Influencing Performance on Auditory
Monitoring Tasks

In a fashion similar to studies on visual moni tor ing .  subiect s  w i l l  ‘~e r e q u i r e d  to
moni tor pure tones di f fer ing In In t en s i ty , fre que n c y ,  spatial or igin , and te mpora l  pattern-
ing, and to respond d i f f e ren t i a l ly to them. The relationships of these  var iab les  to react ion
times and detection probabilities will be determined .

TAS K Il--Determination of Effects  of Phy s i c a l  Environment on Performance

• Subtask 1: Effec ts  of Heat and Cold on Performance

Estimated
Date Comple t ion

Title Experimenter Started Date

a. Behavioral Effects of Cold Adaptation Can ton Jul 56 Comp leted
in the Rat Marks

Whi te rats  working at a low ambient temperature were trained to depress  a lever to
rec eive brief periods of heat as the re inforcement .  When their  response rate had sta-
bili ze d, the animals ’ l iv in g cages w e r e  moved in to a  2° -C envi ronment . The ef fec ts  of this
continual cold exposure were Increases  in both lever pressing and food Intake , and a loss
in bod y wei ght. The results have been published In USAMRL Report  No , 325.

b. Ef fec t s  of Temperature Stress Upon Newton Jan 56 Completed
Performance of Certain Tracking Tasks

In a compensatory tracking task , pressure and movement controls  Interacted with low
ambient tempera tures  onl y whe n individual dif ferences  among subjects were considered .
The results have been published In I JSAMR L Report  No. 324.

c . A Survey  of An Arctic Envi r onment F I e t c h e r  Jun 58 Oct 58

A genera l  su r vey is bei ng conducted in Greenland to determine what acoustical and
auditory problems are peculiar to the Arctic environment.
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Estimated
Date Completion

Title ~~ p~ r in ienter  Started Date

d . Local izat ion of Sound on Ice and Snow F l e t che r  Nov 57 May 58

A repor t is In press  detailing the ir ,f luence  of sur face  (ice and snow) on the ability to
locali ze the di r ection of sound .

— e . N e u r a l  Corre la tes  of Thermal  Sensa-  Kenshalo Dec 55 Aug 59
lions  (D -\ - 4 9 - 0 0 7 - M D -6 8 3 )  Nafe

Fla State U

This is a p r o g r a m  of r e s e a r c h  upon the neu ra l  c o r r e l a t e s  of common sensation, in-
cluding p ressure  and therma .~ sensations but excluding pain for the moment.  A test is
bei ng made of the adequacy of the h y pothesis that  movement of t i ssue  in which the nerve
f i b e r s  lie , or c o m p r e s s i o n  of n e r v e  f i b e r s , is a d e q u a t e  to stimulate; and that the a f fe ren t
f i b e r s  involved show no other d i f f er ences  under stimulation in their responding or in
the i r  f a i l i ng  to respond.  Most r ecen t  work has been concent ra ted  on Nafe ’s vascular
theo ry of thermal  sensi t ivi ty.

Subtask 2: E f f ec t s  of V ib ra t ion  on P e r f o r m a n c e

Estimated
Date Comp letion

Title Exper imenter  Started Date

a. Median Lethal Time and Pathology as Link Aug 57 Aug 58
Dependent on Frequency of Whole-Body Schaef er
Vib r ation Yo s t

Youn g hooded and albino rats are being vibrated at f requencies  ranging f r om 15 to 45
cyc les  per second until dea th  resu l t s , d isplacement  a lways  being held constant  at .25 inch .
I mmediately following dea th the animal s are necr op sied and examined both gross ly  and
mic roscopically for pathological changes . Sex differences  are also being investigated ,
and the e f fec t s  of vary ing displacement will also be studied.

b . Effects  of Relativel y Severe Whole- Jacobs Oct 57 Dec 58
B ody Vib ration on Behavior

• The possibility that vibrat ion may cause si gnificant performance decrement is being
studied in a number of standard rat experiments. The research is being programmed in
such a way as to include behaviors  dependent upon a wide range of general  psychological
variables , as motivation , lea rning,  neuromuscular  coordination, retention , discrimination ,
etc . Present  invest i gatio n s include w or k on avoidance l ea rn ing ,  d iscr iminat ion l e a r n i ng ,
and elevated maze , strai ght-al ley,  and open-field behavior .

c. Effec ts  of Relatively Severe Whole - r a r r a r  Sep 57 Dec 58
Body Vibra t ion  on Metabolic and Other Link
Physiological Variables Schaefer

The possibil i ty that vibration may cause temporary  or enduring physiologic al chan ge s
Is being invest igated. Studies are  in progress  on the effects  of vibration on bod y wei ght ,
food a-id water metabolism , tissue respiration , and blood-sugar level. Further work will
be programmed as required to discover the factors  underlying any dif ferences  which
may be obtained . Also planned are a series of experiments  desi gned to de termine  the
similarity between vibration and the genera l  class of variables known as s t r ess o r  agen t s .

d. The Effect  of Low Frequency,  High Schrnltz Apr 57 Jun 59
A m p litude , Whole-Body Vibration on Bostromn Re s Lab
Human Pe r fo rmance  (DA-49  - 0 0 7-M D  - Milwaukee N i s ,
797 )

Two sets of five human subjects each have been subjected to vibrations of 2.5 cps
and of 3.5 cps with an amplitude of 0.5 inch. Measures  of performance were taken before ,
at intervals during and after the two vibration conditions and the control condition . Re-
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suits so far show trends toward decrement In per formance  in hand reaction time; bod y
sway; depth perception; vi sual acui ty ;  t racking;  and foot pressu re constancy.  No decrement
was found for tapping rate; hand t r emor ;  mental addi t ion ;  or foot react ion time . I t is
p lanned to study an additional twenty subject s on those var iab les  which seem wor th
fu r the r  explor at ion.

TAStc III- -Investigation of Vision and Perception in Relation to Performance

Subtask 1: DetermInation of Fort -n and Depth in Visual Perception

Esti mated
Date Completion

Title Experimenter Started Date

a. The Perceptual In ter re la t ion  of Gogel Aug 57 Completed
Frontal and Stereopsis Extents  in the
Determination of Form

The experimental aspect of this work has been completed and published as USAMRL
Labor at or y Report  No. 331 , “The Pe rception of Shape f rom Binocular Di sparity Cues. ”

b. The Perceptual In ter re la t ion  of Gogel Dec 56 Completed
Fr ontal a rid Stereopsis Ex ten t s  In
the De te r m ination of Perceived Depth

The experimental  aspect of this work has been completed and will be published as
US AM R L Laborator y Re port entitled , “A pparent  Depth Dup itha tion with Binocular Dis-
parity Cues .”

c. The Perceptual  I n t e r r e l a t i o n  of Gogel Dec 56 Dec 58
Fronta l  and Dep th E x t e n t s

Some theoretical and experimental consequences  of con sidering f ronta l  and de pth
ex ten ts  as being perceptually in te r re la ted  have been de termined for  binocular d I s p a rit ~
cues of depth. The mathematical  development of this approach is continuing and i t  is ex-
pected that it will be app li ed to one or more additional cue sys tems with the objective of
specif y ing perceived depth in increasingly complex visual si tuations . It is expected that
further experimental tests of the predictive ability of thi s fo rmulation will be made.

d. The Relation Between Convergence and Gogel Dec 57 Dec 58
Pe rceived Distance

The problem being investigated is whether convergence can act as an effective cue
to perceived absolute distance.  A monocularly observed , visual field Is used as a y a rd -
stick against which the subject  can judge the apparent distance position of the binocularly
obse rved object  or objects . Only a few of 11 subjects  showed any substantial decrease in
perceived d i s tance  with an Increase  in convergence when a sing le bino cular object was

— used . The r e su lt s  f rom us ing  two binocular objects simultaneously su ggest  that the rela-
tion between perceived distance and convergence is not always independent of the position
of one binocular  object with respect  to the other. The consequence of these results for
the perception of binocular visial space will be considered.

e. Effect of Noise on the Perception of Crook Apr 54 Sep 58
Forms In Electro-Visual Display (DA- T”fts U.
49 -007-MD -536)

Five more experiments In this series have been completed , the results  of which are
still  un de r ana ly~ ls .  One s tudy - -des i gned to throw light on the relative importance of re-
duced contrast  and degradation of contour for the impaIrment of form recognition under
visual noise - -in dicated that when contour degradation was eliminated , scores de ter io ra ted
rapidly with decreasing contras t ;  when contour degradation was added , scores de teriorated
n-much more rapidly. Other studies were concerned with the effect of the degree of famil-
iarlzati on on recognition of Ir regular  forms under noise . Testin g fo r actu al recognition
performance under noise has not been completed. A final report  on the entire contract

V study is expected in late 1958.
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Subtask 2 : The Use of Optical Aids to I mp r o v e  Vi~~- al  Percept ion

Es timated
Date Comp le tion

p~~~~men te r  Star ted  ~~~~~~~~~~~~~~~~~~~~

a. The  I n f l u e n c e  of Lac k of Co l l ima t ion  H a r k e r  Mar 56 Jan 59
and E yt piece Defocusing Upon Stereo-
scopic and Ver nier  Acui ty

Thi s project  h a s b e en h e l d i n a b e y a nc e d u e to absence of pe rsonnel  f rom the l abora to ry .
Exper imenta l  r esu l t s  are being prepared as a laboratory report and additional experi-
mentation is being initiated to measure  by d i r e ct means the cyc 10-torsional rotation of
the eyes as a possible exp lanation of the observed phenomenon .

b . Response of an Observer  to a Uni fo rml y H a r k e r  Apr 56 Completed
Uluininated , 13 n s t r u c t u r e d  Visual Field

The obse rvat ional  and bibliographic aspects  of the project  have been completed and
pr epa r ed as Labo rat ory Report  343 , ‘‘Whi t eou t - -A  Bibl iograp hical Survey . ” N o  addit io nal
work specif ical ly on this topic is contemplated .

c . Some Perceptual  and Physiological Cohen Jul 57 Jun 59
Aspects of Uniform Visual  Stimulation U of Buffalo
(DA-4 9-007  -MD-866)

The study is prima r ily concerned with the ‘ ‘whi te-out” e f fec t , This phenomenon in-
volves  a t empora ry  cessatiorm of the sense of vision du r ing  prolonged exposure  to a un i fo rm
vi sual field . The variables studied were:  ( 1 )  intensity of Illumination , ( 2 )  durat ion of
sti mulation , (3)  monocular and binocular vision , (4)indivi dual di fferences  in susceptibility
to “whi te -ou t , ” ( 5 )  EEG corre la tes  of “whi t” Dut .” The chief f indings were as fol lows:
( 1) the types of phenomena reported by subjec~~ exposed to uniform binocular stimulation
were  e s sen tially si milar to those reported for monocular  st imulation; ( 2 )  under  b oth
monocular and binocular conditions , subjects repor ted a temporarv cessation of the  sense
of vision after  prolonged exposure to a uniform field ; (3 )  the “white-out ” ef fec t  was
facili ta ted by extensive prior  stimulati on ; (4)  such f ac to r s  as blinking and eye movement
as well as the p resence  of an object in the field tended to suppress  the “whi te-out ”
e ffec t; ( 5 )  those subjects exhibiting a low percentage of alpha activit’- - (6 )  dur ing  u n i f o r m
stimulation, re porc s of the “white -out” effect were associa ted with bursts  of alpha a c t i v i t y .

Subtask 3: F luc tua t ion s  in Visual Stim uli or in Visual  Acui ty

Es timated
Date Completion

Tit le  ~~ p~~ imenter Started Date

a. Perception of Continuous , Fluctuating Gardner  May 56 Completed
Stim uli

This study ha~ been terminated with the completion of Army se rv ice  of i t s  pr incipal
iovest igator .  The research conducted resulted in the laboratory publicati cri ~ 32 8 , “Pe r-
cep tion of Relative Frequency as A Function of the Number of Stimulus and Response
Ca tegor ies .” The appara tus  has been t r ans fe r red  to the Quartermaster  R & D Labora-
tor ies at Nati ck , Massachusett s for the use there by the princi pal investigator In his civil-
ian capacity.

b. Spectral Sensitivity of Small Retinal Riggs Jul 58 Continuing
Areas (DA-49-0 07-MD-be ing  negotiated) Brown Univers i ty

The purpose of this study is to examine the effects  of small spots of li ght presented
parafoveally. By means of the stopped image techni que it will be possible to nullif y the
effects  of the eye movements on retinal image motion and to repetitively stimulate the
same retinal area.  Additionally, spots of white light may be presented to different loca-
ti on s on the retina to determine variations In the form of the spectral  response curves
or the Indicated nature of different  type s of cone receptors.
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Es t ima ted
Date Comp le t ion

Title ~~ p~~~men~~r Star ted Da te

c . Fluctuat ions  in Nig ht VI s u a l  Acui ty  Johnson Jun 57 Aug 59
( D A - 49 - 0 07 - M D -87 l )  Colb y College

The study Is Intended to reveal  the c h a r a c t e r  and extent  of f luc tua t ions  in ni ght v isual
acuIty.  Fifty  men are being given ins t ruc t ion  In the use of the eyes  at ni ght and prac t ice
in viewing visual targets  at scotopi c levels of i l luminat ion.  Following this t ra in ing ,  each
subject undergoes one or more two-hour  periods of t e s t ing  du r ing  which the level of
v isual  pe r fo rmance  is continuously del ineated in t e rms  of a pe r fo rmance  measu re .  Te st-
ing c o n s i s t s  of r e q u i r i n g  the subject to make manual adjustive movements  in response to
visuall y perceived movements of the t a rge t .  T a r g e t - d i s t a n c e  is automatically adjusted to
a level at which S is able to remain “on t a rge t ” 50% of the time . Targ e t -d i s t ance, as
record ed on a kymogr aph , may be expected to reflec t d i rec t ly chan ges in S’ s visual  acui ty .
A rou tine examination of the day-v i s ion  of the subjects is being car r ied  out in conjunct ion
with thi s study.

d . Psychophysio logy of Perception (DA-  Lindsley Sep 56 Aug 61
4 9 - 0 0 7 - M D -72 2 )  U of Calif .
Research to date has centered around the temporal fac tors  in visual percept ion .

Stimulus duration required for perception and a new concept called perce ption time have
been de alt with. The total period of time required for  a perceptual process to consolidate
itself has been determined by methodology worke d out in this study. A survey of methods
for recordin g and anal yzin g evoked potentials in hu man subjects was made and a sati s-
fac tory Inexpensive procedure involving producing a large number of oscil lograms and
plotting the results al geb r aically has bee n devised.  This procedure has permitted the
measure of latency, duration, and fort -n of the potentials which are required to in te rp re t
the perc eptual process  tempo r ally.

TAS K IV--Invest igat ion of Motion and Balance in Relation to Performance

Subtask I: Vestibular Reaction:

Estimated
Date C omple tion

Title Experimenter Started Date

a, Adaptation Effects in Vestibular Guedry Jul 56 Cont inuing
H Reactions Cramer

Cunat

Th ree experiments have been comp leted (cf . U S A M R L R e p o r t No .  338). one is in prog-
mess , and another is anticipated. Results obtained point out ( 1)  limits of s t imula t ion  beyond
which the theoretical mechanics of the vestibular s t ruc tu res  will lead to very inaccurate
pr edic tion s of human re acti on s , ( 2) sufficient conditions for systematic depar tures  from
predic tions, and (3 )  the direction and rrmagnitude of these departures.  The stud y in prog re s s
is concerned with f u r t h e r  definition of the necessary  and suff ic ient  conditions for the
ada ptation effects  which lead to these inaccurate predictions,

b . Neurophysiologlcal Study of Apparent G’rarnem Jun 58 Continuing
Adaptation Effects  Guedry

Exploratory experiments have been carried out on this problem. It is hoped that it will
be possible by electrophyslological method s app lied to vari ous animal s t o asce rt ain the
locus and neurophyslological mechanisms Involved in the apparent adaptation ef fec t s
demonstrated in human subjective reactions,

c . Interaction s of the Vest ibular  Nuclei Cramer  Aug 58 Continuing
Guedry
Dowd

Responses to electrical stimulation of the different vestibular nuclei a re bein g recor ded
in the stimulated and In other nuclei.  Experimental variables are:  intensit y and duration of
single-shock stimuli , dura t ion  of repet i t ive-shock stimuli , and In ter rupt ion  of connecting
pathways.
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Estimated
Date Completion

Title Experimenter Started Date

d. Habituation to Angular and Linear Guedry Aug 58 Continuing
Accelerations Cramer  & others

Aru mals and , in some experiments , human subjects  will be repeatedly exposed to
angular  and linear accelerat ions.  After  this conditioning period , thei r ability to withstand
insul ts  to the ves tibula r sy stem , including ( I )  stimulation sufficient  to produce motion
sickn ess and ( 2 )  surg Ical insu l t  to the vestibular system, will be compared with the same
abilities in subjects  which hav e  not received the conditioning period .

Subtask 2: Methodological  Studies of Rotation and Acceleration
Estimated

Date Completion
Title Experimenter  Started Date

a. Techni ques for Studying Postural Guedry Oct 58 Continuing
Effects  of Angular Accelerations Caidwell

Cramer

The vestibular system In conjunction with other response systems influences the resting
tonic  ac tivity as well as compensatory act ivi ty  of a large number o~ muscles. Angular
accelerat ion produces a disturbance in vestibular equilibrium whic ’~, amil on g other effects ,
produces compensatory postural  adjustments.  It is desirable to have sensitive measure-
ment of these compensatory adjustments ( 1)  to determine possible subtle inf luence on
psychomotor performance and (2 .) to provide an index of the vestthu lar reaction which
would possibly provide a continuous quantitative measure of the reaction through out Its
course. Commencement of research on this topic has been delayed due to the concentration
of ef for t  on other topics.

b . Development of Techniques for Obtain- Guedry May 57 Continuing
ing Continuous Estimates of Subjective Cramer
Velocity Throug hout the Course of Ves-  Zitard
t ibular  React ions

A method was selected, after exper imentation with a number of alternative s, to pro-
vide esti mate s of the intensity of the subjective reaction to angular acceleration. The
method selected involves subjective estimates of angular displacement. An experiment
has been completed with this method . Resul ts  Indicate (1)  that the method is feasible , ( 2 )
that the intensity of the subjective reaction follows the predict ions of vestibular theory
within certain time limits , (

~
) that the method may involve certain artifacts which can be

f eliminated by changes in procedure. A study specifically desi gned to det ect  and provide
- ‘ means of eliminat in g a rtif act s in this method is planned. The method will then be used to

de ter mine the “upper phy siologica l limits ” of the system and to determine differences
in sensitivity with di f ferent  positions of the head with respect to the axis of rotation.

Subtask 3: Preventive Measures for Undesirable Reactions Resul t ing From Linea r  and
Angular Acceleration

Estimated
Date Completion

Title Experimenter Started Date

a. Influence of an Antihistamine on the Guedry Aug 58 Mar 59
Intensity of the Vestibular Reaction Cramer
System to Controlled Stimuli

Drugs will be administered to Investi gate already established characteristics of the
vestibular reacti on , e.g., subjective velocity and nystagmic eve movements, during a
variety of stimulus conditions . Some of these stimulus conditions Involve changes In the
position of the head relative to the axi s of rotation.

b. Influence of Motion Sickness Preventive Cramer Sep 56 Sep 58
Drugs on Psychological Factors Involved others
in the Performance of Various Military
Duties
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T his study involved the use of two mot ion-s ickness -p reven t ive  drugs , one predi cted to
have slight side effects and one predicted to have strong side efects , and a placebo . At-
tention was focused on three  I s sues :  ( l ) t h e  impor tance  of time In te rva l s  after Ingestion of
the drugs , ( 2)  the side e f fec t s  of the drugs , (3) the interaction between the side effects
of the drugs and the time interval . This exper iment  has been completed and the da ta a r e
being processed.

TASK V--Improvement  of Control and eoordination in Complex Per formance

Subtask 1: Control and Coordination in Vehicle Driving
Estimated

Datu Completi on
Title Experimenter Started Date

a, Development in Driving Skill as A Herbert Jul 56 Jul 58
Functi on øf Cumulative Environmental Hartrnan
St r esses Jaynes

A battery of tests was desi gned to measure di fferent  response pat terns  Important  to
vehicle driving. Subjects were then subjected to vary ing  hours  of dr iv ing on a cross-
c ountry fati gue course after which they were tested with the bat tery .  The resu l t ing  data
have been re-analy zed and Interpr et ed in terms of skill decrement. Rewriting has been
completed.

b , Decrement In Driving Skill Associated Herbert  Sep 57 Continuing
With Increasing Tirr~ of Exposure to Jaynes
Environmental Stresses Caldwell

Research work now in progress  generally follows earlier experimental design.  Major
revisions are (1 )  employing a di f ferent  combination of hours of cross-country dr iv ing ,
( 2 . )  including a control group (no cross-count ry  driving between p re -  and post-test) for
each “f ati gue ” group, (3)  use of more tests in the dr iving test bat tery ,  (4) inclusion of a
number of fatigue-route measures which will be recorded throug hout the driving day .

Four new tests have been designed and edded to the original test  bat tery.  N ew scor ing
techni ques have been incorporated.  Another addition has beer~ the design and inclusion of a
series of ‘‘fatigue-route ” measures  which will y ield In formation on the na r rowing  of the
external perccptual field, and the Increasing variability of response which are postulated
as a consequence of lengthening the driving period.

A number of specifi c vehicle-manipulation tasks have been built of concrete and asphalt
as a permanent structure at Ft Kn ox . A li ghting system is being added to allow ni ght as
well as day testing.

Subtask 2: Blo-Mechanics of Hand Controls

a. The Relation Between the Location of a Caidwell Sep 56 Sep 58
Hand Control and the Maximum Forces
WhIch Can Be Exerted

An invest igation of hand-cont ro l  location relative to the maximum force which can be
imposed upon It has been completed. The variables of control elevation , lateral position,
and distance from operator were evaluated for their Influence on force generation. Control
Jlstance appears to be the major factor In influencing the operator effort . A report is now
being written.

b . The Effect of Various Body Supports on Caldwell Sep 57 Continuing
the Strength of Linear Hand Movements

A study now in progress attempts to dete rmine the effect of elbow ang le on the strength
of the push movement, and to examine the extent to which thi s effect Is dependent upon the
hei ght of the back-support.

c, The Influence of Control-Grip Angle on Herbert Mar 57 Jun 58
the Performance of a Manual Position
Task

92

-- — -—- —.  a~~~”” -- ~~ - ~~~~~~~~~~~ — ~a ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



-

~~~~~~~~

Ei ghteen ri ght -handed  males guided a probe through a metal tube without making con-
tact.  Six tubes were positioned so as to require some one of six d i f fe ren t  direct ions of arm
movement from trial to t ria l , The handle of the pr obe co uld be alt er ed so that  the angle be-
tween probe and handle could be set at 750 , 900 , or 105 0, A report  is In prepara t ion .

Estimated
Date Completion

Title Experimenter  Started Date

Subtas k 3 : ~~~~L~~~~~~and Motor Perforrnance

a. The Jud gment of Angular Positions Herbert  Jun 57 Jul 58
In the Horizontal Plane on the Basis of Caldwell
Kines the tic and Vis ual Cue s A lone and
In Combination

Twenty-one subjects judged the location of angular positions from 0 0 to 90
0 In the

ho r izontal plane. Three cue conditions were presented:  ( 1)  kinesthetic onl y, in which the
subject wore a blindfold and moved his art -n to a designated angular positi on ; (2)  vision
only, where the subject , without blIndfold and with hands in light, directed the experi-
menter in positioning a long, luminous pointer; and (3 )  k Ines the t ic -p lus-v is ion, in which
the subject was allowed to position his arm while viewing a luminous pointe r which showed
the position of the arm.

b. Analysis of Abductive and Adductive Hartman Jun 57 Dec 57
Phases of Movement in Continuous Herbert
Tracking Jayne s
The tracking moves of ri ght-handed and lef t-handed subjects were analyzed . No diffe r-

ences were found between the abductive and the adductive phases of movemen ts , USAMRL
Report No. 314 describes the data.

c. The Effect  of Joystick Mass on Track- Hartman May 57 Dec 58
ing Performance
The study was concerned with the effect of mass of the control (moment of inertia) on

performance , The joystick handles weighed I oz., 8 oz., 16 oz., 24 oz., 32 oz., and 40
ounces . The optimal stick length (18 in .) was used , Two conditions of sensitivity were
used--the best had a sensitivity ratio of 2 .85:1, and the worst had a sensitivity rati o of
0,5:1. The study is designed to answer two questions: First , what is the effect of control
mass on accu r ac y of tr acking ? Second , Is that effect d i f ferent  for large tracking move-
rnents than it is for small tracking movements ? Data are being analyzed.

d. Certain PhysIologIcal Correlates of Malmo Jun 55 Continuing
Psychomotor Functioning (DA-49- McGill U .
007 -MD-620)

Chief findings in this continuing study were as follow s: ( 1) tracking under conditions
of sleep deprivation is chIefly associated with progressively increasing physiological
activation during the vigil; (2 )  during qualitatively different stimulus situations (and also
under varying degrees of activation in the same situation) individuals exhibited charac-
tertsttc~ patterns of somatic and autonorxtic response. That Is , Individual differences were
found which were hi ghly consistent from situation to situation; (3 )  arousal level (as deter-
mined by a combined EEG and EMO Index) was positivel y correlated with magnitude , and
negatively correlated with habituation rate of EMG after-r espon ses.I n addition , progress

-
‘ was reported on the construction of a newtra cking apparatu s and a continuous amplitude!

time for integrating electroencephalographic (EEG) frequencies in the beta range.

e. Sensing Mechanisms and Control of GIrden Jun 55 Aug 58
Fine Movements in Perception , Motor Brooklyn College
Precision, and Performance (DA-49-
007-MD-625)

Precision of performance was measured for a range of sensitivities of a rotational
pressure  control In pursuit  t racking of one dimensional moving target.  Completed experi-
ments have assessed the extr emely sensiti’.’e controls and also the adjacent range of
medium sensitivities, Tests of the entire range of force  requirements are to be completed
by August 1958. Final report is expected about October 1958.
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Subtask 4: Complex_Behavior
Estimuted

Date Comp letIon
Title Experimenter Started Date

a. The Reliability of a Magnitude Esti - Alluisi Jan 58 Sep 58
ruation Scale

A study has been completed on assessing the reliability of a magni tude-es t imat ion
scaling technique in the construction of both a ratio and a category scale of jud gments  of
line lengths . Data have been analyzed and a report  is being wri t ten .

b. Factors Influencing Complex Decision- Henneman May 54 May 59
Making Behavior (DA-49-00 7-MD-537)  U of Virginia
Currently,  attention Is being focused on an analysis of the factors Influencing retention

in tasks in which the subject’s response isin  part derived from remembered or “stored”
information. The “storage load” of a human operator represents  the many dif ferent  con-
ditions under which he may receive information and terminate a series of events. Experi-
mental analysis of “storage load” will make it possible to evaluate complex tasks in
te rms  of their ‘‘ st or age load; ” to minimize task e r rors  In complex si tuations; and to
determine the “storage load” (capacIties)  of different  human operators. Further studies
In this series will be concerned with the conditions under which the presence of i r relevant
data Interferes  with speed and accuracy of performance.

Subtask 5: Theoret ical  and Methodological Investigations

E stimated
Date Completion

Title Experimenter Started Date

a. A Manual for Statistical Computations Jayne s Dec 56 Continuing

This manual will provide formats for the tabling of experimental data and simple com-
putational directions for common statistical analyses  based on such tables. Notation will
demand nothing more than a knowled ge of high school algebra. A section dealing with some
useful wiring p lans for the IBM 602.-A and 604 calculating punches will also be Included.
Com m ents on experimental design and inLerpretation of results will be provided for the
more sophisticated reader.

b. Context Effects in Psychophysical Kappauf Jul 57 Aug 59
• Jud gments (DA-4 9-007 -MD-877)  U of Illinoi s

The purpose of this study Is to determine the extent to which context effects  may be
reduced by choice of the psychophysical method being used and by the time interval be-
tween tr ials .  Wo rk so far  has been limited to l i terature review; development of experi-
mental apparatus; and the testing of subjects in a series of preliminary explorations of
method and variables.
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port No. 8 (Cont rac t  No. D A - 4 9 - 0 0 7 - M D - 6 2 6 ) ,  Jun 19 57 .

Maln-i o, R. B . Anxiety and behavior arousal . Psych ol. Rev ., 1957 , 64: 276 -287 (Contract
No. DA-4 9-00 7-MD -626) ,

Malmo, R. B. Certain physio logical cor re lates of psychomotor  functioning. Annual
Progress Report  (Contract  No. DA-49-007-MD-626) ,  Jan 1958.

Malmo , R .  B. and Davis , J. F. Ph ysiological gradients as Ind lcants of arousal in mirror
tracing. Canad. J . Psy chol. , 1956 , 10: 23 1-239 (Congract  No. DA-49-007-MD-62 6) .

McKenzie , R , E . The effects  of binaural beats upon performance. Ph .D . Dlss er tafion ,
Univers i ty of Michi gan Lib r a ry ,  1957 (Contract No. DA~49-007-MD-634) .

Nafe , J, P. and Kenshalo, D, R. Neural correlates of thermal sensation. Technical Report
No , 1 (Contract No , DA-49 - (~07 -MD-683) ,

Newton , .T , M . An investi gation of tracking performance in cold with two types of controls.
USAMRL Report No. 324, 6 Feb 1958.

Simons, A , K, and Schmitz, M. A. The effect  of low frequency,  hi gh amplitude whole-body
vibration on human performance. Progress Report No. 1 (Contract No. DA-49-007-MD-797), 31
Jan 1958.

Stennett , R . G. The relationship of alpha amplitude to the level of palmar conductance.

~~~ GUn, Neurophysiol .. 1957 , 9: 131- 138 (Contract No. DA-49 -00 1-MD-626) .
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Stennett , R , G. The relationship of performance leve l to  level of a rousa l .  J . ~~~~~ Psychol . ,
19 57 , 54: 54-61 (Cont rac t  No . DA-49-007-MD-626) ,

Su r willo, W , W. A device for recording variations in p re s su re  of gri p dur ing t r a c k i ng .
Amer. J. Psychol.,  1955 , 68: 669-670 (Cont rac t  No. DA-4 9 - 0 0 7 - M D - 6 2 6 ) .

Surwiflo , W , W . Psychological f a c t o rs lnmu sc l e- a ct i o n potential s EMG gradIents.  3, ~~~~~~~~
L Psycho!.. 1956 , 52: 2 63-272 (Contract  No. DA-49-007 -MD -62 6) .

Yanti s, P. A. The locus of the lesion In recruIting ears.  Arch . Otolaryngol . ,  1955 , 62:
62 5 -63 1  (Contrac t  No. DA-49-007-MD-634).

Yantis, P. A. Audlologic examination of the inner ear- -the aural overload test. J. ~~~~~. and
H . Dtsord., 1956 , 2. 1: 303-312 (Contract No. DA-49-007 -MD-634) ,  —

‘i ’S) I L  This 1is~ d~ es j~t include publ icat ion s listed in reports ~f tI~ Army Human Factors Engineermg Conference of prior ye~xs.
It doe -i include publications emanating f r-~lo cu rrent contract studies as far back as 11154--but which have not previously been listed . This
list , plus t h e  bibliographies published in earlier conferenc e repurt s “ill provide the complete list.)

I
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ORDNANCE CORPS

Huma n Engineering Laboratory

I . U.  S. A r m y  Ordnanc ’ Human Eng in eer in g Labora tory .  Aberdeen Proving Ground , Mary-
land

1. VI tae

2. Cur ren t  P roj ec t s

I. Bibliography of Published Repor ts

II. Ordnance Weapons Com m and , Rock Island , I l l inois

1. Vitae

2. Curren t  Projects

3. BiblIograph y of Published Reports

III. Ordnance Tank-Automotive Command , Det r oit Ar senal , Center Line , Michigan

1. Vitae

2. Current  Projects

3. Bibliography of Published Reports

IV . Picati nny Arsenal

1, VItae

• 2 . Current  Projects

3. Bibliography of Published Reports

V. Watertown Arsenal

1. Vitae

2 , Current  Projects

3. BiblIography of Published R eport s

VI . U. S. Army Ordnance Arsenal, Watervliet, Watervliet, New York

1 , Vitae

2 , C u r r e n t  Projects

3. BIbliography of Published Reports

VII . Ordnance Corps . Rock Island Arsenal

1. Vi tae

2 , Current  Projects

3. BIbliography of Published Reports
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VIII, Frankford Arsenal, Philade lphia, Pennsy lvania

I , Vitae

2 . Current  Projects

3. BiblIography of Published Reports

IX . U. S. Army Ordnance Missile Command Army R ocket & Guided Missile Agency. Red-
s to ne Arsena l , Alabama .

1, Vit ae

2 . Current Projects

3. Bibliography of Published Reports.

X . Office of Ordnance Research , U.  S . Ar my. Duke Station. Durham. N . C,

1, Vitae

XI. Diamond Ordnance Fuze Laboratories , Washington , D . C.

1. Vitae
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1. U. S. ARMY ORDNANCE HUMAN ENGINEERING LABORATORY
ABERDEEN PROVING GROUND , MAR Y LAND

VITAE

Blackmer , Raymond F,, Elect ronics  Scientist
BS, University of Massachusett s , 1954

Boezinger , W i l l i a m  H. ,  SF3 , M echanical Eng inee r  Ass i s tan t
BS , Standford U n i v e r s i t y ,  1956

Chaikin, Gerald , Private , Mechanical Engineer  Assis tant
BS , Purdue  U n i v e r s i t y ,  1956

Congleton , Curtis D., 2nd Li , Research  and Development Coordinator
BS , U n i v e r s i t y  of K e n t u c k y ,  1957

C r u s e , Char l e s  S. , Chief Eng inee r ing Branch
Maryland Inst i tu te  School of Mechanical  Ar t s

Curran , Harold T. Jr., P r i v ate , Social Science Assis tant
BS, Vil lanova U n i v e r s i t y ,  1957

Dardano, Joseph, Research Psychologist
MA , Boston Uni versI ty,  1953

Deering, Lawrence E., Engineer (Human. Factors)
BS , Univers i ty of Maine , 1920

Donley, Ray , Engineer (Human Factors)
ME , Universi ty of CIncinnati , 1954

Erickson, John R ,, Engineer (Human Factors)
BS, Case Institute of Technology,  1951

* Fried , Char les , Research Psycholog ist
MA , New School for Social Research , 1953

• Gar inther , Georges R. , 2nd Li. , Research  and Development Coordinator
BS, Gannon College , 1957

Gschwind , Robert T , PLc , Mechanical Engineer Assistant
BS, Lehigh Univers i t y ,  1956

Holzen, David E., Private , Social Science Assistant
AB , Heidelburg College , l9~ 7

Hicks , Samuel A. , Resea rch  Psycholog ist
BS, Morgan State College , 1956

Holland, Howard H., Engineer (Human Factors)
BS, Virg inia Polytechnic Institute , 194 2

Hon ey, Gary L. , Pfc , Construct ion Draftsman
BA , Museum School of Art , 1956

Ivey. Loi s F ., Research Psychologist
BS , Howard Un iversit y, 1953

Je linek , Robert E . J r., Chief Desi gn & Fabricat ion Section
— MS, Northwestern University , 1954
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Karsh , R obert , Pr iva te , Social Science A s s i s t a n t
BA , Brooklyn  College , 1957

Katchmar , Leon T. Dr. Chief Psychology Branch
— PhD , U n i v e r s i t y  of Mary land , 1954

Lazar , Richard G., Pr iva t e , Social Science  Ass i s t an t
MA , S y r a c u s e  U n i v e r s i t y ,  1957

McCaln , Claude N. Jr ., Engineer (Human Fac tors )
BS , University of South Carolina , 1950

Moler , Calvin G., Engineer (Human Factors)
- 

- BSEE , Davis & Elkins College , 195 0
Mower, Irving, Electronic Scientist

BS, Johns Hopkins Univers i ty ,  1952

Ny lund , Bruce  V. , Pr i v a t e , Mechanical  Engineer  Assis tant
BS, Un ive r s i t y  of Washin gton , 1956

Randall , James I ., Supervisory Elec t ronics  Scientist
BS , John s Hopkins UnIversi ty,  1958

Romba , John J ., Research Psychologist
MA , University of South Dakota, 1955

Schneider , Marvi n , R esear ch Psychologist
MA , Bowlin g Green State University , Ohio , 1953

Soya , B. Lawrence , Jr . Engineer (Human Factors)
BS , Worcester  Polytechnic Institute, 1955

Smith, Frank W. Jr. , SP3, Social Science Assistant
BA , Un i v e r s i t y  of Vir g inia , 1955

Stephens , John A. ,  Chief Systems Engineer ing  Section
BES , Rhod e Island School of Design , 1951

Stimpert , Ronald , Pr iva te , Mechanica l Eng ineer Ass i s t an t
BS, Indiana Technical College , 1957

I
Tiernan , James E .,  P r i v a t e , Social Science A s s i s t a n t

BS , Boston College , 1957

Torre , James P. Jr., Research Psychologist
BA , Adei phi College , 19 54

Webb , Lawrence G . ,  P r iva te , Social Science Assis tant
BA , Oklahoma City Univers i ty ,  1957

Weiss , Edward C . Dr. Chief Systems Evaluation Section
PhD , Universi ty of Maryland , 1954

W elsa , John D. Dr. Director Human Eng ineering Labor atory
PhD, University of Nebraska, 195 3

Wokaun, F. William, Research Psychologist
BA , DePauw University,  1952

CURRENT PROJECTS

A. SUPPORTING RESEARCH ACTIVITIES

Dare F~~’- ’  -

Project Experimenters Started

1. Effects of K Agent s on Simulated R . E. Jelinek Sept 57
Driving Lt.  J. Keys
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This is a cooperative research study, between the Human Engineering Laboratory and the
Army Chemical Center , designed to investigate the effects of K agents on complex psychomotor
performance.

Date Estimated
Project Experimenter. Started Completion

2. Physiological and Psychological El- J. 3. Romba Aug 55 Continuing
fects of Mozzle and Breech Blast.

Thi s program was initiated to determine the effects of blast parameters on various types of
perfor mance. Because of the obvious hazards involved the program was initiated on an animal
level.

Currently normative data are being collected on a group of 12 animals scheduled for ex-
posure during August 1958. The performance measures of primary interest are: learning
retention , relearning, locomot ion , interest , general appetite and auditions. Animals will be
initially exposed to a level of 5-7 PSI. Depending on the results this level will be increased.

3. Some Determinants of Vigilance J. Dardano Jan 58 Aug 58
Behavior I. Mower

This study is oriented toward specif ying in greater detail characteristics of individuals
required to perform prolonged monitoring by correlating a measure of arousal (GSR) with
detection of and response time to aperiodic stimulus presentation.

4. Human Capacity for Work Output S. A. Hicks Nov 57 Aug 58
Que stions often arise regarding the expected work output of individuals using various

type s of control devices or equipment under various climatic conditi ons. A literature review
was initiated in an attempt to integrate the available information on these topics and also to
provide areas of needed research.

5. An Evaluation of Impulse vs. Continuous R . Donley Jul 58 Sept 58
Noise on Hearing Loss

This is an evaluation of audiograms collected over a period of time on groups of individuals
who in their normal work are exposed to either continuous noise or impulse type noise such
as occurs in firing various type s of weapons.

6. An Evaluation of Methods for Present - J. R. Erickson Jul 58 Oct 58
ing Height Information to Radar C. Fried
Operators

Hei ght determination of aircraft targets is becoming increasingly more important in the
evaluation of tactical threat. Various method s have been proposed for displaying height infor-
mation such as encoded symbols, height categories etc . Thi s study will evaluate the various
methods from the standpoint of operator efficiency.

7. Sound Pressure Levels for Hand Held R . E. Jelinek Jun 58 Continuing
Weapons R . Donley

Thi s project has as its goal the compilation of sound pressure levels for hand held
weapons. A compilation of thi s type will be useful in the cross comparison of weapons with
respect to evaluating the requirements for ear protection on current and future hand held
weapons.

8. Development of Rada r Simulation Equip- J. I. Randall May 56 Continuing
ment 3. A. Stephens

E . C. Weiss

The goal of this development program is to provide a master facility which in addition to
its importance as a research tool , will be capable of evaluating critical humau factors prob-
lems of current or proposed radar systems.

One phase of the electronic system , which is capable of displaying sine wave derived
symbol s , has been completed. Current  efforts are directed toward generating a number of
moving targets.
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B • S Y S T E M S  EVALUAT ION ACTIVITIES

The details of the various systems listed below are classified from CONFIDENTIAL to
SECRET. These projects represent a continuing effort  to provide developing agencies with the
necessary specific human factors information to insure operational efficiency of the full y
developed systems.

This type of activity demands that project personnel become thoroughly fam iliar with the
military characteristics and the tactical situations envisioned for the system. Following this ,
detailed consultations are held wtth design personneltoinsure proper cognizance of human fac-
tors requirements in the design of the system. In many cases supporting research is con-
ducted to solve human engineering problems. An evaluation of component items is performed
as soon as the items are available in order to discover any deficiencies. Each of these pro-
grams will culminate in an evaluation of the complete operational system under field condi-
tions. Some of the main factors taken into consideration are:

a. Reduction of error-l ikely situations encountered In the assembly of the unit , handling
of component items, checkout procedures, and possible user abuse of equipment.

b. The efficiency with which trained operators can set up and use the equipment.
c. Ease of maintenance.
d. Environmental factors which might affect the efficiency of the system.
e. Deriving detailed standard operating procedures for the system.

The following weapon systems are Included in this program:

1. DART S. Torre Continuing
R. Gechwind

2. JUPITER E . C. Weiss Continuing
W. Wokoun

3. L.A.A. Weapon System C. N. McCain Continuing
M. Schneider

4. LACROSSE B. Soya Continuing
R. Lazar

5. Light Antitank Weapon H. Curran Continuing
(L.A.W.) 0. Chafldn

6. PERSHING W. Wokoun Continuing
• 0. Molar

7. RED EYE R. Karsh Continuing
0. Chaikin

8. REDSTONE W . Wokoun Continuing
0. Molar

9. SERGEANT M. Schneider Continuing
G. Molar

C. INFORMATION DISSEMINATION L. Ivey Continuing

To keep Ordnance engineers abreast of the rapid advances made in human eng ineering.
an activity was created which has the responsibility of disseminating valid human engineering
design criteria to Ordnance engineers in a form that is practical and understandable. Even
the most engaging and promising work can remain unused unless read and digested by those
who plan and develop equipment. Proper emphasis on pertinent material iUustrations , photo -
graphic layouts, and other publication techniques is employed for best results. Two publica-
tions are published regularly, a “Data Report” and a ‘ Newsletter. ’

0, FIELD LIAISON ACTIVITIES Team Leader s Continuing
C. D. Congleton
0. R . Garinther

The purpose of this program is to gather human engineering data pertinent to Ordnance
materiel assigned to combat organizations . The data are gathe red from militar~ personnel
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through questionnaires , Interviews, monitoring maneuvers , and other means which lend them-
selves to thi s problem. The data obtained through this program are evaluated by the Human
Engineering Laboratory and reduced to design criteria which are disseminated to Ordnance
design arsenals or other interested Department of Defense agencies.

Current surveys Include:

a. Atomi c checkout procedures
b. Cable and cable connector problems for Guided Missiles

BIBLIOGRAPHY OF PUBLISHED REPORTS SINCE LAST CONFERENCE
Report No. 1-57-1 A Human Engineering Evaluation of the REDSTONE Missile

(C) E, C. Weiss

Report No. 1-58-1 A Human Engineering Evaluation of the JUPITER Missile System:
(C) Lighting Specifications

E. C. Weiss - L. M. Feldman

Report No. 1-58-2 A Human Engineering Evaluation of the JUPITER Missile System:
(U) Cable Laying

E. C. Weiss - L. M. Feldman

Report No. 2-58-1 A Human Engineering Evaluation of the REDSTONE Missile System:
The Azimuth Laying System
W. Wokoun - E, C. Weiss

Report No. Z-58-Z A Human Engineering Evaluat ion of the REDSTONE Missile System:
(U) The Fir ing Data Computer Truck

E. C. Weiss - L. M. Feldman

TM No. 10-57 Human Engineering Problems of the Armored Personnel Carriers
(U) Tll3 andTll7

Albert S. Bacon, Donald R. Cronk, Anthony S. R ose.

TM No. 1-58 An Investigation of Symbol Meaning Combinations for Use in Radar
(U) Displays

James P. Torre - Leonard A. Sanders

TM No. 2-58 Evaluation of Radar Symbols for Target Identificat ion
(U) Joseph F. Dardano - Ray Donley with Technical Assistance of Harold

T , Cuiran .

TN No. 3 - 58  Human Eng ineering Evaluation of the LACROSSE Assembly Area and
(C) Launch Area- -Task III Missile, Launcher Series 3000- -Lewis Estrine

- Brun o L. Soya.

TM No. 4-58 Discriminability of AAOC Symbols
(U) 3. F. Dardano - 3. A. Stephens with Techn ical Assistanc e of H. T.

Curran , L. Sanders and 0. C. Wolfe

TM No. 5-58 An Evaluation of 50 & SOLB Ammunition Conta iners and Recoirun enda-
(U) ti ons for Impro ved Package Design

Samuel A . Hicks - Claude N . McCain

TM No. 6-58 Some Effects of Noise on Human Behavior
(U)  Nathan H . Azrin

TM No. 7-58 A Dynamic Human Engineering Evaluation of th Armored Personnel
( U )  Carriers TU3- T 117

0. R. Garinther - 3. Torre - S. E. Tiernan and D. E. Hoizen.

TM No.  8-58 A Human Engineering Review of Special Weapons Stock Pt!. to Target
(C) Sequence

C. 0. Congiston - F . W . Smith and W . H. Bostnger
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II. ORDNANCE WEAPONS COMMAND

VITA

Lorenzen, Theodore 0. Jr., Ordnance Engineer . BS, Bradley University, 1951

CURRENT PROIECTS

The Headquarters Ordnance Weapons Command, coordinates the human engineering pro-
gram on all mission items. Analysis and evaluation of development materiel is performed at
the member Arsenals assigned development support responsibility.

A continuing program of reviewing projects and technical reports concerning development
items and a constant search of new literatureis being carried on in order to assist the project
engineers on human factors problems.

Major emphasis during the past year has been concerned with the VIGILANTE (U) System.
by assisting the Human Engineering Laboratory and the System Contractor in the analysis
and solution of problems associated with the development of the system.

Numerous requests for human factors data on blast levels at crew positions of weapons
equipped with and without blast deflectors have been received and processed. Information on
blast levels is being gathered by the Human Engineering Laboratory on items under test at
Aberdeen Proving Ground.

Ill. ORDNANCE TANK-AUTOMOTIVE COMMAND

VITAE

Hansen, Alfred A. E., Human Factors Consultant, Special Engineering Branch, Research &
Development Division

Carney, William 13., Coordinator , Design Branch, Engineering Division

Huber , Roy 1..., Automotive Research & Design Engineer . Special Engineering Branch , Research
& Development Division

CURRENT PROSECTS

1. Super Mule (mock-up) at Detroit Arsenal, Center Line, Michigan

2. Air-Transportable Armored Multi -Purpose Vehicle T 1l6 (mock-up) at Pacific Car &
Foundry Company, Renton , Washington

3. Tank , Airborne 76mm Gun T92 at Automotive Branch, Aberdeen Proving Ground, Maryland

4. Air-Transportable Armored Multi -Purpose Vehicles T ll 3 El  and T 1L3E2 , Drawing
analysts, at Detroit Arsenal, Center Line, Michigan

5. Recovery Vehicle , Medium T-88, at Aberdeen Proving Ground, Maryland

6. Air-Transportable Armored Multi-Purpose Vehicle TI  13 , at Food Machinery and Chemical
Corporation, San Jose , California

7 . Air-Transportable, VIGILANTE Vehicle design analysis , at Food Machinery and Chemical
Corporation , San Jose, California

8. A one hundred and fifty (150) page Human Factors and Data Booklet pertaining to military
vehicles, to serve as a guidance to project engineers on military vehicles , will be pub-
lished by thi s Command sometime in June.
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IV. PICATINNY ARSENAL

VITAE

Goldsmith, C. T., Head , Human Engineering Unit , MA, Fordham Uni versity

Seminara , J. L., Psychologist, MA, New York University

Strauss, P. 5., Psychologist, MA, New York University

Worms , P. F., Psychologist, MS. City College of New York

Wright , N. L., Psychologist, MA, Fordham University

CURRENT PROJE CTS
Several types of Human Factors tasks are presently underway in the Feltman Research

and Engineering Laboratories:

1. Systems Design

Human Factors Specialists are currently working as a member of the “design team”
for the warheads phases of the following Atomic Projects:

a. XM75 - NIKE HERCULES
b. XM84 - LACROSSE
c, XM86 - HONEST JOHN
d. XM9O - HAWK
e. HM9 1 - SERGEANT
f. XM - NIKE ZEUS

The participation in team design efforts extends also to the DAVY CROCKETT Project and
other classified items.

Human Factors areas considered include:

a. Analysis of tasks
b. Personnel requirements
c. Training requirements
d. Manuals and check sheets
e. Test equipment
f. Handling equipment
g. Packing
h. Assembly
I. Work Space Layout
j. Maintenance
k. Pre-and-In-Flight Activities
1. System synthesis

The methods used are both analytical and empirical , and the results consist of detailed
design recommendations for the consideration of , and implementation by, the project manager.

2. Supporting Research

a. Radioactive Illuminant s. Having established the feasibility of utilizing sell-lum inous
material to light Ordnance information displays , research in thi s area continues in

- - order to specif y optimum colors , brightnesses , character sines and design..

b. Control/Display Ratio, An investigation to determine optimum C/D ratio, torque ,
and control size for setting information into devices is underway.

c, Effect of Battle Stress. A comprehensive literature survey, aimed at collecting
information on the effects of battle stress on performance with Ordnance equipment
is underway.
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3. Ad Hoc Studies

Empirical investigations aimed at evaluating specific pieces of equipment. Currently
underway are studies of:

a. Optimum location, type and design for multi -position fuze selector switches.

b. An analytic and experimental evaluation of several hand-held weapon systems.

4. Systems Analysis

Studies which, although they may include an experimental phase , are prim aril y
analytical in nature. •

a. An evaluation of the nature and extent of human errors in artillery accuracy in
relation to all other system errors.

b. A study of the effectiveness of anti-personnel mine fields in relation to distributi on
and visual detectability of mines.

5. Miscellaneous Activities

a. Con sultation. Almost ~ man/year per year is devoted to consulting with design
personnel concerning optimum design of equipment.

b. Field Liai son. In addition to internal field information gathering tasks , a second
field stud y of Atomic Weapons, conducted by HEL , is being monitored.

BIBLIOGRAPHY OF PUBLISHED REPORTS SINCE LAST CONFERENCE

Picatinny Arsenal Technical Reports

No. 247 1 Readability Treshold of Letters and Numbers Backlighted by Radiciactive
flluminants
Wright , N. L. and Seminara , .1. L., May 1958

No. 2539 A Human Factor s Evaluation of Metal Container Opening Devices Under Arctic
Conditions
Strauss, P. 5. and Worms , P. F. In Press

No. 255 1 An investigation of the Maximum Allowable Torque for Rotary Selector Knobs.
Worms , P. F. and Goldsmith, C. T. In Press .

Engineering Research Laboratory Technical Memos.

No. 109 A Human Factors Evaluation of the XM2 89 and XM386 Launchers in relation to
the XM86 Adaption Kit for the XM5O HONEST JOHN ROCKET. (U)
Seminara , J. L. April 1958. Report CONFIDENTIAL.

No. 112 Human Factors Recommendations for a Carry Device for NIBLICK Ammunition.
(U).
Strauss. P. 5, May 1958 Report SECRET , Special Handling.

No. 117 An Investigati on of a Simulated “Stress ” Condition.
Worms , P. F. May 1958.

No. 118 Preliminary Report on the Visua l Detection of Fluorescent Colors.
Wright , N. L. and Goldsmith, C . T. May 1958.

In Press Phase I, Human Factors Research Program to Determine the Optimum Multi -
Position Fuze Selector for Artillery Rounds.
Seminara , S. L.. and Worms, P. F.

In Press A study of Legibility Concerning the Interaction of Letter Design with the Color
and Brighthess of Tra n.illuminat ion,
Wright , N. L.
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V. WATERTOWN ARSENAL

VITA

Ernst , Harry W ,, Acting Deputy Chief , R&D Division

CURRENT PROJECTS
Human factors studies conducted in the design of the XM33 Launcher and VIGILANT E

projects.

VI. U. S. ARM Y ORDNANCE ARSENAL, WATERVLIET , WATERVLIET , NEW YORK

VITA

DeTogni , G, R ., Ordnance Engineer (Human Factors), B.S. in Physics , Union College , 1951

CURRENT PROJECTS
Estimated

Date Completion
Project Experimenter Started Date

1. VIGILANTE G. R. DeTogni Jan 57 Jun 58

a. A time and motion study of the ammunition loading oper ati on was performed, con-
sidering the speed and effort of the various possible motion patterns. Standard data plus time
estimates were used to determine the overall time for reloading under normal and emergency
conditions. Results were coordinated with the various Ordnance agencies and contractors
involved in the development of this weapon system.

b. By contributing existing safety and performance standards, an optimum size , shape
and weight ammunition box was mutually determined at an interagency coordination meeting.

2. Pivot-Chamber Gun G. R. DeTogni Apr 56 Sept 57

a. Discussion with project personnel and review of concept sketches plus proving-
ground test firing were undertaken to consider the human factors involved in the app lication
of this new weapon desi gn to larger caliber cannon. While some operational, maintenance and
safety problem areas exist due to the temporary and economic nature of the proof test com-
ponents and set ups, the overall problems appear no more severe than those of conventional
cannon. Many safety , operational and functional advantages are possible in larger size pivot
chamber Cannon,

b. Use of newly developed ammunition ls  being studied. Coordination with Picatinny
Arsenal will be performed during proof tests to evaluate items of mutual interest.

3. Envi ronmental Studies 0. R . DeTogni Oct 55 Continuing

a. 81mm Mortar T64E2

The relative merit of two elevating crank knobs was evaluated by performing a
time and motion anal ysts . Speed and effectiveness of operation , operator comfort and safety,
crank-radius and torque re quirements , operation with Arctic handwear , knob length-to-diam-
eter ratio and operator dimensions were considered. Results and recom mendations were
submitted to cann on designers.

b. Arctic tests

Fort Churchill , Canada , engineering tests were reviewed. Among other data , a
maxi mum time limit of five minutes was recommended for operational and maintenance ta sks
requi ring removal of outer handwear (two pairs of glove. , oute r leather and inner wool , are
still worn),  Arctic test fi lms were viewed by design engineers; gloved-hand and other
anthropometric data were distributed to design engineers.
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BIBLIOGRAPH Y OF PUBLISHED REPORTS

Quarte rl y Report , TR 2O1 B , Oct 57 , Environmental Tests of Cannon Component. , G. R . DeTogni

Quarterly Report . TR 2 OlB , Jan. 58, Environmental Tests of Cannon Components , 0. R. DeTogni

Quarterly Report , TR 20th , Apr. 58, Environmental Tests of Cannon Components . G. R.
DeTogni .

Quarterly Report , TR Z O IB , July 58, Climatic and Human Engineering Studies, 0. R. DeTogni .

Consolidated Aimual R&D Project Report , T W 4161 , Environmental Tests of Cannon Components

VII. ORDNANCE CORPS, ROCK ISLAND ARSENA L
VITAE

Heidel , William, Carriage Design Engineer, BSME , Bradley University, 1951

Sharp, Harold , Launcher Design Engineer , BSME , University of Illinoi s, 1948

Peterson, Warren , Laboratory, BSME , Bradley University, 1932 -

Frey mann , Edward , General Ordnance Design Eng ineer

Johnson , William, Ordnance Design Engineer

CURRENT PROJECTS
1. Equipment Design (Internal)

Human engineering evaluation of the LITTLE JOHN and HONEST JOHN Rocket Launcher
Systems.

2. Supporting Research (Internal)

a. Noise Abatement Project. Reducing the noise of a chain hoist on rocke t launcher han-
dling equipment. Thi s project reduces troop detection in a night operation, which improve.
psychological and morale factors affecting troop performance.

b. Coated Handwheel Project. Investigation of the reduction of the thermal sensitivity of
the hand by coating handwheels with plastisol and operating them in the temperature extremes.

VIII. FRANKFORD ARSENAL, PHILADELPHIA, PENNSYLVANIA

VITAE

Barron, John W., Psychology Assistant, PFC, MA, Atlanta University, 1957

Cotnam , John D ., Psychology Assistant, PFC, BA , Syracuse Utiiversity, 1957

Garner , Dr. Wendell R., Consultant, The John s Hopkins University, Department of Psychology

Gibson , Dale , Psychology Assistant, PFC, BA , Denison University. 1957

Karr, A. Charles, Psychologist (Human Engineering) MA, Lehigh University , 1953

Teichner Dr. Warren H,, Consultant, University of Massachusetts, Department of ~‘sycho1ogy

Tulencik , Joseph 0., Psychology Assistant, PFC , BA , Ohio University, 1956
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CURRENT PROJECTS

Date Estimated
Project Experimenters Started Completion

1. Tank - Tracking Study A. Charles Karr Nov 57 Jun 59
PFC Dale Gibson

The purpose of this project is to determine the optimal joy-st ick control character is t ics
for ant i- tank weapons. To accomplish this goal , a tracking system is being developed which
wil l simulate as closel y as possible true tank-tracing problems. As presently conceived , the
tracking system will permit the testing of various weapons systems and will be valuable as a
training simulator .

2. Human Engineering of U-BAT Weapon PFC Dale Gibson Oct 57 Jul 59
PFC John W.Barron

This Branch has had the human engineering responsibility for the design of the U-BAT
system. Major emphasis has been on the design of the sight and the control system. Place-
ment and design of the various components for the purpose of aesu~ ing the most efficient
overall system have received considerable study. Other human factors problems with respect
to man-portability, ease of maintenance, environmental problems and the like have been given
due consideration during all design-development phases.

An experimental program was designed and initiated for determining the feasibility of
using a joy-st ick control system for thi s weapon. The U-BAT recoilless rifle (joy-stick-
controlled) was compared with the BAT recoilless rifle (Handwheel-controlled). Moving and
stationary targets were used. The tanks were simulated by standard 7-1/2 x 7-1/2’ targets
at ranges of 1500, 3000 and 4500 feet with velocities of 20, 25 and 30 MPH. Firing of both the
spotter and the major caliber were simulated by a spot of light directed from the barrel of
each weapon. A clock was mounted at the bottom of the screen. Thus , the flash on the screen
from the light offered accuracy data while the clock gave an indication of time. These data
were recorded for each firing of either weapon by means of a camera placed in front of the
screen.

The results of this study cannot be regarded as conclusive because of the small sample
(four subjects). From the data. recorded , however , the j oy-stith showed signs of being the
superior control system. Thi s is not to imply that the joy-stick system I. optimal as it now
stands. Optimal control-display ratios and force requirements have yet to be determined.
A thoroug h program of research is required in order to determine these optimal joy-stick
control characteristics with any degree of confidence. Thi s matter is now being investigated
under a separate project.

3. Development of a Memory Sight Pfc J. Tulencik Oct 57 Sept 59
A. Charles Karr

The development of the memory sight to be used is in conjunc tion with spotting rifles
still In Its rarly stages . This sightincorporates a reticle with a phosphor coating that records
the position of the spotting round in relation to the target and the point of aim. In thi s way
the gunner can make corrective adjustments on the basis of the displacement of this spotte r
from the target as reviewed through the sight. The Engineering Psychology Branch is monitor-
ing the development of one type of memory sight and is investigating other possible techniques.

4. Human Engineering Problems of Pfc J. Cotnam Sept 57 Continuing
Shoulder Fired W eapons

Thi s Branch works closely with the design engineers to uncover , study, and derive solu-
tions for human engineering design problems for a variety of shoulder-fired recoilless
weapons. In connection with one particular weapon, for example, the human engineering
responsibility has been to study human factors problems, resulting from use of a new spotting
system , evaluate the shoulder rest desi gn , suggest impro vements , and assist in planning
operational tests.

5. Study of Spotting Techniques Pfc J. Cotnam Jul 58 Continuing
Pfc D. Gibson
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This Branch has been asked to look into the feasibility of usin g multi ple shot spotting

rounds in place of the present sing le shots. The intent ion here is to reduce the t ime between
target acquisition and ta rge t  kill. The reasoning behind this is that with  an optimal number
of shots and separation in range , (successive or s imultaneous)  the operator should be able
to get on target  much more rapidly. It is assumed that the multiple spot te r  display wil l  pro-
vide the operator more information more quickly than can be achieved with sing le shots .

IX. U. S. ARMY ORDNANCE MISSILE COMMAND ARMY ROCKET ~ i GUIDED MISSILE
AGENCY, REDSTONE ARSENAL, ALABAMA

VITA

Graham, Donabi I,, Jr., Technical Advisor, Field Protective Measures and Human Engineering.
CE degree , Northwestern University

CURRENT PROJECTS

This agency has current and continuing human factors studies involved with the following
guided missile projects. In brackets are the contractors engaged on said projects and funded
by this agency directly, or indirectly:

1. DART (Aerophysics Development Corp - Utica Bend Corp - HEL)

2. LACROSSE (The Martin Company - HEL)

3, SERGEANT (JPL - HEL)

4. HAWK (Raytheon Corp - Dunlap & Associates - HEL)

5. NIKE HERCULES (BTL - Douglas Aircraft Company )

6. TALOS (RCA)

7. RED EYE (Convair - HEL)

8. AAOC Radar Symbol Studies (HEL)

9. LIGHT ANTI-TANK WEAPON (Hesse-Eastern-HEL)

BIBLIOGRAPHY OF PUBLISHED REPORTS

This agency has published no reports under the ARGMA name in regard to human engi-
neering. However, AROMA has initiated and funded the above referenced projects which have
all resulted in published reports or technical memoranda from either the HEL/APO or the
contractor. The distribution of reports from one contract to the participants in another con-
tract, where appropriate , assures broad dissemination and use of the technical data obtained.

X. OFFICE OF ORDNANCE RESEARCH, U. S. ARMY, DUKE STATION, N. C.
VITAE

Murray, James J,, Director , Engineering Sciences Division, OOR

Espenschade, Park W,, Chief, Environmental Branch, Engineering Science Division

XI, DIAMOND ORDNANCE FUZE LABORATORIES, WASHINGTON, D. C.

VITAE

Brown , Horace E ., Jr.

Ulr ich , John A,, Lt Col
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U. S. ARMY ORDNANCE ARMORY, SPRINGFIELD , MASSACHUSETTS

VITAE

Lizza , Albert J., Rifle & Hand Arms Design Eng ineer , MS (Mechanical Engineering)
University of Massachusetts, 1958
Area of specialization: Ordnance Engineering

Rocha, John C., Rifle & Hand Arms Design Engineer , BS, New Bedford
Institute of Technology, 1952
Area of specialization: Ordnance Engineering

CURRENT PROJECTS

1. Weapon Wei ght Distribution Program: A study of the effect of shoulder weapon weight
distribution on the time required to getweapon on target and accuracy of shooter weapon com-
bination. This study, being conducted by the Armory, is outlined in a memo to PP&CO dated
26 March 1958.

2. Sight Configuration Study: A study of several iron sight configurations to determine
the effect on the ability of the shooter to bring the weapon rapidly on target and obtain a hit.
Several types of specially designed sights are currently being fabricated for testing by the
Armory,

BIBLIOGRAPHY

1. Contract DA l9-020-504-ORD-4264 , a study of the effects of low level illumination on
sight performance.

2. Contract DA-19-0Z0-504-ORD-4278 , a study of the relationship of the stock comb to
sight line.
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NATICK, MASSACHUSETTS

I . Vitae

II . Current  Studies

HI . Bibliogr aphy of Published Reports
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I . VITAE

Burkhalter , Tho mas H ., 1st Lt., QMC , Human Factors Study Group, M.A. Ohio State Univer-

sity, 1956. Area of specialization : Human factors problems in systems operations; engi-

neering p sychology.

Dusek . Dr. E. Ral ph , Chief , Psychology Branch , Ph.D . State Univers i ty  of Iowa , 1951. Area

of specialization : Physiological psychology; psychomotor performance.

Fine Dr Bernard J. Research Psychologist . Systems Research Section , Ph.D. Boston Uni-

versIty , 1956. Area of specialization: Social psychology with emphasis on attitude change ,

personality and small groups.

Gardne r , Dr. R . Allen , Research Psychologist , Psychophy siology Section , Ph.D. Northwestern

Universit y, 1954. Area of specializati on : Perception; learning.

Gaydos , Dr.  Henry F ., Chief , Psychophysiology Section , Ph.D . Universi ty of Florida , 1953.
Area of specialization: Tactual_k inesthet ic perception; apparatus design; human engi-

nec ring.

Jones , Clarke E., Re search Psy chologist , Human Engineering Section , M.S. Pennsy lvania
State University, 1949. Area of specialization: Physiological psychology.

Kobr ick , Dr. John L ., Chief , Human Engineering Section , Ph.D . Pennsylvania State University,
1953. Area of specialization: Engineering psychology; apparatus design; learning.

McGinni s , Dr. John M., Chief , Systems Research  Section , Ph.D . Yale University , 1929. Area
of specialization: Human factors components of system desi gn; troop attitudes and
preferences.

Mende nhall , Robert L ., Captain , OMC , Human Factors Study Group, M .S. Oklahoma A&M
Colle ge , 1956.

Newman , Dr. Russel l  W ., Chief , Anthropology Branch , Ph.D . University of California , 1949.
Area of specialization: Applie d physical anthropology.

White , Robert , Physical Anthropologist , Anthropology Branch , B.S. Haverford College , 1939.
Area of specialization: Applie d physical anthropology.

II. CURRENT STUDIES

A. CRITICAL ENVIRONMENTAL FACTORS AND THE QM-EQUIPPED SOLDIER
Date Date

Studies Experimenters Started Completed

1. Speed of Response as a Function of Heat H . F. Gay dos June 58 June 59
and Cold Stress on the Soldier,

The purpose of thi s investigation is to determine what effect  exposure to hot or cold
environment , which results in changes in the soldier ’s body thermoregulatory functions ,
will have on his reaction time for several types of responses.

2. Performance on a Vigilance Task as a R . A. Gardner July 58 June 59
Function of Cold Stress and Other Stress
Variables.

The capacity to remain alert in order to detect low intensity stimuli in the surrounding
environment is known to deteriorate with the passage of time. The purpose of these studle, is
to determine how such deterioration may be affected when a soldier is subject to conditions
of cold s tress  alone and in combination with other s t ress  variables .

3. Studies of the Effects of Heat and Humidity H . F. Gaydos Aug 58 June 59
on Performance of Complex Mental Tasks
and Tasks Requiring Sustained Mental Con-
centration.
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Dry bulb and wet bulb temperatures will be systematically varied in orde r to deterkntne
critical values at which performance on different  type s of mental tasks is si gnificantly affec~ed.

Date Date
Studies Experimenters Started Completed

4. Studies of the Relationship Between Per-  B . J .  Fine Apr 57 Dec 59
sonality Variables and Changes in l~~ood
Circulation Time During Soldier Exposure
to Cold.

The purpose of this series of studies is to investigate the psychophysiological concom-
mitants of behavior under conditions of cold stress.  Preliminary studies indicate that con-
sideration of personality variables may effectively inc rease the precision and reliability of
cold chamber studies . The results of such studies will be relevant in field studies conducted
under conditions of extreme cold as well.

5. Exploratory Investigations of the Rela - H . F. Gaydos Mar 58 Aug 58
tionships Between Psychological and B , S. Fine
Anthropological Variables and Physio-
logical Responses for Soldiers Experi-
encing Cold Stress,

Thi s is an effort to isolate some of the individual variability noted in many physiological
studies conducted with soldiers experiencing cold stress. I t is  hypothesized that psychological
and anthropological variables may account for much of this variability. In these studies an
attempt will be made to determine the nature of the relationships between the relevant varla-
bles .

6. Effects of Experience with Anchor Points B . S. Fine Mar 58 Sept 58
of a Scale on Values of Words Rated on
the Scale.

In attempting to improve techniques for rating and scaling soldier responses to GM items
under conditions of stress more information is needed on characteristics of variables af-
fecting scaling procedures. This study Is an attempt to assess the importance of prior rater
experience with words used on a rating scale.

7. InvestIgation of the Effects Rater Charac - B . J. Fine Mar 58 Oct 58
teristic s on the Scale Values Derived from
His Rating of Items .

Thi s is an attempt to determine to what extent the rater acts as a source of bias in rating
GM Items on scaled questionnaires and to determine whether such bias may be controlled
or removed from the scored responses.

8. Investigation of Differences in Preference Psychological Re- June 56 July 58
Reactions of Airborne and Regular Troops, search Assoc .

Contract

Methods previously employed to determine criteria used by Artillery . Infantry, Ordnance,
Armor and Signal Corps troops In evaluating GM clothing and equipment have been applied
to Airborne troops. The purpose of the study was to determine whether or not Airborne
Troops use significantly different criteria in evaluating GM Items for paratroopers anticipating
making a combat jump.

B. STU DIES OF SOLDIER - EQUIPMENT -ENVIRONMENT SYSTEMS AND INCOMPATIBILITIES

1. Human Engineering Study of the Mainte - Capt. R. L . July 58 Sept 58
nance of GM Materials Handling Equipment. Mendenhall

This study will examine the man-machine-supply system in maintenance , The purpose of
the study is to Identify problems which desi gn personnel may take into account in future end
item development. Specific areas to be investigated are application of sound human engineering
in machine design for maintenance and the resources and supplies necessary for accomplish-
ing maintenance,
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Date Date
Studies Experimenters Started Completed

2. Operational Analysis of the Missile Pro- 1st Lt T. H . Jan 57 Continuing
pellant Handler ’s Clothing. Burkhalter

Formal studies of problems assocIated with missile propellant handlers ’ uniforms have
been completed for the existing standard missile systems. Work on a consulting basis to
design technicians Is continuing and needs for more work for future missile systems are being
considered.

3. Human Engineering Compatibility Studies let Lt T . H. Jan 57 Continuing
of GM Equipment Used with Missile Burkhalter
Systems. Capt R . L.

Mendenhall
Dr. J. M . McGinni s

The Redstone , LaCrosse, Nike and Corporal Systems have been studied for possible in-
compatibilities with the GM-equipped soldier. Studies carried out in conjunction with the
winterization tests of the Redstone System revealed a relatively small number of incom-
patibilities. A report has been prepared .

4. Studies to Resolve Major Functional Incom- S. M. McGinni s July 58 July 59
patibilities between GM Desi gned Standard
Items and Those Designed by Other Technical
Services.

Previous studies have revealed those QM items most frequently found to be incompatible
with items of other services. Follow -up studies are being planned.
5. Areas of Incompatibility between the Soldier S. M . McGinni s Jan 57 Continuing

and Experimental Arctic Headwear Systems.
Standard headwear and five 1957 experimental cold weather head and face protection sys-

tems were studied under conditions of extreme cold. The advantages and limitations of each
system have been reported to responsible design technologists and recommendations made
which may assist in the continuing development of such protective systems. Studies of the
more advanced prototype systems are anticipated.

6. Operational Analysis of Activities of GM Capt R . L. Aug 58 Aug 59
Equipped Soldiers Engaged in Selected Mendenhall
Typical Military Tasks.

An attempt has been made to determine significant military tasks which may be used as
criteria for evaluating soldier performance with GM Items of equipment . Work will continue
with an effort  made to desi gn miniature situation s having high face validity.

C. HUMAN ENGINEERING FOR DESIGN AND DEVELOPMENT OF GM ITEMS

1. Determination of Movement and Endurance State LI . of Iowa Nov 55 Aug 58
FunctIon s of the Hands and Fingers. Contract

Th is r esear ch wa s un der take n t o pr ovide da ta on the e f f e c t s  of fat i gue on normal hand
functions. Such data are to be used for improving handwear design.

2 . Measurement of the Size and Force of Foot State U. of Iowa Sept 55 Aug 58
Movements with Reference to Fatigue Contract
Problems.

A series of tests were developed to provide anthropometric data on the foot and to provide
information about the effects of fati gue on the functioning weig ht and non-we ig ht bearing foot.
The data obtained from this initial phase of the contract  were  used to desi gn experimental
foot g~’ar which may potentially reduce fati gue and increase foot comfor t .  This footgear is now
being studied and eva l uated.

3. The Effects  of Distribution of Insulation on 3. L . Kobrick Jan 58 June 59
the Hand upon Hand Temperature and Hand
Pe r formance.
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A series of studies have beend esi gned toinvestigate the interrelationships exi sting bet ween
local hand temperature, body temperature and amount and location of insulation placed upon
the hand. Information obtained will be used to guide handwear designers in an effort to pro-
vide maximum protection with minimum interference with hand performance.

Date Date
Studies Experimenters Star ted Comp leted

4. Protective and Performance Characteristics E. R . Dusek Jan 57 Dec 58
of Experimental Handwear Varying In Fin-
ger Design.

B oth the protection afforded by and the performance possible with experimental handwear
varying in number of fingers available for manipulation have been evaluated. Preliminary
results indicate that protection is critical for the fourth and fi fth digits and that performance
is not greatly enhanced when these fingers are separated through glove design.

5. Manual Performance While WearIng Experi- E. R. Dusek Sept 57 Sept 58
mental “Chinese Sleeve ” Handwear. J, L. Kobrick

Several types of handwear worn with the “Chinese Sleeve” have been evaluated wi th
respect to the efficiency of manual performance possible when wearing such handwear. Infor-
mation obtained is being forwarded to responsible handwear designers.

6. Preparation of a Human Engineering Hand - S. L. Kobrick Jan 58 June 59
book to Provide Data on the Size and Shape
of the Head , Neck and Shoulder Area of the
Soldier When Wearing GM Headwear Items.

Thi s study will provide information for use by engineers and equipment designers to reduce
incompatibilities among related GM items and those of the othe r Technical Services.

D. ANTHROPOMETRIC CHARACTERISTICS OF THE MILITAR Y POPULATION FOR HUMAN
ENGINEERING OF QMC ITEMS

1, Photometric Analyses of Contour Relief of R. M. White Aug 57 Continuing
the Head , Hands and Feet. R. W , Newman

Purpose is to collect and describe anthropometric dimensions of a reference population
obtained by two photographic contourometers especially developed for this purpose. Both
vertical and horizontal contour reliefs with intervals of one -quarter inch or greater can be
used. Reference design data for headwear, handwear , and footgear will be obtained.

2. Anthropometric Sizing Studies of Experi- R . M . White 1948 Continuing
mental Items of Clothing and Personal R . W . Newman
Equipment.

Anthropometric sizing studies to determine adequacy of fit , coverage of population, com-
patibility. etc. are conducted on all new or modified items. Results are published as research
study reports with local and special distribution.

3. Small Unit Clothing Tariffs. R . W , Newman Jul 57 Continuing

A methodological system for predicting else garment tariffs for small units (1000 men or
less) has been established. See report QMC presentation of this conference.

UI. BIBLIOGRA PHY OF PUBLISHED REPOR I~
Burkhalte r , T. H . An analysis of some human factors to be considered in developing pro-

tective devices for Army aviators. EPRD Res. Study Rept . PB- 16, 1958.

Dusek, IL R. Manual performance and finger temperature as a function of ambient tem-
perature. GM Rh E  Comd. Tech. Rept . EP-68, 1957.

Dusek , E , R. Standardization of tests of gross motor performance. QM R&E Comd. Tech.
Rept. E P - 8 l , l95S .
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Dusuk , E. R . Encumbrance of Arctic clothing.  GM R & E  Comd . Tech. Rept . EP-85 . 1958.

Fine , B . 3. The comparative effe ctivene ss of some psychological and physiological meas-
ures in ranking the impact of di verse environmental conditions. EPRD R es.  Study Rept . P8-
15 , 1957 . ( Also 3. app1. Psychol. in press .)

Fin.. B. 3. The relationshi p between certain scales of the Minnesota MultiphastC Per-
sonality Inventory and susceptibility to prestige suggestion. Psych. Newsletter, 1958 , 9, 200-
203 . (Also EPRD Res . Study Rept. P8-20 , 1958.)

Fine , B. 3. and D . F . Haggard.  Contextua l effects in scaling. 3. appl. Psy chol. , In press.

Gay dos , H . F. Effect on complex manual performance of cooling the body while maintain-
ing the hand s at normal temperatur es.QMR$~EComd. Tech . Rept . EP-84 , 1958. (Also 3. appl.
Physiol.. 1958 , Il , 377-380.)

Gaydos , H , F. Sensiti vity in the judgment of size by finger span. Am. 3. Psychol., In press.

Gaydos . H , F. and IL R. Dusek. Effects of localized hand cooling versus total body cooling
on manual performance. 3. appl. Physiol .. 1958 , i~. 377-380.

Jone s, C. IL Recommendations for the design of ground panels to guide aircraft  to landing
points. EPRD Res. Study Rept. PB-lB . 1958.

Jones , C , IL , 3. L. Kobr ick and H . F , Gay dos. Anthropometr ic and biomechanica l char-
acteristics of th’~ hand. OM R&E Comd. Tech. Rept.. In press.

Kobr ick , 3. L. Human engineering evaluation of radical Arcti c handwea r systems : II. Ski n
temperature comparisons of parts of the hand for the experimental Chinese sleeve and the
standard Arctic mitten ensemble. EPRD Res. Study Rept. PB-Il , 1957.

Kobrick , 3. L. Human engineering evaluation of radical Arctic handwear systems:
III . A comparative study of the modified Chinese sleeve and the standard Arctic mitten
ensemble. EPRD Re.. Study Rept . P8-17 , 1958.

Kobrick , 3. L. Evaluation of thermal protective face masks. EPRD Res. Study Rept. PB.
19, 1958.

McGinnis , .1. M. GM human engineering handbook series: V . Handbook of criteria used
by troops in evaluating clothing and personal equipment. GM R&E Comd. Tech. Rept . EP -74 .
1957.

McGinnis , S. M. A preliminary as sessment of standard and 1957 experimental  cold weather
head and face protective systems, as systems. EPRD Res. Study Rept. P B - l 4 , 1957.

Mendenhall , R . L. A human factors study of GM field space heating equipment. EPRD
Res. Study Rept. P8-21 , 1958.

Teichner , W . H. Assessment of mean body surface temperature. 3. appI. Physiol.. 1958,
)
~
, 16 9-176.

Teichne r , W. H. Measurement of relati ve body surface temp erature variati on and a con-
cept of skin temp erature stress. EPRD Re ., Study Rept . P 8-22 . June 1958.
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I
RESUME

I. VITAE

Davy , Dr . Earl . Chief , Psychology and Human Engineering Branch.
Ph.D. Columbia University. 1952. Area of Specialization: Physiological Psychology .

Kolovos , Dr. Ernest  R., Physiologist, Captain. MSC .
Ph.D . University of Pittsburgh, 1952. Area of Specialization: Physiological Psychology.

Wilbe r , Dr. Charle s G., Chief , Comp arative Ph ysiology Branch.
Ph.D. John s Hopkins UniversIty , 1942. Area of Specialization: Environmental and Com-
parati ve Physiology.

Woodward , Dr. Arthur A,. Jr., Ph ysiologist , Applied Physiology Branch.
Ph.D. University of Pennsylvania, 1947. Area of Specialization: Environmental Physiology.

Grosser , Dr. George S., Psychologist , Psychology and Human Engineering Branch,
Ph.D. Boston Uni versity , 1952. Area of Specialization: Physiological Psychology.

Kays , John M. . 1st Lieutenant , CmlC , Psychologist.
B.A . Emory Unive r s i ty ,  1956 , Area of Special ization : Experimental Psychology.

Roberts , Albert  P. , SP3 , Social Sciences Assis tant .
LA. Queens College , 1953. Area of Specialization : Exp erimental Psychol ogy.

Blanton , James E. , SP3, Social Sciences Assis tant .
LA. University of Maryland , 1956. Area of Specialization: Psychology.

Shelley, Leon B., Pfc , Mathematical and Statistical Assistant.
B.S. Central Michigan College , 1956. Area of Specialization: Mathematics and Industria l
Arts .

Garrett , Ronald S., Pfc , Social Sciences Ass i s tan t .
BA. Louisiana State Un iversi ty,  1956. Area of Specialization : Experimental Psychology.

II. CURRENT PROJECTS

A, Directorate of Medical Research

1. Continuation of the investigation of the effects of GB June 1957-June 1958
in sublethal concentrations on human behavior.
The effect of sub-lethal concentrations of GB on humans was experimentally inve stigated

following whole-body exposure of human subjects to GB at a concentration of 2 mg/rn 3 for 2
minutes. Subjects were exposed to GB , and post-exposure performance on ~.-attery of tests
was compared with performance during the final pre -exposure session. The battery of tests ,
related to steadiness, dexterity , addition ability , reaction time and eye -hand coordination,
was administered during three pre-exposure and three post-exposure sessions. The pe r-
formance measures were not severely impaired by GB exposure at the Ct employed. Improved
performance was noted In many tests. While hand steadiness may be slightly impaired in pro-
portion to the cholinesterase acti vity decrement, the extent of cholinesterase inhibition was
found to be unrelated to the extent of either an impairment or an improvement of performance
on the other tests.

2 . Evaluation of three experimental model mask-to- August 1957-August 1958
mask resuscitator.
The Mask-to-Mask was developed primarily to resuscitate nerve gas casualties. Subjects

were enlisted Army and Air Force personnel with no prior experience using resuscitating
equipment. Evaluations considered the operating characteristics and functions of the resusci-
tator. from the standpoint of the user.  Critical item. in the carrier  were positioned in easily
accessible locations, and an adequate method for packing each experimented model was worked
out. A minimum of instruction appeared necessary to train operators to use the resuscitator.
Emp hasis must be placed , however , on efficient breathing procedures while carrying and
breathing a casualty. With the employment of proper breathing, subjects stated it was slightly
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more difficult to breathe a casual ty than to breathe through the regu lati on ga. mask . The
limiting factor in a one-half mile litter carry while breathing a 150-pound simulated bronckio-
constricted casualty was fatigue of hand and arm muscles rather than resp iratory fati gue.

Tests have shown that the R - l  and R-Z  models of the mask-to-mask resuscitator functi on
satisfactoril y at -30°F. A trial of the later R-3  model at -30°F. indicates that thi , model is
also functional at low temperatures. Low temp erature behavior of all three models is ex-
pected to be similar since all have fundamentally identical valve mechanisms. Tests of the
model R -2  resuscitator , in which the subjects breathed against resis tances up to 40 mm. of
Hg, show that outward leaks from the operator’. facepiece are neither frequent nor of lar ge
magnitude provided that the face piece Is well fitted. Prope r fitting demands the use of a
small size facepiece for persons with narrow or small heads. Tests are in progress on
model R - 3  to determine the amount of outward and inward leakage at the operator ’s facepiece.

3. Mask , Protective, Field , E 13R9, and M9A 1,

A physiological evaluation of the Mask, Protective, Field, E13R9 was made in comparison
with M9AI mask. Endurance tests were conducted under conditions of heavy work , carry ing a
49 lb. pack up a 12% grade at 3 mIles per hou r in 5 different environments. The average
endurance times (minutes) showed little difference between th e El3  and the M9 masks accord-
ing to the following data:

Cold Wet Cold Dry Hot Dry Hot Wet Temperate

M9 17 .9 14.7 4.3 5.5 1 1 . 3

E l3  13.6 14.5 6.3 5.5 12.8

Speed running tests , indicative of performance in tasks such as a rapid assault maneuver,
were carried out with paratroopers wearing the M9A1 and E13R9 gas masks ove r a 1 /2  mIle
course. These men also ran without masks and with M9 and E l 3  gas masks with the filterin g
material removed and therefore with little inspiratory resistance. The average time for running
the course with no mask was 174~i 6 seconds. The masks contributed an incr ease in running
time as follows: M 9, 10,9% ; E l3 , 6.9%; M9 without filter , 5.7%, These results were statis-
tically significant at the 95%level. The El3without filter did not produce a significant increase
in running time. The foregoing applies to the entire group of men. In a selected group of well
trained men , the effect of the E l3  in increasing the running time was not significant. The £ 1 3
produces a 7 .4% decrease in running time compared to the M9 in well trained men . In men
not in top physical condition or poorly motivated the difference between £13 and M9 may not
be significant. The E l3  mask does not show any significant difference in running time com-
pared to the £13 mask with the filtering material removed. The various mask conditions
do not influence final heart rates.

4 . Tests are underway on the habitability in summer weather of the Conversion Kit , Medium
GP Tent . Protective Shelter , £21. The temperature, humidity, carbon dioxide content and
oxygen content of the air in the tent and the heart rate and oral temperature of the human
occupants are being measured on a series of represen tative summer days at Army Chemical
Center , Maryland. Indications are that the filter material allows for adequate exchange of
respiratory gases, but not for elimination of water vapor under conditions requiring evapora-
tive cooling of the body.

5 . The effect of several psychopharmacological agents upon escape behavior , motivation and
avoidance behavior. The objective is to assess the effect of various drugs on the efficiency
of the escape reactions of organisms to noxious stimulation. Volunteer subjects are required
to escape electric shock by maintaining a minimal proficiency of performance on the pursuit
rotor. A parallel experiment, using dogs as subjects, requires the organism to remove shock
by means of an operant response. The effects of drugs on the frequency of escape responses ,
the frequency of non-escape (“ wasted”) responses , and the duration of shock under gone by the
organism will be measured in both experiments. Another behavior category under investiga-
tion is motivation. Hungry cats are required totraverse an alley to obtain food reinforcement.
After the behavior reaches a stable level , the cat is drugged and the effect of the drug on
starting latency and running time is determined. The avoidance behavior of cats will be
studied , using conditioned negative reinforcer, a. cue, in a T-maze. The effect of drugs on
the frequency of correct responses will be determined.
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1
6, Among current investi gations a major project has the purpose of predicting the effects of
incapacitating agents upon the operation of comp lex military equipment, Toward thi s purpose
a series of laboratory tests are being selected, both from among existing standardized tests
and from measurement techniques now being developed at the Army Chemical Center.

A second approach involve, field test, during which standard and candidate chemical
agents are administered to persons actuall y using operationa l equipment or , in some instances ,
corresponding simulators . We are especiall y intereste d in the effects of these agents upon
command and decision functions and upon communications among persons engaged in the
operation of fire control systems.
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I. VITAE

Griffith , Paul E. , Supervisory General Eng ineer
BA Carleton College , 1929. Area of Special ization : Communications.

Huebner , Daniel L., Eng ineering Psychologist
MA The New School for Social Research , 1955. Area of Specialization : Perception.

II. CURRENT PROJECTS
1. In Service. The Human Factors Engineering Program within I J S A S R D L  cont inues the train-
ing, Product Review , consultation and contract surveillance activities , all of which have been
described in past conference reports.  The results  are becoming evident in new equipments
which appear to be well designed fr om the human factors stand point.
2. Contracts.

Contract No. Contractor Duration
DA-36-039 sc-52648 New York University 1 July 57 - 1 Nov 58

College of Engineering

Task assignment type contract for performance of human eng ineering and psychological
studies concerning the design of systems being developed for antiaircraft  defense. Task
assignments classified.

DA-36-039 .c-73253 Dunlap and Associates, Inc. 1 Aug 57 - 31 Jul 59

Studies under way on this task-assignment type contract are:
Human Engineering Review of Radar Set AN/ TPS-25(XE-l)

—Evaluation Procedures for Ground Surveillance Radar Systems
Standardization of Control Coding for Equipment Families
Study of the Design of Correction Tables for Flash Rang ing Set AN/ T V S- l ( XE - l )
Human Factors Engineering Design of Airborne Countermeasures Set A N/ A L T -l ..

(XE :)
Human Factors Engineering Study of Radar Remote Control System A N/ U P W - l
Study of the Spe. d and Accuracy Penalties of Multi-Scale Meters
Human Factors Eng ineering Evaluation of Air-Ground Data Links for Army Aircraf t

DA-36-039 sc-75054 American Institute for 1 May 58 - 30 Apr 59
Research

Human Engineering Design Recommendations for Miniaturized Equipment. Drastic minia-
turization of Signal Corp. equipment is creating problems in handling, identification,
maintenance and operation because of the obvious lack of concurrent reduction in the size
of the users. This study is to point out the limitations of size reduction imposed by the
c.perator’s and maintenance man ’s characteristics, and establish possible solutions of the
design problems encountered.

UI. COMPLETED PROJECTS
See Bibliography

W. BIBLIOGRAPHY
In Service: Signal Corps Technical Requirement SCL-1 787, 3 April 1958 “Human Factors
Engineering for Signal Corps Systems and Equipment”.

Contract: DA-36-039 sc-64647 , Dunlap and Associates , Inc.
Coakley, J. D., et al. Human Eng ineering Review of Radar Set AN/MPQ-4 . June 1956.
Coakley, J. D., et al. Human Engineering Review of Aerial Reconnais~ ance Camera KA-9.

Sep 1955.
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Coakley, J. D. , et al. Human Engineering Review of the Manual Telep hone Switchboard
S8-86/P and the Central Office. Telephone, Manual , AN/TTC-5 .  June 1956.

Coftkley, J. fl. Detection of Aircraft by Radars Subjected to Radio Interference.  May 1957.

Coakley, J. D., et al. Human Eng ineering Study of Operating Times for Collection and
Reduction of Meteorolog ical Data. April 1957.

Coakley, J. D., et al. Route Finding and Switching Problems in a Field Army Telephone
Communication System. August 1957.

* 
Conkley, J . D. , et al. Human Eng ineering Evaluation of a Semi-Automatic Manual Switch-

board. March 1957.

Coakley, J. D., et at. Human Engineering Review of the Radar Set AN/APN -100 Terrain
• Clearance Indicator. July 1957.

Coakley, J. D., et a!. Human Engineering Review of Requirements for the Radio Set
AN/GRC-53-(  ) Antenna and Mast. Sep 1957. Part I The Antenna Assembly. Part II The
Mast Assembly.
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