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FOREWORD

The experiments described in this report were conducted at the request
ul the Space Task Group of the National Aeronuutics and Space Administration,
u~der Project 7223, Task 71748, "Accelerstion in Flight.” They were designed
to »'1ppiy a basis for comparison of a rigid contoured support and a lightweight,
flexilile net support. :

The Mthors are indebted to Wing Commander Jobn I.R. Bowring; RAF,

and 1/Lt. William Elkins of the Aircraft , designers of the net seat,
for their entiusias’ic and invaluable coliaboration in this study.
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. Tidul volume, elecirocardiographic changes, tracking performance abilit
Ani subjective response were evaluated during an nccohntr:n profile detlznez'
t0 uncompess several possible rearward-facing re-entry patterns. A maximum
;accegctatlw. of 16.5 ¢ and a total time of 170 seconds were employed. Subjects
iuced the conter of rotation with the trunk and head inclined 12° in the direction
of the centrifuge axis. The subjecis were supported with a coutoured net system.
Two of seven subjects repeated the experiments wearing the MC-2 full pressure
suit, both pressurized and unpressurised.

PUBLICATION REVIEW
This report has been reviewed and is approved.

R THE COMMANDER: ﬁlép B: > | /

ARDRES 1. KARSTENS
Colomel, USAF (MC)
Asst. Cidef. Asro Medical Laboratory
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INTRODUCTION

_The ;L&% grsgrsm for manned spacs flight has made necesgary the eval-

se and porfermance c&gahﬁitf: during accelerations ex-
i it body from orbit. Several g-time prol.les ave
velSeity of re-entry {1). The present concept of
iigrinvoives - method of rotating the seated {orward-
il tﬁeerbitai ;;hase so'that he experiences the result-

re-entry
It-is dpparent’ %éa; the basic deaign of the suppori-restraint system will ce
a maiénifaétéf inde ng.not-only physiclogical tolerance but mar's func-

tional ability during e acceleration phases of space flight. Consideration has
been givenio the principis of uet support for these accelerations bolh by WADC
and by severatorganizations in industry (2). The obvicus advantages in weight
sl comiort have alrepdy been eptablished (3). The principle to be Soreribed
allows usg.of the full presgurs aﬁt, efther inflatedor uninflated, without modifi-
cation of the support system. Ths ] purpose of this paper ig to report the results
of preliminary espertments which explore the preblom of human response to
the accelerations predicted daring the NASA re-entry profiles using this system
of suppurt. The acccleration prdile siudied employed a duration and maximum

g whizh was in exeess & the' &ever& estimated re~entry patterns submitted by
NASA.

BéETEGBﬁ

The experimenis wery conducied in the iree-awinging cab of the WAES human
cenirifuge. The bobfects faced the conter of rotation with their thorax 21 feet
from the centrifuge.asis. The supptrt system used is shown in Figure 1 and
was developed in 158 Crew Sation Design Section of the Alrcrait Lahoratory.

This particular-geat-was designed to determine the gg@;&r requzreﬁ for mgrz,um
body support during accsloration using & reschs! nyita mesh urdsr modsrals
tensioa as the support.~The'headrest was made of variable density slow recov-
ery foam. A sigid "gross body" arm rest was employed. The seat’s back angle
and overall conttatr were %sﬁahie. Preliminary studies have suggested that
the position shdwn in Figare I is one which offzrs good overall bady svpoor* and
that this degrée of baiy angelation is one which appears (o strike anadeqnate
comproniize betwWesn the cardiovascular and respiratory lmitations assueiated
with higher ﬁeaeiefazi@s JIn this pogition the head =nd trunk are inciigesi in :.i::e
direction of the scgele

on the ammgﬁés@m of the trody- downward in the nylon nei. For examyie.
2 i?&m&?ﬁm&miﬁcmm angle by 5° ot 12 g forward acceleration.
'!'he angle obitained diring accelération vavied betwesn 11° 30° and 13° 30" in

the subject panel used in thess experiments, The thighs and trunk form an

WADC TN 59-109 1
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included angle of 100° and the augle a the Knees is approximatery 100°, The shudies
conducted with this seat are the basis for desige of 3 lightweight tubular ttanium
and dadron mesk systen currently ander construction in the Alreraft Laborawory.

?i‘&@;t‘:i&raﬁﬁn profile which was tegied {2 shown in Figure 2 Basically,
the curve iavolver two rates of on.el, viz,, the mbsgr is ageelerated at a rate
of 0.14 z/sccond to 8.5 ¢, then t0 16,5 g at 0. 32 g/aecond. The docay of acceler-
ation is a mirror imege of the onset. The total time of rcceleration is 170 seconds.
The gubject is sbove 6.5 g for 50 seconds. The ares under the curve represents
a change in velteity of approximetely 24, 500 milox per hour. This profile was
aézsseg because i envelopes the peveral ca}eaia:ea’ re-gntry profilse submibed hy

Velocity o air flow was measurcd contirvcusly with & low resismiance wive
mesh paeumotachygraph and o 4, § pal differentinl frensducer. Thual volumes werz
determined by plonimetry fvom the respiratery curves recorded. Elecirocardio-
graphic trueings were recorded throughout each centrifugation using 2 modification
ofleadd

During oxperiments with the pressurized ¥M0-2 suit, absolute helmet pressure
and helment-suit differential pressurs were aiso measured using Siatham strain
gage differential transducers.

Estimates of performance were made through theuseof 3 dual persuit tracking
task which had been provicusly siendardized {é} The task consisted of an fﬁﬁiﬂr
ment Landing Sysiem indicaslur wounted T7 cin drectly in front of the subject’s eyes.
It was connscted 0 &n ouclliator whiok gave ftas;-s,e&a Sofiection of both asedles
gvery 20 esconda. Ths needles 4ig not ¢roas tag center faryet area at the same time,
The 118 indicator was illumizsted with g soaree of white lisht whien gave 10 oot
lamberis refiscted luminance, The subjects were instructed o **tempt 10 keep
Lath neediss on 2 cipmular target erea 3.5 mm ip dismster in the center of the
isdicator with 2 contrgl woonted on the arm support. The two dimensional control
was adiusishls for arm lengthe of the different subiects. I was a small kntb whicn
could be moved thraugh fuil scale (15 mm top to botlom and 1Z mm aide to gide)
with only finger and wrist moverments. It sensitivity was such thad one milliswster
movement of the control causad a 2.5 mm deflection of the indicalor needles. Rach
asedle moved 15 mm on either gide of the sontor of the indientor durinz full-scals
deilection, Performance was remaiely recorded as percent Hime off target. Dering
the experiment, while acceleration was constantly changing, the entire display was
recordad using moting picture cameras. This allows sralysis of tracking perfor-
mance shillty as an instontancons fuaction of accelerativn, Furthsrmors, the film
rocord fnciudes & measere of the dlsiznee off target of each needle vo that the degree
of arror =5 wall as abeoinie ervor oan be azseased.

WADC TN 50-109 8
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In adgdition to this tagk, the subjects wers required to repeatedly respond iz a
center light (iTem eye in Hgat ~totancy, Inminance in excess of 16,000 faot
mris, white Hght] b squeesirg a trigger-grip owitch to extinguish it within

3 seconds.after the Light was turnsd on by th2 contral chserver. The subiects
‘?éi‘*““iﬁ to give the center Haht priority over the tcacking task and It was assumed
that they were at blackse when they failed '0 answer the light.

Anothor switeh lnoated shove ihe brigger was connected o the power supply
of the centrifoge and sliowed the sybject to torminsie the ezperitaent at auy Hime
during the szeelpraiion thad blackout, sovere dyspnea, chest pain, or any other
sympion associaded with lo=s of a critical facully dppeared.

b

R SR SRR G

The subjects practiced trseking at one g until Nwelr performance reached an
sppavent plalest. They were then given several practice sessions at low and
imerme Mate soevherations prior to the aclual experieonts,

Ty w0 itnents invelved seven young adult male subjsets. S5iX were exps-
rienzeu wealinge riders, the oilier was given two indortrination sessions at tow
accslsration prioe fo boginning the experiments. The acesleration profile shown
in Figare I wias also studied with two of the =zeven subjects wesring MC-2 full
prassure salts. Boih sebiects were centrifuged, [irst with the suil ventilated
But oot i&isﬁeé,asé 5] aﬁ&er day, with the sult pressurized at 3 psi. The anti-g
blagders were oot actvaled in elther of the tests,

RESULTS

With an overall tronk end head angle of 17° in the direction of the accelera-
tion, blackout was experisnced by two ssbiccts at 12 g when 2o straining manen.
vers oF protective equipment wers uged. Bv using the standard Air Force anti-g
mit (CSU~5/P) infisted to § pei, logs of vimon was prevented ia both subjects at
12 g. When the back angle was changed %0 12°, only one of four subjects exper-
isnced bluckon? 2t 16. 5 g without anti-g suits. Dyspnea syprared only at higher
fsvels of acceloratitn in this position.  All -ubjects maintaived some degree of
ventilation throughou! the acceleration prodize.

Besalts fg@ @m&—aﬁm the NASA re-spiry accelerotion curves

agz chown io Talilss I sl . Five of seven mibjects were sble o withsiang ¢e
egﬁx& profile zhgen o Figure 2 . Two schiccts sxperienced severc subsiernal
paic assosisted with ﬁgmmﬁéﬂ*&éﬁ forced 1o teminais the gxper-
iment 2t £3.5 and 16.0 g resoocrively, The paln 945 an intense gohe over the
iower thivd of (e ssmg%ﬁvg Tadiatsd ?-:iis.ieriaii’g along the costal margin and
into the exigastrium, It persieted for 4 to @ hours after the experiment. One of
these subisels experientod 8 sharp chest pain which radiated to the top of tﬁe
goapun one hour after the experimeant. Siundard elertrocardicgrams tasn 24 hours
sfier the szperiment foiled & povesl g doviztion from the normnl in agy of t&;e
gave auble~ls

ORR———— T
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TABLE 1

TIDAL YOLUMES ANL RESFIRATONRY RATES OF 8IX
_SUBJECTS EXPOEED TO 16.§ C ACCELERATION PROFILE

TIDAL YOLUME N CC's
Subj. Bubl. Subl. Suobl.  dab).  BaBl. GubY.  &abj,  Buvj.
1 a2 2  H* 3 4 5

50 500 8% 425 180 675 400 420
WG 200 228 195 110 o7% 7%
i60 5 e 175 0 0 e 20
0 20 B 43 - a2 73
475 6% 32 WS - 160 §25

———— <

RESPIRATORY RATE IN CYCLES/MIN -
5], Sabl. Sibj. GSubj. Subj. Subj. &wbj. Lub). o1b).
i la__ 3b 2 2a  H» 3 § 5

CONTROL 28 28 20 18 i8 17 23 24
8g Bo €0 é4 36 45 18 41 %
18.5¢ B ki) 84 48 1 &1 % 57
Bg 4 €8 42 0 - 28 42 39
POST RUN 24 30 30 0 - 45
“a' with MC-2 full preszure suit uninflalsd

oY with MC-2 full presanre sult pressurizad

* aborted ride at peak (16, 5

% ahorted ride 22 18.5 ¢,

TABLE 11

TIDAL VOLUEES AND RESPIRATORY RATES OF SUBJRCTS WITHOUT
PRESSURE SUITS SUCCEEEFULLY COMPLETING ACCELER:ATION
FROTFILE EXPRESSED AS PERCENT OF CONTRUL VALUES

TIDAL YOLUME RESPIRATORY RATE/ MR

Biandard &rror Mean Siangard Broor
CONTROL 105%
Bg 5% i3
15.5 g 273% 5
8g K : 388% ]
PDST RUR : 1182 i3

WADC TH 50-200




Plackamt was gppreached {o thren of 12 auperiments. The subjec's were uugle
16 seoFe trackingtasik at 18, § but could 521l sse the center light duriry the peak
the asceleration profile. One subjoct repented the experiment and was. wbie 1o pre-
vzt tilackout by sireining mensuvers at peak acceleration. In the remaiping emyer-
inents, the sabjects 'pparently were able to porform the tracking task throughont
the axperimsnt.

Zaly two subjects have been throagh ibls prils in the ikl prossure sult.
Boh sublects were Rile to andars whe entiro expverimer: and subjectively felf that
the nuintiated suit dbl not impaie tularance. One suvdest {el! thet the galled run
wasg mors tolerabls 1han bis previces non-stited exgxsure. Tracking (billy durlny
both he pressurizer and unpressurized suited ogseziments sppeared to be as gopd
or befter than in ths shiri-gleeves experimenis.

With the /-2 sul rezasuxizgd &t 3 pal tug imbicets attnined & poik accelera-
fHon of 1858, Ooz suriect voluriarily 225rad the axporiment at this podnt beciuse
& Sovers SrSmEma.  Giems vvaid A Begnn {0 ducresse morkedly gt 36 g and ris-
gissiiz ;&é ssased andrely 22 28 & The othar gublsct succensiuily corspletnd
o s,

%Gy usn] ne paAkion picitvie zocords of the tincng ¢95k mondtor dapiay, it
was postiiie (o «odns target 8izes sther than the 3.5 mm target wluch was recorded
autometicellv. Bipasssesse iy wore made to Setermin: the peruent of dtae each 56~
ject 'wan ble to tizp both wiliezior needlios ¢ ithiy g tagyst < 7.0 maw. dumester.

‘The dats {ron: % tracking tusk gnems i B0 imite varishie, 7 uppsirs thet
the orersdl score sz wokk as the vcore based oo moment to mOm.ent changes in
trackios shilite 21 Jifferent levels of accesiaration) in crticelily Telsted to the

oXgres ¢ lesralr  which the imdyjsct has endergcni.

i § shues the tronbinsoosies 5 I subboaby who ware most exper-
feneed wih nictick. Ons Alject was & 3ziad pile, Both had practeed the task
s mraer of times Suring trensverse acyzertin o mare than 1 3. Fipre 4 s
2 graph of thres mores o a lsan exgsriences subjant during the sume adcelboration,
first wessing £ ventional Siring coveralls thua the uninflisted $4C-2 full pressure
suit gnd finally 3I0-2 suft Iniatef oo R el

Tahlo 0T shews the tracking ablilty of each sbjnct immodintely belors and
after the scoglnestien, Thore was po gross desrment in the dme SSquired to

extincuish the cader B Wasa s was o sxross hen marked 1088 of
vision or blackeu} & the Righer norolarations oovurred,

DISCUSSION

The anperiments soxoried in this paper represent o special eifort to suyiy

EF

informstics, sbout human resctions to & epscific series of avcsleralions vsung the

WADC TH §8-102
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TABLE X

PHE-RUN AND FOST-RUN CONTROLS --TRACRIRG TABE— |
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% of Time
CIf Target

Pre-Run
Control

Lt g

v 1

b G0 S E 3 Cl GR B 4D DD B

i
H

]

: [}
H L
i
H

¥

T T A Ve .




?

R e

net sapport systein. Becsuse ¢f the vrgency of the request for this wlormation,
it has %eﬁ necessary to sacrifics several important physlological measurements
which had beeu planncd for the overail study, Bince the nst systein of ..apﬁeﬂ #d
restraint 18 belng considerad for several weazom systems, this boratery ! & pianning
an extended series of both basic and applied siudies to chjentively select cpimum
body positions with respect to hoth physiclicgienl telorance and performance ability.
R is probable that ¢ considerabla ?33‘“@ of this information will he svatlebls in

time to ba of use to NASA during seiection of their suphort system for the manned
sgee capaule.

It is ot possible 26 entirely oxplels the increasnd in tolerance which the ast
system provides io csm:gafiﬁaa to tha rizid system previously uzed in this Iabora-
tory {8). The subiect pans! Includes memberg who participated in both siudies,

Ths earlisr rigid system was not contonred tu Lody chape. The net rupport was
cortoured to the dorsal syrfece of tho body to soms degree and became even more
cloge fitling under gecelerztion, It may be thut the het support reduces distortion

of the chest wail under accoloration. At any rate it reduces reephiatory effest

and chest patn. Bt definiisly iz more coxforishle and provenis the formation of der-
mzl poteohiae in depender! aveds.

e A BT AT~ e T WU 8 0y

The veraztility of the nst sepport sysiam is illustrated by the facs thet subjects
ranging from 145 sounds to 175 pmnds were comioriadly supported throughout the
sccelersiion, The dogrec of body displacement 1 pelated to the streich of the
reschs! nylon aet so that heavier subjocte have a slightly groster back-angle than
Hghisy subjects.

The two tests using flylng coveralls shich were termingted involved short,
ight subjects who spparently displaced the net eupport laazt of auy of the

pasel. & lmBled samher of szperiments bave heen doae eompavricg daceon and
ryios for ned sugport. Decros 15 supposed to undergo leas sivejeh so that it
should be possibls o pre-position the eubject at the desired body angle withont
@x&aﬁ%’gﬁéﬁgﬁem Freliminary resulis indicals thst the par-
ticulsey dacron naf used underwend almost as pich strefohing as the nylon nst.
Furthermore, i failed %5 return to iis origingl shage after the agceleration. Further
Wmmﬁmiﬁﬁmﬁc@gﬁéwmmﬁasmm

The loss of vigicn in se2ied forward sscelaration sppoars o have & maove cow-
plex etiology than the usuni black ™ 1o sasted headward acceiaraiion. Desiilen
very siow rate of onset of the poasdve g ventor, lo2s of vigion coeavved wien thiz
componant veached aboat § g 2 polnt eonsideratly bolow the threchaid for eated
nositive anceleration. However, the sys o shont 10 o wiront of the heart in this
g@ﬁmat&iwm&édﬁagﬁi@ {he hydx : cdumn e2is in prevent-
ing adequate retingl porfvsion, The anti-z &l and sirenang muanguvers apiear io
ai4 in prevention of loss of vislon in forward scosieration Showing, 21 icost, that this
bisckent, gs%gg%ﬁmg,%smeﬁ%em&aé&%mﬁrﬁé&ebﬁf.
zfzhgesﬁsﬁa%aﬁassf%se?ései.sfs@&aﬁ&;e*i rm a7 eritical tashs, i
sppeses worthwhils fo supply Kim with functional anti-g bisddcss §a§aa funciion during
peek aceeloration above 13 g,

WADC TN 50-108
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The periprmance maasurements in this study esentially confirm and axtend
those of Prestos Thomas (6}, which explored man's shility to perform similar
taske duving thres-siage forwa.d 2uvr-gierations sharacieristic of the .aunch phase.
It appears doukifet that man will be mechzaaically able o make more than wrist
any flagers woveinants doring svesloration greater than 12 g, Tne subjact whose
hesd slipned off the tracking coniral at peak g was unable to reach the instriment
ac2in uniil the scesleration was reducsd to about 18 g.

Pericrmance sbility during acceleration as indicated by the dez. purauit ‘rack-
vy tack appears fo be a funvlon of learning b do the task du-lug acesleration.
The numerous seusions of practice at 1 g did pnt ssem %o malie up for lack of exper-
ienne of mosi of the subjects with the task durlpz ccceleration. Wa do no* yet have
d.:a on & large enough susshor f trained ssojects {o present a statistically signif-
icant picture of performancs abllity 6-l:ing the zecelaration profile. ¢ is agparen
from Figure §, bovever, thet & l«asl some people can be expertcd to gxest rather
ertigal control over auch & wask during sccelerations of up o 12 . Actzaily, the
wvwo subjects whose scoref are shown in Figurs 3 contiued 16 do wolli 0n thds 188X
until logs of vinsdon from the prsitive g vector ocevresd.

Tie e 15 an indlcation, buged on the 2xperience of tw0o suhiects during 12 ¢g
a-eleraticas in n sglightly different posttion, that uze of the anti-g suit o this
situation may extend perfermancs ability by rajzing the threshold for loss of vislen.
Thore 18 no apparent evidenrz of impaired Zerfurmance immediately after the gim-
viated caceloration. Thia would Indizsie that the eccupant of a space vehicls could
ba oxpacted to maks oimiilar erifics: adjustments shortly after re-entry, or {for that
matter, afterbacet zince tae fozve vestor arts in the same divection (except for
the posgible infiusnce of zozo g siate).

Hvery subjeci Secreased tidal volume and jncreased ragpiratory {reguency
srogressively in 3 manuey direstiy relalsd to the mezaitude of acceleratica, 4%
seak scceleozation venifilation becume inadequate in almost evary subject. Taat la,
tidzl volame was approximately equal to or less than the sapacied ansinvaic dead
spaze {165 -- 375 oo} near peak scosleration, and it is tharefors Lrgrobable that
any new air reackzg the alveoll 2uring this pericd. However, L duralion of inad-
equate venilaion was usually relatively brief {10 ~- 15 ser) in this scceleraticn
profile, and it is not capected that serieae levels of arerial szyger deplotion lasisd
{7~ 2 significant duration of time. In nore prolongxd sceslerations above Il g of
furward seceleration, serioss arterial desabusziion with resultant corebial hyzoxia
wouid be expected to impair tolarance and rerformance.

Buring rzurn £rops oeas scceleration and in some caszs, continuipg after,
completiin of the acceleration roofile, an impressivz lacrease in veadilation
ceeurred which would sugesst that inadequete oxygenation did 2xint pour 37«
apc~jaration,

o .,.nula be woted too, thet e ratio of totzi minute ve<iustion to tidal volsoe
2 - o - g
incvease. progortonally lo the accelsrative force. Tereinge, breathing veoune
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progressively less efficlent, so that the demand Ior oxygen increased progressivaly
because of the increasingly inefficienl work of respiration itscH.

Almost identical results prevailed in the same subjects with and without the
MC-2 full pressure suits. Pressurization of this suit during acceleration did rot
alter the general roapiratory mattern.

Eyspnea and chest pain were prx “ea i those suhicets unable to tolerare the
profile of acceleration, and were ¢ited as the reusons f2r aborting the attempt,
although their respivatory frsguency and tidal volumes were within the range of
those seen in the subjects who did tolerate the acceleration profile,

Dirset measurement of arteriz! saturation and its changes due to acseleration,
accelerative changes in pulmonary blood flow and distribution.and similar studias
are urgently needed. Whil . complete studies will require more elaborate instru-
mentation than is currenily availabie. some studies of artertal ssuraticas during
scceleration are currently in progess.

SUMMARY

This report covers a series of expsriments which evaluate varations in
respiratory rate and flow, electrocardisgraphic changes, tracking performance
ability, and subjective response during an acceleration profile which complciely
envelepez the several predicted re-entry profiles of the NASA manned spees
capsule. On the basis of these tests, it is possible to say that eny of the re-entry
aceeleration curves subiuitted by NASA should #all within the tolsrance Limits
gsi;g éﬁ?gﬁ&e" support system described with 2 forwarg inclinadion of the trunh and

2 29,

Preliminary impresasions indicate that subjects wers uble to pevform crtical
tracking maneuvers throvghout all except the peak accelerations of the 16.5 g
curve. There appeared to be no decrament in tolerance in two subjects wearing
the uninflated MC-2 full pressure suit. With the suit pressurized to $ pai, both
subjects reached 16.5 g. One zborted the experiment at this point; tiz other
completed the profile.

The electrocardiograms recorded during acceleration show only mild tachy~
cardias with occasional exira systoles. Respiratory rate increnses with sccel-
eration, tida! volume detreases. It sppeared that all subjects were able 5 main-
tair air flow during all stagas of acceleration, however, ventilation nzar peak
acceleration did not seem adequate to maintain axygenation.

WADC TR §5-82




BIBLICGRAPHY
NASA Chart of Re-Entry Acceleration Profiles, submitied to WADC 1 Dec 1958.
Ballinger, E. I. and Dempsay, C. A., The Eliects of Prolonged Accelerstion

m&e%msﬁymme Prons and Supint Posions, WADC TR 52-250,
N
t’,éa? Ig -

PR L T

Hertzberg, H.T.E., & Prone Position Bed for Pllols, Memorandum Repurt
MCREED-085-71 D, EIr Biaterial Commang, 25 Juns 1848.

Zuidema , G. D., Cohen, 8.1., Silvesman, A. J., 2nd Riley, M.B., Human
Tolerance to Prolengea Acceleration, J. of Avia. Mediel.s, 2% (38481,
Deacember 1858,

Clarke, N. P., and Bondurant, 8., Humun Televavce to Prelonged Forwa
and Backwaru Acceleration, WADC Tectnical Repo! 88~26%, July 1998.

Preaton-Thomas, H. BR., Edelberg, R., Eeonry, &.P. Miller, J., Ssleman,
E. W., and Zuidemr, G. D., Buman Taolerance to Multistage Rocket Ascel-
erztios Curves, J. Avia, Madicine, 28: 380-308, Qetober 1955,

1 AR ORI BAAAIR 3 s |

WADC TR 50-108




