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FOREWORD

T.he experiments described In this report were comdcted at the request
ul the Space Task Group of the National Aeromautics avd Spine Admlinstration,
tu.der Project 722:, Task 71746, "Accelention in Fi~ght. " They were designed
to blq'iy a basis for comparison of a rigid ciomured spport and a Uglhtweight,
flexible net smpport.

The 'Nthors are tldbled to Wig Comawlder John I,.L Borinugi RAF,
and 1/LA. William E.ki n o the Alrarft Laborator, designers of the net seat,
for their entLbzs/lare and invaluable coUaboration in this dou*.
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Tidal volume, elee'rocardlogranphtc changes, tracking performance ability,
,niwl xubjective r*Vmg*~ were evakpated during art acceleratios profile. designed
to ancontpass aa mral pose" reervard-eing rn-atar patterns. A maxnimmacceleratto±, ot 16. 5 g and a total Ume a 170 secoame were empiloed. BubJects
!ced the ceiter of rntatcm with the truk and hod Inclined 12" in the direction
of the centrifuge axis. Th mwbje"* were squported wift a contoared net system.
Two ot seven subjects repeated the e3prlmes wearing the IIC-2 full pressure
stilt, both presmarired and .npreatrIsod

PUBLICATION REVIEW

ThiU report has been reviewed and is aPproved.

FOR THE COMAMANDER:

ANOME L KAB fINNS
Colomel UsA (MC)
Asst. Clad. Aero Medical Laboratory
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I IIIMhODUCTION

&The jf4SA-YWqgn for m ndspc ight has maae necesoary the eval-
uation diintn icealperformance capabilit durlnsv accelraions ex-

ii ~possiblcdtp* dmg-pnU ve~lof.-re-entry(W).Theopreaenttconceptto!
pethedfini4itiytIiwit bodye fo t otbt Severoalin g-tle proh tee nare

* 14

'I re-entry.

Itijs-apparentthe the basic0 design of the support -restraint system will be

m ajr af _w rphysilogical tolerance but man's. Lane-
been givenate the principle of ueteuport fotr spacce flgt osdrations ho b As
and y4OWYtrnialc In lrntistry (2). The Obvious advatages in weight
iMW comfort have alrenty been eistablished-(3). Thle principle to be &ncdrbedI IaIlois use,.d thtefull._pressure-dit, ottharinflateedoruninflated, witihout modifi-
cation of fth support ste.the punos Qof thiWs paper is to report the resultsof prelhwrr eweriinentS binch explre theproblein of hu-man response to
the acceletatlons pre!lcted during the XASA re-entry profiles using this system

I ~~Of suppurt, The aceclerato profile studied employe a duration and maximumn
gwII_-k was inexocess off thif seeral-estimvatedlre-entry patterns i'mbrinied by
NASA.

IbMSThODS

1 ~Theeperimets!Xp wcm dced in the free-swinging cab of the WADO human

Ieilae The subets faced the center of rotation- with their thorax 21 feet
fromthe 495.The support system used is shown In Figure 1 and

was developed in teCw&8IBaDsira Section of the Aircraft Laboratory.
This patclrtudsgtieto determine-the contour required for mxuam
bodty support dulf dcelaflin using a remache aylon nshuerarioewrati
tensica as the iupjort. 1kb The-adrest was made of variable density slow recov -
ery foam. A rigaid "cross bodyv" arm rest was employed. The seat'sib-ack angle
and overall coattfrm were adjustable. Preliminary stuidies have suggested tha-t
the posithsii6a in Figure 1 is one which offers gcood overall body s'noor' and
that this dogSe -of bod'y - lati Is one which apppears -4o strike an adequate

= I compromise betweena the cardiova-scular and resplraterjf limitations assuciated
witth higher aeeeleruttons- 1in this psmslion the bead and trunk are inclined in the

diretio ofthe acelek.ictm-vector by an anle of agi roximately V)., dependn
on the satint& cttplcev*of OIboody downard in the nylon net. For exarpie.
a 175-pow4744 cttM jancrnsstthis angle by " ait 1 g forward acce leration.
The angle obtaind-4 ditn Wceldration varie betwesen 11V 30' and 13* 30' in

=the sub ject~panl used lIn these expriens The twh and trunk form2 an

I WADC TN .59-1091
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included angle of HIP and thre angle at the ines l aippronmateiy 1000. Tine stwtLes
coudacated with Mhs seat are the basiis for design of a :lightweight tubu lar Utaaniu in
and dacron -Wesh system currentlty under constxuteticfn in the Aircraft Laborator-y.

The acceleration profile which was tested is shown In Figp4re 2 Basically.
the curve 5nvolaes two rates o! on..,et, viz.. thf, &iabizec is accelerated at a rate '
of10.1 gt/second to 8. 5 g, then to 16. 5 g ati 0. 392 g/"eeend. The tcay of acc eler -
atllai is a mirror image of the onset. The total tame tit acceleration is 170 seconds.
The euject-is above 8. 5 g for 50 seconds. 'M area under the curve represents
achsnp inveo4itvdo approximately 24,500) miler. per hour. This preflitc was 1
chosen because it enveopies the s-everal cakl2*l-Aed re-entry profiles subxnit,.-d hy

Velocity of atir flaw was measu-.red contirnacuslty wit~h a low reststrane wit:v,
mesh pnuo~hgahand aO. psi oa rirferentiai t~ra'nsduce,,r. TaI vukurUes wertg
determdined by pianimetr-y ~orn ihe respiratory curves recorded. Eiectrocardio-
graphic trslongs were recorded throughout each centrifugation using a nodificatioa
of Lead H

Daring experiments with the pressurized M*1-2 suit, absolute helmet pressure
and helment-suit differential premsre were also measured, using Statham strain
gage differentia transducers.

Estimates of performance were made through the nase o a duial pursuit tracksing
takwhich ha been previously standardizzed (4). The task consisted of an Instru-

ment Lomflng System indicator LufAanted "it cma directly binfront of the -ubjct's eyes.
It was connected to an oec' 1 'aove whaich gave flull-scale, 43iection of both aeedlees
every 2D seconds. The needles did not creass Ine center target area at the same timne.
qTP ULS jp~cjta wes iflnpiateA with a source of white light wh=ca gave 10 feetI
lamberts reflected himliance. The subjects were insatrntec to zttemma toaKf-p
both nmeedle on a. ciculsar targmet area 3. 5 nmn in diameter in the center of the
indicato with a control ntccated on the arm support. The two dimensional control

%-- ad-uý for arm. Isneths of the different subjects. It was asmall hatchmwdn
could be moved through fou scale (15 mm top to bottom and 1.2. mm side to side'sp

with only finger and wris movmements. Its sensitivityr was such thai one mill'.w-tetr
nmoement oCft thcontrol caused a 2.5 umm deflitctica of the indlicator needle-s.' Each
nadeed smevo 15 mm via either side of ths cottr o! thea imReaitnr durin# fuU-scalII deflection. Perf ormance was remotely recorded as percent time off target,.D fring,
the experiment, while acceleration was constantly changing, the entire display was
recorded uaey -Ciotion pic tor cameras. This allows &-aclysle of tracking perfor-
mance abiliy as an instantaneoas fa-tien a! acceleraxlibi. Fuarthsrmore, the filmU
reord includes a- meawure of the distance off target of -each needle i&u wrat thle degreeI
cd error as we-ll as absolute error can be aasessed.

WADCTNS50-2093j
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jtn a"Udi;io-o this task, the subjects were :rouired to repeatedly respond tý3 a
ceater Light (TI cm eye to light 'ittaon, luMinace in e '-eis of 10, 000 fot

II lamuberts, white li W) i squeezirg a hig-;gpr-ip awiftel to eftlngulzh It withiin
3necodsaftver the ligt us. turned on- by t!., central cserver. T.ie subLectt

wer tal to give the center Uight priority oeer the t!racking task and It was ass-owed
hat tbey were at blacrk-t when they failed ! o answer the light.

Another sWitch l*czated above the triggur was connected to the power bupply
of the cedetrfee _atd azloed the stbjetb to termirnoe the experiment at any time

, &rt'n the accelea .on tha blackt, severe dyeonea, chest pain, or any other
smpasc-laW a w ithloas of a crtlcz facultyappeared.

The subjects p-.4attced tracking at one g until V'eir performance reached an
I - apparent plateau. 'hey were then given several pratice sessions at low and

1v;%-=-ftte U AI~rstions prior to the actual exp rln'ents.

-. .' •'V•'-7,m~tB involved seven yotM adult male subjects. Six were epe-
flenc•ab,, tt• t riders, the oaer was given two lndoctrinatik sesoPxs at

ace-Lea~fP pi-r t beinnng haexpeximentls!. 'TPhe acceleration prifile shown
in PNure 2 wa ls o studied with two of the sevem subjects wearing MC-2 fulU
pressure suits. Dotb subjects were centrifged, first with the auit ventilated
biut na if~at4and w r day, -with the suit prossuriwed at 3 pmd- The anti-g
bladders were at activated in either of the tests.

SllRESULTS

With an overal trunk ad hed an& of 170" In the direton of tW acelera-

ver orProte•ive aequitpmen wer• used. BE q the g Ar Force anti-e
suit (CSU-3/P) Iflated to 5 psi, loss of vdcn was prevented ;At both subjects
12 g. When t-e back ane was changed to 1•0, oly one of four subjects exper-
aned bL t at 16.5 g wlthouta• -g mt.,t. Dyqpca sp--pared only at higher

levels ot acosratlert -in thu position. All -'ubjects maintalred some degree of
7rentilation throogn4 the acceLeration proll .

&muits fr•m ee envelp the NAA re-entry acceleration curves
arm sIHM in 'TAUlS I &ad It. Five of seven saibjecto were able to withstarcdfte
enttre profleabsown in Fhigur 2 . Two subjects-s zeienced severe wibtenia
pate associated with izwpirrory dyriaea andee ocd otrmit the a~per'
mertat 3t.6anI 16,OgrepctveIly. The pain w-asan Inteme ach over the

Lower third of the sterh -adiated hilaterially along the costal ma•gin and
Wt the eztgastarum. It persioe for 4 to 0 hours after the ezperiment. One of

these st*ej•sts e• •einced a Mhp chest pain which raaased to the top Wl the
so)M);R -ne hour after the experiment. Slvindard U.c~crdorm tzs hours
c0tr the ,xper~ment fa•led W rweal a deviation. from the normal In a of the
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I ~ ~ TM :r VOwI ss Mit'm fRI--iATOY RATES OF' I
SUBJ-CTSEXPOSD TO 13.50 AC:CELERATIONt PROFIL

VA aIi Sol~. awi. Suh. xi. &Fb.
I ta 1b 2 2a 213' 3 4 5 6-1

CONTROL 500 500 94 M5 425 7860 675 400 4250 6"
8g250 200 350 175 1i 0 575 36n 275 400

IO. g 100 50 90 200 175 0 M3 00 iw 0 IGO**i
jog ZOO 2-00 240 W0O 425 - 425 375 371
1XILW RUN475 050 630 750 M0 - 700 85r,525 ssBOJ

[ R~ESPIRATORY RATE MN CYCLES/VMI. . .&

la 1 2 2a 2b 3 4 5 6

tOONTRLI26 25 20 20 19 18 17 23 24 15'
a0 g8o 0 311 44 38 48 18 41 36 30

'18.i 99 78 45 64 48 0 27 40 57 60
Sg 4 8-9 38 42 30 - 38 43 39 60'

[POSTFRUN*24 30 3D 30 0 22 s 0

"a' with MC-2 faul pressur sui unlnllats
"b" with tiC-2 full present. suit pressurized

*aborted ridezatlSk 1.5g

ZS REDPIRATOUkIRY RATES OF BUWECSM W172tOIF

PRWM SUMSUCCtSULLY COMPLETUM ACCEPLEFLtUON
PROFIE EXPIRESRD AS PERCENT OF CONTROL VALUES

1-LVU MMAOW AEu

Jagnf to cw
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P vzetws awrcAcieAd Ic tbnio of 12 eeriinents. The BubOC Is we-re !nua'-Le
to atettotrackt'rtzrk at 18. 5 iwit a:uad sitU iwof the center ligh cbirhrg tte peak 17
the ameleraticn puftie. One subpct repu.ted the ezperimeut and wai, Able to p-e-

4nezt, te ;bab ts vparevtly were able to perform the tracking ts.Sk tirugou-.tt

VC01 two stbjcctv have been tdruagh tWs p'.wWl in thue- iiill prespuze siat.
Sit sulo3eets were Nft-to enti-re hIm etinii exiwrime-A and uispectvely felt that

!h i~natd ~tdk mt mpm'tsgerarre. One swriect feW. that fth suited r-un
wasmor tlerblef -u leprevius wn-stAted etpesure4. Trackng zb&&ity duiMk

both the preesurzch~ auil umwressuiznad smit e! ON*tweuts appeared tv be as goo4
or beftter than inu the trtM-slertas .sier~eflfnts

Wuit the M s-2 ew: rra4-sum-t'vd at 3 pdi tr iesi attdned a wetk acceiien-
tioneitS-S z. Oma emtjsct vlmrv t! te4 Ienrpeuimeet. at this Ix1rnt, bemc.ir

CteV~fl t~t~~%t t& n~ut t~utbsrr to dAcrease markodlyat2ganr~-
piration bad -aase4 xmnkriy Typ e otlmr is~abjW.afct w e~as y com~pleted

Mrz 7mQr !eCampctr ors ftb a&n vk mo :-pai

Etw~~v.- S IXAn&4?t-~sV tor i~e-mia4y who wet-e mt a!xprer-~

the ~ &i texR ~e p .a s the iujctm w iee a Z~ iuz fl he oadt ucelthes tIn
a~~ ~ ~~ Wmbzoie.4ietasersd ev wc4ertpe of Amoreaas tIs I cp;i F,,Igurd te41

= ~~~~~a ggIb -ueLd "it b thre o e tI ~ r ahla s exneieu mi .je iigte im c~

ftetang nnLe4

wuit SAn tinaiy 1*C-2 F sift Imat a -er-

-rt. nscst, acigaityc t sbjoct im itly before and
alter 1 Me shiz? ti~. forekf w y nof rob us c~rca In tetmeeurdt
exigusft. ca ter ligiah a w re!ý ~" ' malosis a!

visio or black-out at tMe Mg.=r acr-qlerattos cocered

I VI~UfWON

Tbe nme-aw-ut-s rzp~iýi in it=e jper reprnent a speccsa czofl tin srs
Wdorwd&ia nou human reactions to a specifc series of accelsralions u--aag the

WAOC TAO5-1-097
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- I net support sysatem. Because of the vArgency d1 the request for tt&, aniormation,
it htas been necessary to ma-rfluie sennzdlImportant physiological measurements

Iwhich hdibeeu planned for theov lstutdy. Oain- cthe notsystean ofsupport ir'4
ret~gis being cousiderod for ssvier@lwec systemas, this h&oratowy .,- planning

an.emlaft seiesof othbadec and aprslie4 studies to objectively selecet cmiu~m
boczy positiona 'with respect to both phymiologleal teex sac. and performance abi-Lity.
It Is probrable that a consilderable portico of this intrwanati will be available In
space capsule.

It is not possIle t.o entirely explela the increase In tolerance which the net
system Provides In comiparison to the rigid system previously used in this labors-I
tory (5). The subjeo panel Includes members who p~articipated i= both studies.

LThe earlier rigid system was not cotoured tobody shape. The net Rupport wan
contoured to the dorsal surface of tOw body to some degree and became even inore

clos weeer-llon It ayhe that the net support reduces distortion
Of the chest- wsf under acceleration. At vay rate iat reduicee respli story effortand chest patit. donauute#y is more cowmfrasle and prevents the formation wr
ma! petechiae in dependent arrets.

The versa'ility td the net sapport sy~sem is ilustrtald by the fac thatsbjects
rangngfrm 145 pouad*ft to 175 pmnft were comfortably supported throughout thle

acceerzlo4.The degree of body dltspi~uaceAen Is related to thle stretch td the
reach.! nylona ne. so tha heavier subjects have a sligtly troater back-angle than

The two tests using flying coveralls which were termainateed involved short,j l~1ghtweight atfljecta who appareuntly displacedA tile Wt euppot loan of any of the
pneL. A limited scater of experimmmnts have beent comp~aring dacron and

Mz& epossible to pre-ponttlo tile absect at Owl desired body angle withou
n*-W em-gs &fagtheacclert~m Prellmwnary rem*-t- t~cate that thle par-

MOW acra as Um UndrwetO &!r- as much Stretching as the nylan net.

I: ~swtues ar emcwsary to define its usefulness ws compa.-sttto kylon Lid otheAr materials.
The Imu of visaon Im seate forward aacooJeratioo appears, to have a maore coma-

plex eiology tham the usumal black Aý In seated Moatuar4 acceleratvion. Destveysoraefost 1Tepbd getros0 vinocurdeaA fth
=compoet reachud bacut Sg, a peis considAerAly below, tile tbreshold ;,w se0tedpositive acceleratiio. liuwove, fth eyt is at-ott 1i c-0 ' frut a: the bveart in thisPosition so that i-s proabLe that a portion 01 the hydet cow=i sets Iin prevent-ins adoquate isthmI perfrtoa. The- stt-g &At ant- srJamhlg fltSnOVT axmer toaid in prevention of loss of visio in forae v % awnc lest tit thig

blacct as in pos5mve L' is ovose4 by compressionci a lohswer ar at the body.
if the occtupant of the-- space vehileU is requLred to perform. Saa- citical tnak% 11'
seppears worthwhile to supply him with functional aatiwg hlad&-m- which funtlIngdrn

2Peak accelseration above 13 g.

WADCTINT59-I09 i



The pertcrmam-o measu-rements; in thi study esentialy, confirm and exteind
thoe (t 101tnftm (6w, wh-t xlordmants Wllyto promsimilar

tasks darinig tharee--stage forwa4 .i Al tcti chvracterlsdic of the 4aunch phase.
It appcars dotftt at will bc e-hicay able to rak more than whose

UhanzA s5Uitt o(a the tracking cont-rZA at pea-k g wae unable to reach tMe lnstniment
av~in unid ;fthRe aeleration was reduced to about 10 g.

ONPerformanrce dbliyufring aceceler-ation as indictated by the din, paseuit track-'N
The nneras rasiofnctice tlgda Igidn not S eaemptormake pfrlc fexl~tr--

0 anreofnmost ofhhe sublec__ts with tte task during: .cceieraation. We do no yet thave

icant Picture of perlormanco ability 6'igthe accelleration profie. 12 is appare'zt
f rý igure 3, htwever, . t oa itcast so-me people can bee espectal to exert rather

*cr I cal Control over ip-mb -. iask during accelerations of up W-, 12 S. Actt;Ady, the
LWOV subjects who-4snae is8 are shown in Figure 3 coutitýIrnd to do wo-1i an ttdes taeh-

os .. s of riP'% rm h pf4J~itvO g vector occurced.

T t%ýet an. Indication., bitacd on the eapriieree %A ¶40i su'joe:te &during 12 g
sitnzlcxi may extend peziormaii, ability by ra&,z the threshold for loss of vision.

T.ere i no apparet evidewlaof-impalred ;:4flurmance Immediately after the s.-

matter, afterttsst since the foinse vector arts intho sa-me direction (exceptfo
the possible influene of zao,- g tante).

B~vefy- :ubject decrcased tidal voitan and iucreased rewliratoy- irtquency
jzrognssively J2 a manner dirictl related to the mstgustude of ac-celeratica. it

peak accletion veatilai-lon becamne inadequate ifl alost every subiet That #0.
tidal vv-aie wias awroximatoiy equal to or less than the exetdanalteac cleat
srne (10M -- '176 cc) near peak acceleration, and it is tharefore b'.lntbie that
any new- air reaotetd the alveoli dunng this period- However, e~h duration of i~~
equate venttexion, was usually relatively brfr!. i -- 18 se-'~ in tais acceier-atiai
proftle, and it is not esipcted that sericas, levels of artarial orjger depletio lAstdI

ao R signiflicant duration of time. in miore przolenv;,a4 accel-erations above 10 g of
ftirward acceleration, vericptr arterital destrUon with resultant cerebral tT7axxt
would be expected to Impair totsrance and partorniance.

Duri~ng rciurn f. o, paak aceledration and in some ca~.continul after, :
comnpletian of! th* e acceraflon raifile, an lmpresaiv- lincrease in veatilation
ocr.ýrred Which would sugpcat that inadequate ozggenation did eiat netr r~

~~Ms~ n -dbe:oed too, that 'ac ratio of tetai mibute vos:týizat.ie totdal voiharm
incrvea*'K- prcoorntinalI? to Oth acceler-a:1Ve fore.e~ ef* breathing bsef,-al'

WsýIDC 1N 59-1"W
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SJ |progressively less efficient, so thi the demand for oxygen increased progrPssive ,yA because of the increasingly ine-Aiflient work of respiration_ itw. If.

IAlmost identical resuts prevailed in the same subjects with and without theI MC-2 full pressure s,'its. Pressurization of this suit du(ing acceleration did notaf ater the general res-,pratory irattern.
I]

Dyspnea amnd chest pain were pr, -: :9 those subj-cts unable to tolerate the
profile of acceleration, and were cited as the reac.ons fOr aborting Lhe atteinpt,although their respiratory fn.quency and tidal volumes were within te range
those seen i- Zhe subjects who did tolerate the accelerutton profile.

] 1 lYDirect measrement ox artei ia- saturation and its chanrges due to acn.eleration,
accelerative changes in pulmonary blomx! flow and distributioin.and similar studies

L i • are urgently needed. WhiU complete tudies wWl• require more elaborate instru-mentation than is currently available, some studies of arterial autura,•i• dring

Pcceleration are currenmi in progess.

ii This report covers a series U exVeriments which eva•uate variatons in
respiratory rate and flow, electrocardigraphic changes, tracking performance
abflity, and subjective response during an acceleration profile which comp•-sely
envelopea the several predicted re-entry profiles of the NASA manne sprace.
capsule. On the basis of these tests, it is possb*le to say that _My of to re-entryaceeleration curbves aubmitted by NIAMSA sh.A !11ifthin 'e towraran-e limits
using the net support system descrlbed with a forward ilnct•uaion !a the trunk and

w head of 12*.

Preliminary impressions indicate that subjects were able to perform critical
tracking maneuvers thr-ogh~ut all except the peak accelerations 0! the 16.5 g
curve. There appeared to be no decrement in tolerance in two sobjects wearinr-
the uninlated MC-2 fill pressure suit. With the suit pressurized to 3 pal, both
subjects reached 16.5 g. One aborted the experiment at this point; th* other

I •completed the profile.

The electrocardiograms recorded during acceleration show only mild tachy-1 cardias with occasional edra systoles. Resirzatory rate increases with accel-
eration, tidal volume decreases. It appeared that all subjects were able to main-tain air flow during all stages of acceleratton, however, ventlation nar peak
acceleration did i.ot seem adequate to maintain oxygogero-tin••n.
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