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Resecrch Assistants: . Thi is team reszarch and a steff of about 20 civil service ersonnz]
} o P 2

to hire the remainder cre in progress. Included amongst these parsonnz! cre:

1. Mr. William Muz"y - Chief, Engm=ermg Dx ision. Mr. Muzz;y has served as the

engineer in charge of thz Daisy accelerator at the 6570:h U.S.A.F. Aeromedical Reszcrch

Laboratory, Holloman, AFB, New Mexico for 2,500 human and leree prima te exposures o
4 I'd ) ~

impact ccceleration..

2. Mr. Gilbert Willems - Chief, Instrumentation-Diwvision. Mr. “"Hcr*. isan M.S.C.E.

from Vanderbilt and is on e ovrf in inettiol instrumentation; hyorid systems anglysis; and

numearicat ¢ c:l) 5.

3. Mr. Scoit N-.orri"ii - Ch»v., Pny.,xo’ ogicai Instrumentation. Mr. Morrill has done

pnysiologicel instrumeniation 'For_JS years of the type contemplated by this study.
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Navy plans for FY 73 include an increese to $1,000,60C. Funding from the

Office of Noval Research is $250,C00 for FY 72 and roughly the same in FY 73.

Informztion on the Orgonization: Muoval Aercszace Medical Research Laboratory Detachment
; b ’

Naval Aerospace Medical Institsite, Naval Asrospace Medical Center, Pensacola, Florida 32512.

The vrork will actuslly be perfe - :d ot the Na: ,al Aerospace Medical Reszarch Laboratory
Datachmen:, Michoud S floa,  ox 29407; New Orleans, Louisiana 70129. Person to contact

- on cenifroctual matters: Principal I'r/emga«o'.
: ) . . o .
It . S o 'CAPT Channing L. Ewing MC USN

EA N

Tyoe of Project: Advoncpo D°ve.oo mant
¢

Description of Proposed Research: The tethnical chjective is the prec?se description of the

human dynamic response fo IHPOC: ccce.erc-mn in terms of lmcur and angular accelerations,

.

velocities and displacements. The description will be dcpendonf on the static properties of size,

- shape and mass distribution of voluntéer subjects. 1t will also account for pesk acceleration,

-~ duration of cccelerction, rate of change of accelzration, direction of ccceleration, and other

significant independent varicbles as applied to the human subject. The dynumic infarrelaiion

of essential body componenis during the 'expzrimzntal dynamic -event will be described. With

'7":'| . J . T oo o . P . e . . L .
.z -tais description , corcelation of the physiologics! effects to impaci cceeleraiion will be

o
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enielly determire d. Fur.‘hgr correlaticn of 'wy,xo!o cal effects end structural failure
.*.uc:u'cl failure of post mortem specimens will be implemeanted s the

ssentsil human descriptive information becomas ovailable. curmg Fiscal Year 1973 .
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Tivot the physiological effects and structural failures (i.e. injury) are related

2.

3.

to ¢
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-

<, dynamic response. -, _ .

3. That the human dynamit response is ussble as the most ef fech"e predicter of injurious

- effects end sire. el foilure, .

! t . . L3 - a .
- 30ai of tnis research is to develop cn evaluation methed and desiga criteria

of liv

protective systems. The dynomic response iving man will be mecsu‘ad :

the limit of \olun}crw human tolerance; it will be extropolated beyond that point by

2o experiments on living human analogs which have bzen mstered to the human response by identical
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runs balow

[
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ne limit of voluntary human toleranze; and the portions of

'envelone which iniurious d letihal will be derermined b oeri P h
nvelope which are injurious and lethal will be defermined by experiments on human cnalogs

The i pu. envelopa wi.l.l' bz in re ior incremeants of the ‘o fowmg voriables, fo the limits :
rnored:
1. Peak accelerction - 'ZOQ.G“ S . -
2. Rate of onse 4000 G/s:c
3 Du ation at Peak - 4 incremants )
4. Subieé.‘ size - 3rd, ‘S.O:i“-'n, 93ih percentile sitiing height - .

5. Vector directions - - af legst 20 di?.‘eren.‘

collected will be in ADP compa .o]e format and ADP le be used where

Us ‘V‘vl.u K

Previo as an exploratory devzic

. b pae et el - . T A J PP = - oy M i T
ssing Novy project director ond resezrch personnel; Navy computer; Navy Experimenicl Dasign;
t N - . -
wwmy research pessoanct and voluateer subjects; Army 8.2 funding; and considerable Army

suzport unser ihe Joial Army- x\ov*/ search Panel.
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L), T Rucker, Ala, Fherico) ond mentc] f‘\.c.lu"‘lof) was
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Experimantal exposures to impact ceeelerciion weere conducted at Wayne Siate Universify,

Detroit, Michigon. 235 runs ware cempleted in 1969 \»nnoﬁ injury cnd with very few run

"failures" due to poor instrumantation, or phefogrephy, or both, ADP programs for dats

reduction have resulted. These data are the finest ever chtained in impact cccelers

reszarch on living subjects. anima! or hurr’* “Veluzs of 70 sepcrafe veriables o o ¢

commuvusly through time sampled every ]/2 millisecond, prec1se to a previou.ly unknown

degree are cvaileble cn about 203 runs.

T el
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i 1. Alorge modern ounlumg in News Orleans with gosa security, air conditioned, hea
lighted has bee obi’om°d from NASA witn use of enough lond for an extended track. This .
building kes94,000 squere fe fof ficor space, of viiich about 40,000 AMRL offs d
laboratory space. |

2. An urgent minor militery constiuction project covering consiruction of the enclosad

environmentally ccnfro”ed frack fourﬂ‘mon end instellation of 700 fe

—
w

a2t of track ecr completion.

3. A 225,000 pound ¢ thrust ccce!exc.o. wiin sted, conirol console and freck cre being

S instalied.

4, A Srotc —-oi-tne-Art Doig Acguisition Sysiem, designad to ccguire ol inariici data from

humana end piimete subjects and- digitize it in rec! time is being installed,
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instaliation, ond recirengament of lcborotory spaies fo naw uz2 is coout 57G0,030. Estimated

[ .
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4. Dcto from 1989 tuns have been digiti c', sccled end cre undergaing cnalysis, Both
the Department of Trensportation ond the Society of Automotive Enginsers hove requested these

dota. An exicnsive report is therafore in preperation. Over 100 varichles are availchble for each

fun and 185 runs cre dvailoble for complaie anclysis, to date.
7: Unlimited occess to one of the lergast digiial compuiers in the viorid is availshle to

the NAMRL research team for use in analyzing the data ropidly on  ficiently. Computer

. costs cfe economical due to availcbility of this lorgs modern N/ £ _ility.

8. Dr;Ho Regio;wcl Primate Réseqrt’n Cen'rer has ]oineé 'y a ]oi‘n%»resecrch program with '

" I\AI\..\L 1o allow NAMR L_to vse‘v,lcrg'e primates with cll the wealth of résources aveilable to
Delta., . : . . ' .

9. A vertical cccelerafot with 40,000 nounds of thrust and facilities for x—rcy cinemciro-

| graphy with imoge intensification ore available. Funding for insicliation ond use of this
Ll | fociiity over the next sévg_"rol years hee been mede available by the Office of Naval Reszar chs
The Dcto Acqu?siiion S\/stcn'; ro?ed cbove will be used in conjunciion with the vertical
cceelerator also. ) e o .

10. A staff of 18 expefienced technical psrsonnel has been formed into on integreted team
t arf h h Se ‘o £iheso ar + civil servi
o perform this resecrc eventeen of these cre permanent civil service.

Methods: The exoarmemo\ d%-qn involves the.szlzction of human voluntser subjects

R encompessing the size and shape _of .‘hs'U. S'. mili‘rér'y sodulation, who cre then exposed
to a series of acceleration prorsl*s: iha ccceleraiion profiles cre selectad on the basis of

peak accelerotion, durgiion at pec'r\, rote of onset and direciion fo encompass the dynamic respo'nse
of the subjacis within so‘e Yo!ulm iy felerance limits, Ecch individuel is subjectad to the runs

.Ln
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SN o Incivicdes run profiles is the

. ’ Lad
Y ose tfc.‘) of the human subjecls

R 4:"':

During ihe exoerimental exposure, dyroumic response is measured by inert

mounied on the subjoct's huod mcuth, base of rxec.’-; ord base of spine and .)y ima-]ocked

othogona!ly=mounted motion pic{*ura photogrenhy. The DHys:o!ogn al stotus of the subject

is monitored immediately prior fo and afrer the exposure by recerding efeciro.‘ccr'diowcm,

e!ecfroancepna}ogrcm end respiration. Other selertad physiological Varichles w:ll be

recorded as required.

.

The recorded data for each run will be subjectad 1o exhaustive digital computer analysis,

$2 ©s @ function of the independ

After representation of the dynamic respon dent variahles of

Suiber  the experimant, it will b2 possible 1o correlats iha Fhysiological response lo the mschonical
response on on individucl end on o statistical basis,

L3 .
Although the methods describad were considared rew ot the inception of the progrem in

FY 1967, the results of the experiments to dote have established these techniques a;

standard fo the progrom.

“<" Various support programs will b continued to data-

. . . - .« . ) L.
.- disiribution of an individual sub; iect, (2} most pariinent

anthropometric data forezch subject

and (3) long ronge clinicel effects of the ccceleration eXposures fo each subject afiar the

subject is no longer actively engeged in experimental runs.,




- v wizee namaucer Founts for tha 3-D

L svet 1, parformance of 10\'/‘(3’ ~ ].O_G)‘ runs on :_ne Asw shiasts modecmlo L e
-, 8v8ls o higher peck acceleration; l)iqher refes of onset of acczleration; determinction
of the cffect of voriation in durction at péc?»:,' §e':>ugg?ng of new datu cequisition and

M e ‘ ‘ - Id . . - ‘.
processing eguipment and selection of an opiimal method for mathematical modeling of resulis.

I

Military Significance: The problem oddressed by this development progrem is that of

. o ¢ vl : . N . - .
proteciion of military gsrsonnel fre - .12 effecis of impact acceleration, whether due to

hehccp.er crashes, fixed wing e... s .0r ejection. Helicopters are the nly iype cf curcra ftr

»

.. Le 1.t . N , V P T
from which there is no emerg. acy escape. Yarious ideas for development of an emeargency

helicopicr escepe system have been proposed, but the succass of any candidate design must be

n:the human/dynamicresponsa = » vt - % v

1 . . .‘ T . -
envelope ond that portion of it which is injurious. Yet these ara the dala required to design

e , 1o oln 1y a & 3+ o
and vatidate a dummy which can be use o' to evaluate the helicopter escepe sysie m, or ofher oycupam

- proi

¥

. a y1 - 1 . ’ . - ' . -
active system which con be used to reduce airerew mortality in the obsence of an escape

P

system. Recent prouur ment by thz Army of fire~avoidance equipmant for helicopters has
te successiul ,  and the problem of crew protzciion now devolves upon protection

" during crashes.

. . .- . e s . . [ . ’ . . . . .
‘The basic essumption vpon which this work is being performed is that since a crosh is @ rendom,

.z,non-repaatable event, reproduction of irregular crash acceleration inputs 1o humen and human

analog subjects will not give reproducible resulis. Reproducible resulis can be achieved howevar

—

- . . V . .
by subjecting the human and human an clog to small increments of input variebles which are

arefully controlled. The assumption is thet ¢ human anelog (such s ¢ dummy) which repr odu



’ N . . . .
ubject size and vector direction) wi ~isd repe

34

.;“,,J r{-$p T5€ Of man 1o yne co mplex accelerolioss normally experienced in vehiculer crashes,

£ the dynamic response envelope which are injurious can be used to establish

injury threshoid limits, the design criteria for protection of man From Impaci accalerction
. ! ‘ ..
will be definitively established.

LIS I - - . - . - -
inis program will make ¢ war cheaper to fight from the point of view

a =r replacement costs, and from the point of view of mainienance of

2

comdat oper. jonal sapadility, by preventing fotalities from crashas

. * Facilitias: .
A"c-z-'arc.o Tne lcrg“'s. mos. co —nro.l ble an ;’ 7e,‘ mos st He b]e.occe[smicr available .

for hum:n subicci‘ use in the free world is under. consiruction for this project. Com mpletion of

e all pha>es is expscted in July 'I°72 The track wiH ba 700 feet long, and peak cceelergtion

14
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obtainable af the accelaration end will be 200G

Primate Focilities: Delta Regional Primate Center about 35 m iles

1‘ \/

Pead

- from the experimental site is one of the fwo primate centers in the U. S. which could suppor:

- this project facilities and is under coniract to do so.

Computer Facilities: One of the largest digiicl computers in the world is cveiloble only
- 18 miles away from the experimental si: Invesiigators have clmost unlimired gecass o very
.ncvorob! rates.

Proposed Rudget:
—Y

1

1. Salary costs: All salary costs for investicstors vill ba borna oy the U. S. Navy. The
2TETY COss ' ,

IAdd

cmount in FY 1973 will ba approximately $4C3,030.

.
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If, then



3. Centumable Susolics: All costs wi

o2 Borne by the U. S. Nawvy.,
- i
o Temenls S5 O ranaiat e 2|, -
Publication Costs: Al costs wiil b2 boraz by the U. S, Navy.
6. Ciner Direct Costs: None
. _— 3.
7. lIndirect Cosis: None . '
8. No Fes - T
7. Totol amount requested from USAMIDC: $5,000

o NOTE:

The most important coniribution requasied is ihat of 21 Army volunteers for duty s

'

: 7 . .
sudjects in ccceleration/deceleration experimants, to be selecied os in Previous yzars on this

s project. These volunteers will bz assigned with siztion ot the Naval Aerospace Medicql

T

o , ) ) .. . .
. Research Leboratory Detachment in New Orleans., Sui ieble governmant gucriers are no! aveilghle

’
and all personnel will be drawing commuted rations;. SAQ; end hazardous duty Pay for expsarimental

-

- stress.




