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Theresults o thistesting indicate a set of pa
conitins %hw ar toeraleThe tests ha~-v been per.

fiorred in suchd way as to have a rnwemom or gei14r- f. F;
alitv. The influence of the restraint "ysem and the IA kuf-

There is considerable indicatiou that the head wl
present a problem in tolerance wo impaot accelration,
patterns as more severe expoures are invetatigated.
There is. however. no basis in theso results for a fore-mst-
of any probatble or aluolute uzjus level.-

Preliminary results af a mnathemnatical analysts have
beem presented, and the ttends indicate- that it h desir-
able to attenuate high.frrqmeney owiipcaents of the ac- ~
cdc ration Pulse in impact protectin.

The pow r density spectrum of the iriput Ar, S-
tionS hawe been presentesi 2nd discwed'as a method -I

of approaching the problem of de-enmining th~e tole.

abltyo an arbitrary acceleration. paitern. .-
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Unman Response to Several Jmpac Acceleration

Orientations (hid Patterns
(:.�vr. Ensiuxe II. Wicis, Ju.. IJSAF, MC, (.wi . Ni:vt.u� P. (i..�iti�i:, L!S..Xl�. V AUC �

I l� l' '. Al .L�V4TlON of li�in:in resi)O!iSes to �brtipt uli liii �elicIt, aii(l lni)inc(lieal ala 'w('re ecor t l1� 
�''

I ceeleratuns tinder coot rolled experimental COIi(li- The I orce and accelerat lull data Irorn tI ICS( experi-
tions has been almost entirely limited to s:udies iiivolv- lucius have l)eeII subjected to considerable iuuatlue�nal

j��ng exposure of subjects to forward (-4-ax), backward cal aiualvsis iii or(lcr IC) abstract the body dynamic re-
L'� -ax), headward (-a.,.), and foot��'�ird ( 4-az) acceler- spouse. *l'lae methods and meaning of this analysis �vihl
� ion � �' The situations, other than controlied ex- he preseulte(l l)rieflv and some preliminar results pre-

tmeflts in �hiich humans are exposed to high-magni- st'iited �til(l (liSCtiSSe(l.
��jle abrupt iccelerations associated with large clwnges

*� �.elocity tisualiv occur tinder emergency conditions. METHODS
In the case of emergencies occurring during aerospace
flight, escape from the parent vehicle usually � Tue laboratory test facility uSe(l in th. ':�e (xpei-
exposing crewmen to acceleration - in nuents is the AMRL Vertical I)eceleration Tower (Fig.
which only the initial force ejecting the man from the 1). This facility is a guided free-fall device with a
vehicle acts in a predictable dirz�etion.. For most of the controlled deceleration produced by a plunger which
other parts of tIme sequential acceleration environment,
the direction of the acceleration vector with respect to
the crewman is, at least to some extent, uncontrolled. In
ather cases, such as ground landing impact in closed
capsules, the orientation of the aecLleration vector is
random, depending on the direction of the surface wind.
The studies mentioned above have shos�'n that orienta-
tion of the acceleration vector is a major factor in de-
termining the response of man to a given load, since the
critical body structures involved and, presumably, man's
dynamic response characteristics vary �vith the direction
of the applied force. Sinee the orientation of the accel-
eration vector is variable under operational conditions
and since the effects of acceleration are dependent on
this orientation, the National Aeronautics and Space Ad-
ministration, Manned Spacecraft Center (NASA-MSC),
and the Aerospace Medical Rcsearch Laboratories
(AMRL) have begun a jointly sponsored research ef-
fort to syst�rnatically explore the effect of variations of
orientation anc� acceleration pattern on the response of
man to abrupt acceleration. Sevent�'-five experiments
in pursuit of this problem are reported here. � .2i �

In these experiments, the subject, wearing the Mer- - � ]
curv pressure suit helmet, was placed in a rigid ye-
hice in a sitting position. restrained with a non-c':-
teiLsil)le chest and pelvic harness, and exposed to Ni�

deceleration profiles in seven orientations. In the sx . EUIF
acceleration profiles peak C ranged from 3 to 26 C
units, impact velocity ranged from 5 to 2S feet per
second, and onset ranged from 200 to 2000 C units
per second. The seven orientations contained forward.
np�vard. ight and left components of acceleration and
were 450 apart. The acceleration of the center of
gravity of the vehicle, the force exerted by the subject

the 65' ()tI� .�('rapacl' Nt,'dae:gI IteM'�IiCl I I All 'I ,nii(urit�.

.4,.,,, PVi.Ltj(JiI, I .21' At i�t'l,�. (:�bf� �rt , A PI��l 313, I ¶K�:I. Ii .�. I . l)e '.'Ii*ral ir Ii I��E g.

ltspriiiii'iI lm�,,u .lt14I.%jIqrE- .¶I, 'd;,-Iu.. �iiI. 'II. No. 3.2. I)&'v.iiiini I'.)1i3I'ri�.c;'hiI ... tI� alilillal in,,iiiic� 4 IIa Aro,,1,je NIiIie�,I



HUMAN RIIESI'ONSE TO SIIN1AI. IMPACT.G ACCFLEMIATION OlUENTATIONS AD PAITERNS-.WEtS ELT AL

dlisp~wees wwatr fromt a v~linder. The entry 'elocity is axis of tie center of grav.ity for echd orientation of each
coilttolliI by the drop height. T'he decelera~tion pattern vehile was determined by static me-asurements arnd
is controlledl bv the plungecr shape. 1Tue deceleration an, acceleromete-r Ivas moun~ted on this axis.
p.attern (Fig. 2)is re~adilv repeoduce-d. A triangular 1-he physical instrrwentration system uses the Awct'eie-

osneters and load cells muentioned above as transducers.
7These are excited bv carrie~rwave amplifiers whose out-
I.. titsaefdt av"m rdrvr %Ic ciaebt

,~ light galvanometens in At' oscillograph and a frequency
modulated magnetic tape recorder. System tests indicate

___ -a freqluency response flat (%ithin 5 per cent) to 200
esele pe aeod and a static and dynamic accuracy of
5percet

Thec biomedical instrumentation system uses a San-
Fig. Ckc~amliycd acer-nt~og hi~tery. horn 150 series six-channel t-e ecre forth

electrocardiogram and respiration. A standard clinical
appo~iaton o te mpat prton eftle wve form five-lead electrode system is used for the electrocardi-

is also indi-cated. ogi-am, and heads 1, AVF, and X12 are monitored con-
A vehicle .vas suspended from three (Fig. 3) or tinuously during testing During eary tests the vector-

cardiogr~az was reore by a poarid camera from
an oscilloscope, but this recodig was discontinued
%hen no changes were noted.7

Black and white 16-mm. motion pictures of each test
were made at 400 frames per second.

The primary vechicle used in these tests is shown in
Figure 3. Ibis omnidirectional vehicle was designed to
fit 5th to 95th percentile subjects. The structure, eseiu-
sive of suspension, has a back angle of 0%, a thigh-to-
torso angle of 78%, and a variable thigh-to-leg angle
with a mean of 7180. It is provided with lateral head
supports. The sutspensior of this vehicle is designed to
provide infinite variation in the baclz inclination and

225' increments from left to right lateral.

A

FM 3. OwniaitýI stide.

four (Fig. 5) 1via~ on a cantiletvr asscmbly at-
tac-hed to thuc deceleration to%%er cart. Each suspeson -

cnectinom was made tharomzgl a load cal wimsih me=s-
unt-I thr'! instuanminous forme az that point. The vertical
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I.", tile eartsy stages o! testing, a bI~dv support Iran,-. ~3- Oid you haaý any pa etiv~r prob-eii" ,vit ally
Wa etsigued' for iateril orisenitatiurs. as shotvui in Figure part of %our equipmeant?

5.~i*i "t" xivrartictaiir miotion ii thiaz or

The- rostraint r-vstain usi-I is shewn in Figuie C. Tlse absout v'ourself?t ehsest complex consisb. of a el'-ed hta: -Ind IWo slioalder- (5) lloss dl; N':iO compaire this test %vitli yoir previous
to-flank- belts fasteacd withi a 'balety belt likji *aat'T.or exZ7eritence? ta hsts lw
to thle stolim~m. flelw plsic vwiliple.. eanIsids of .1 ctou- (6) odyureattitst.w
tinuous belt onl cach side whicla starts bowtwt-ri the (7) Do voa have anv residual 44veeS froin tile test?
thighs, passes thirough a slida-c at the hip (-which is (24 hours posst-test)

fasene to the seat -and black-), and connects wvith tile Twenty-four hour-. post-test a routine urinalysis was
other side over the pubis in a snap latch. Thle leg is re- atvomplisled.
strained at the calf with another belt. A materials list The mathemativalt airthssis is based oil tilt Fotrier
wvith the letters referring to those in Figure 6 is pre- Iransforniation. This tedhiiajue is bia-,eallv an etent-asion
sented ina Table 1. of Fourier hansionic anialysis to traniusent situations, that

is. tile force and ,ucceler.4tion data is resolved iiito
TABLE i. 3*ATERIAUS, LIST corre-sponding frequency components. The dvnainic re--

, ~. *, ~. ~ ~~ *,~,sponse information is derive-d liv findinig the ratio of thet
Bi. 31. a,ý IV -sum. *.a u..1, le"~ d_1 om. Fourier Transforms of force toý velocity (derived froin

C. WOy bda it.h .,u.i~y dii. i...iti the areeleration). This, essentially. mlistIL that the rela-
ii. H2. t di-tiiin d ~oiii tionship (phase and magnitude) betwee-n corirespond-
F. 2" týInI -nm...-- .- lh- Ip t ..- 1 -V- ii 0,..., -mli. ing freiquency components of force- and veloicity is es-
G. P--dbuto,., J% .. i-- hiu. -ith ~iisl Ai"_a tabhisbed. The justification for this analysis is tiue

~'* ' ~''~' n~. . 3-P- assumption that the subject's dyniamic response is aquahi-
"~ iii tativelv similar to that of a linear, second order, spring-

Tierestraint s"sem used on thc earlier latnd , mass-da Irsse.Terltosi cle ahnThe ram wa siilarto hatdesribe alove- ial mpt aIXn) betwecen force and vvelocity in a liniear
support frmca iia ota ecie bv x- I
cept that an eight-inch vest was used instead of a mecanical syýstem is uniquely expressed by ilic trans-

trefinch belt on thle chest and that the thigh and lap formation teelmnique described above, an~d the im-
belts were not integrated. pedance so defined is a unique function of tuse spring-

Tesupport systemn in the ormnidirectional vehicle mass-da mper parameters of the mrechansical sysiern.i- 2S-
was the structure itself. In the literal body support The- magnitude af the Fourier Transformn of the acce.-
frame both rigid foam couches and semi-rigid -mco tration is. in fact, a representation of the amounts of all
balloon" conches were used. In ech cas die coc frequCncY components in the pattern and is the square
vLas mo dedosel- to the body contour in the form of root of the powver density spectrum, which is mcaninig-

moled a~. ~ ~ ~ ~ endThe ful in terms of the energyý input to a linicar mechanizal

miIbllo; couch is a thin rublier bag filled %xiitb sYst~m
-qAspheres When the bag is evacuiated, the spheres

fonm a semirigid contour because of the constraint oi
the bag and friction between tile spheres. These couches
were used in the initial lateral studies to aid in defining
the problems involved. They wvere not used in the4

Ik omnsidirectionial studies becausec of =xeiec and cons- C
cidence gained from the- early ests an Iease of the

desire to eliminate them as %-ariabe factors.-z-
The Mercury pressure suit hclaset -Ais used in all

tests. The ihelmet %-As used as designed in the lateral
bodyvsppr frame tests and in the t-auli tests in the
oanidiirectinal vchile- For reasons; to be described -,

later tile hesluse was modified by remos~iiig the ear-
pshonars to achieve a closer fit %vitha vinvi foam inserts-
I'lie helnet ss-as initially unrestrained, buit was re-/*-
strainedt' during later tests lfir reasons discussed below.*/* -

Tesbetpanel consisted of 20 male Air Force, per-
sonnsel. Fad, had a Clas Ill flying phy,%sical -aithin the -

last 6 months. -- rays of the skulal an~d spine, double
masterls cleetrocriokgram. routine urinalysis and de-
tandes ncorolougiczi rxamination. Ismmediately before

BL adafter t-acls test. tlec subject 'was g~ivers a cursory-
neurological examiination and the- bleod piressure was
takeL frmmedi-ately post-test tha- suibject wais asked the

(I t a n oi ge'm-ral "M~umeults aboutn tlh- Wt-r? .-
121 D~o vet- a ans% pains? StS.%m4

11-24 -A-4-' Muio - D hnV=* Row
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TESTING deceleration tower, the acceleration profiles have been
chosen s* that thcre is a grAdual increase in impact

Mie orientations studied nLiov been chosen so that velodty and peak G. ie time was graduated othe
the acceleration vectors are not more than 45o apart mxtent possible. Exampes of the sixx accdoation poal
T1-. 3-=.ritir off le orientation refers to the direction used are shown in Figure 7.
of the impact acceleration vector with r.epect to a The tests conducted are best described in tabular
coordinate svstem in the sitting man. This coordinate form. Table IlI indicates tests done with the lateral
system has ihe Z axis parallel to the spinal a.xis, the body s hpport frame on microbailoo couches, and Table
Y axis parallel to a line through the shoulders, and the IV-A indicates tests done in the omnidirectional ye-
X a.is mutually perpendicular. The orientations and hide. In these tables T,, T2, peak G, onset, and decay
the coordinate system are shown in Figure 4. The
designations of tfie test orientations are given in Table
11 in a standard spherical coordinate system notation

TA9LE 1t. ACCF1ELERATION ORIIENTATIONS

11., mct. IM

A UP,4" 0" 45"
8II Up 4S' Rit 45* 315* 45*
C Up 45* Left 45" 45S 45'
D Right 453 315
E. Lcft AS 45' One urn.9
F Lde9t 9"* 90W
G Raght ". 270 W

(phi theta) and in a modified spherical coordinate sys- PW

tern proposed by XASA-MSC ishch uses direction
jualiiers with the angles. In the latter system the X-Y
peis the origin of the up-down angles which var y-m

0 to 901. The X-Z plane is the origin of Wt-right
angles which va rom 0 to 180'. For analysis purposes.
the standard sp ical notation is somewhat less am-
biguous.

Considering the capabilitý limitations of the vertical Fir- 7. omohmctioml wicine Pro

TA•LE IlL LATERAL VEHICLE TESTS

M, Dq TZ . PV k osse Dc.-y TO
No.{:*or• ft.;=€.) G tUit (G."•€. (0•*smc) (. •,c.l

Ldt Latm"l-Rlight 96
9- S-62 760 Ws M $ 437 62 Q2 77
9-10-63 762 W.9 465 U-73 M"~o 222 n 415
9-10-62 762 AR 571 12 427 171 46 161
9-31-Z2 7-3 AN 337 915 S.04 33 70 9
o-|I4 •764 AN 4•6 I3.4 9." 212 3- 31
9.-11.& 76S Es as 14.7s 4.42 545 2"6 210
9-1 7"2 PS 54.4 14.6 &.7 M68 M07 U1
9-12-64 767 uS 6"a0 11.3 .97 360 ix L
9-12.62 7611 LXV 704 3 9.3 121 283 10o
91.13-62 769 WM 73 2:i 1.7 3530 308 72
9-136 770 WS 531 ,2.3 22.3 397 266 64
9-144-2 771 El 2.9 M3.9 3012 1S ,4
9-14-4-2 772 64C 28.5 13.2 72 4US 71
9-1742 774 MX 536 U5.4 14-5 727 52 43

a"6-2 0 AR 548 1&.7 1". 390 7t3 36
9-26.62 s07 o 8 5 17.3P 16.6 973 75) 29
9-26.62 so0 CT M9 ZI. A 21s6 l530 3co 36

Right Latwmj-Ldgt 96
9-17-62 775 L ."2 9.23 5.#2 4. 92 $3
94-1-62 876 TE 3r; 9.2n 521 323 .2 I3

717-32 •777 E .5 t35 8.24 374 175 67
-19..62 778 Ws 49 13.0 9.7 478 :!p Q

-I-4 7 CT 530 3.4 am.25 310 81#
9.34 I8 88 6M6 17-35 9.37 44U 174 7

9-206-1 788 ES 700 19.85 9A 343 111 22
9-262631 0 7" T 733 26.6 ILI 353 U. M2

M.0-2 91 Ms 63 206 124 S4 .?*4 6r

9421-62 'I2 MV 660 Mt. 14.1 224 !W2 91
9.21Q 793 V 795 21.9 143.8 0 -- 4 192
"9-7142 7'4 AN 44 15.7 W3.5 414 436 43
V.244-2 SIl PS SS3 36.7 13.85 78 WS3 34.
9.z5.&? 802 TE s6 18 38.0 845 7.-j 41

M.06 .05 L9O is6 38 25 3190 1309 37

Amispwe l m eD er -z11
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t kiet 4P
1!- 642 )4- S.C 590 &S. 14.3 1140 .57 6
12. &42 W0 WT &Z? 21.4 1 7.2 17170 37-0
12. 642- 5*9 r; 7J9 ZU. 2--o *"S :050
22- ?-" -.; EX ait 24.3 21.3 193 33L; -A
52. 7462 95! 15i a8 26.5' 2U6 053 5 '10

122- 7-052 9 4 92V 279 24.2 2230 TC0 58I g-w up S--
32I&.14 9i3 SIC 62 5 .7.4 U33 IV 105 25
12-10- 2 934 Z1. . 5 210.1 Io.4 3310 4 32 5S
JZ12.322 935 's 732 V2 a 20.4 452 I2OU 49
12-32162 936 C3K 813 24.4 238 SU2 2640 4.3
12.32-4- 938i IL.; 666 6.0 X0 Z.4 18o0 62
12-3242 959 Wr 894 281 2Z.3 1100 ;'60 35
1.000 4S5

12-1442 960 Cm 600 1.5 14.) 1070 261 .7;
12-14-42 9%1 SR 6.35 58.5 :.S 13350 359 o

12-1442 962 CT 7.6 22.2 19.6 , 7 1;070 .I124;7-2 %13 EX 80! 23.7 n2'1 555 .330 64,
IZ-17462 )64 MOG 845 -,;1 25.4 23 1H35 (A
2.2-7-62 i.5. 3S W15 2,%f 21=3 1330 615 SO

Ud, 4S- UP 45
32.18.62 967 AN S99 164 23.6 2050 272 67
12.31142 938 YE "42 235 17.2 1=13 35 (A
12.19.62 so9 C4 766 22. 19.6 42,. 823s 72
12.1942 97-0 S.C 813 X4.5 23.4 573 1220 1,
124440.2 971 CT 878 26. 2.5 75 27so 3110 3?
132 A42 972 FE 2r. 22.4 214 130 7-65 56I 3igOd 4S. Up 45-
2-2.22 973 zo' 57.4 1-.6 14 Its.' :S9 7
32.26421 974 WI. e.9 132 1. 1230 358 59
12.2742Z 97-5 CF -43 --3. I .. 420 86.0 703
1 32'27421 976 W 81081 24.9 22.6 373 13710 63
12-2842 9.- 341V 88S ?i.1 25.9 710 1670 60
12-2928a 971t 102 920 27., 21-6 1336 685 59
Rickt or

3.1843 .024 tit S92 55. 12. 957 237 f8
3-IS843 2040 x5 63 1.1 16.3 1260 335 W3
3-IS-63 106. MO 7S8 zi.6 17.7 386 2040 71

3.2243 104, LXV 819 25.2 21.2 491 1120o 68
3.2143 1048 PE 874 37.0 iL34 600 1430 Q
3.2243 l0ss NOG 927 2&.2 23.1 980 578s .3
3.2543 20s0 S. 612 17.7 1L. 750 240 ;5
3-25-3 5013 LXV 643 201 7. 1210 240 6
3.:-63 1552 FR 472 23.5 18.5 393 8"0 75
3-2&43 tJW3 CV' 734 V7.1 22.2 4"0 1160 72
3.2743 10s4 us5 40 :36 8. 493 1015 65

3.2743 l0ss Wi T24 27.5 23.0 1210 535 .

are the Sam- as defined m- Fir 2. &%, is th %,l Lf) C 1  b iturly534 5510

chang or, Cld T VB showrS the OnMs- f Tr . I.. -- p p.i ~ ~ 000 '* .ki... ..

monr assm it lo ao fWL.3ls -ia 31- ogT- -~.*llo T2 ... t 2--,423.il2.

IL .6 T-kw16i t -

Wt0 ai -. 0L al

Vic~~~~wpiit listed doetin not 3nict aal subjectnv end- h V-- - -
paternan quhl ofem mtsiIKC~edpnoablnt in' I.& case. d-I su ild Tis IC 1 ý I-$d 32 TIaf

R;- 1;rk .h6
Acrc.2w...~ .lXý o 'sai isw draigm 12 upIas i m a fl'v:

04.6.0.00 ~~.o.....-o1.. 402...2..0.7 lii't . riscm om2.lri iiulj~%~v I~~i 32(13

.4rrmp4P 3Inf iur elm, goo a -. xi
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TARLE IV-B1 OUXNIIRECTIONAI. VEHIICLE TF-T`

1."p T"- AV P|.k onti Dy Ts
-X.. V ._ t .ho ,t(C. Wt,.) 0 loot tO s.,-. (G W.) (o ys'r

32. 9-. '46 LG Right 43* 590 36.5 14.3 1140 2n7 65
12I-10I.Z 4533 11G Fort3 op 43' 615 17.4 33.5 1075 9 63
3U 144.- .0 CM "it 45' 600 16.5 14.0 1010 261 67
I3i.31 3 %7 Alt ,i. 41' op 4. 399 16.4 1M. S03 272 t7
'Q 2!".! 473 CF Rtbht 45' %p 4S* 376 6.(. 14.1 1190 259 70

.1-:I"1 1044 LR R3434 90- 51 15.3 13.4 957 237 63
3 .2363 1030 LG LWt 90 612 17.; 13.5 70 240 75

32- 6-6" 947 WT .ie'ht 43' .2 19.4 17.2 1770 370 62
12.10-63 94 MS F t op 43' 6M35 X1 36.4 330 432 39
12-14 0.' )•o. 313 Lt 45 .35 19.3 16.3 1350 359 60

S'21-6. %S E 3i 41' oP 43' U3 .4 39. 3.Z 1300 393 60"32" -6 994 WL itht 03° p 
4

3' 4:31 33&3 16.0 120 39 39
3.315-63 3043 833 3.ght 90' 636 17.5 16.3 1160 355 63
34266- :0s1 WX 143 10" 5. 20.1 17.0 1210 360 64

P3.4k =3
12. &(-6 949 El RIck: 45* 730 22.2 23.0 463 1930 69
12.17.63 953 PE F..-oms. op -5W 731 ,23.4 433 l3d0 09
32.34 .2 963 Cr Lzt 43' 736 2 19.6 470 107 6
3.1-9-62 %69 CK Lot 45' op 453 76 2-.2 19.4 426 Sts 71
32.21.6.12 97 C'F Xtwh 45 P 43' 743 2,.3 20.. 40 960 70

3.33-6- l046 3iO Itsbt 90" 739 21.6 7LI 3U 39.70 71
3._o.6 3032 F1 LWt 99' k72 23.L IL9 393 940 75

12- 7.62 930 L.X RIgkt 45' 933 24.! 23. 30 325 6
3-.3.l-2 956 CE F.oMdp UP' 933 24.4 2" 5s" 1640 63
M1.37-62 963 EN LWt 45' 36i 23.7 23.! 555 360 64
32.319-62 979 IA 1.F 45* up 45' $13 24.5 234 S71 3310 64

W2..-2 976 VrL R31gt 45' op 45" 00 24.0 2.&6 573 ,370 W3
.i.22.. iC47 LES RLiht 90' 319 23.2 212 493 3.0 69
3.-2/-63 10533 cF . 904 134 27.1 ,22. 490 1160 72
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sistent change- Urinalysis post-test showed nodthn re- Ito objecti~v distinction betwveen the miniroballoon and
_m kable. rgid oche The subjets . refee the rigid couches,

The clectrocardiogram showed remarkable esents but gave% n clear reasons. The major factor noted in the
ordy m the [oikl'ing four tests. high-speed film =s de large displacements of the head

t.l Four premature vntcular contractions one within the helmet and of the pelmet itself For variety
minute post-test, abrupt dhthun mchnges ('AV of reasons, including muscle tension, the helmct, when
26.9 ft.!sec., peak C 26.6 units, cnset 693 C unrestrained, lifted away from the %_chicle during free
units/see) fall and, consequently, received on impact a deceler-

965 leart rate immediately trior to impact 116/- ation substantially different from that pwgmmed. This
min.-heart rate, unnwedzateiv nest-test 36/ran.- was particularly hazardous in that the irregular surface
returned to 16/min, in 5" sconds (a v 27.6 of the helmet was pone to pirot around the lateral
ft/sec., peak S3.3 units, onset 1.330 C units/- head supports. Because of this, a two-inch Dacron web
see-) belt -was employed eariy in the lateral tests to restrain

974 Two premature ventricular contractions three the helmet shell. the siA-%iz linear system employed
minutes after tes: (Lav 18.3 ft. see. peak C 16.0 in the lw-lmet, even with an optimal fit, does not achieve
units, onsez 1230 t unitsisec.) a coupling betwven head, liner, and shell which is de-

i105 Premature ventricula.- contractions 11 sec. pre- sirahie for impact accelerations. This is manif.,sted by
test and 2 min. post-ts.3t (a 2755 ft..sec., peak a rotation oft he head in the liner and a rotation of thit
C 23 units, onset 1210 C,sec.) liner in the shell From the film data it .as condudid

Analysis of the high-speed film data indicates, in gen- that this displacement was primanly dtle to lack of
eral. good restraint of the tor) in all tests. It is not spport in the earphoe ara. The earphones %were w-
posible to qamntify the tfevt of the restrainit system :movd alld vinyl fiv aln) inserts Sulftituted .lifficih-t to
as opposed to thai of the supPirt .•.tvln. There was ahaieve a tmtact fit in. this artia d Iurg and after te .n•I r
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test in the left 4s° -oientation. This modiffitikon stb- vious discussion, the power density spectrum is a
stantially decreased all degrees of Lead displcement represer.tation of the amounts of all frequency compo-
and -- .-'-A i-ble. m from the s-bects, nents present in the input. It also has considerahle genm
The n helmet caus-d soime limitation of'to- eralitv in that tilWe pattens Which nruty 1W. t-y
tion of the head iu the spinal axis. From the displace- fliff-rt.nt cma have the same amount of variots fre-
mints seen in the high-speed film da it can be c en- components and, comeqettn•tly, the saine power

ludedl that sucha limita:on is not desirade because it =nsqityxetrum. ThIN nit-alas that arbitram" time pat-
euaues an 'sxaggerated nod of the haad within the hel- tents whiic are oly cppmoximately comprable by
met. This discussion is based en oue hand on the gems - means of fitting with triangles and trapezoid% ctan be
erai principle that preventing displacement prevents reduced to the common denominator of the lposer dews-
power absorption and on the othr hand on the assump- ity spectrum. In rautietlar, it is possible that the de-
lion that motion of the Lead relative to the body is velopmaemnt of tolerability standards in ternis of power
undesirable because of the stress it imposes on the density spectra, such as'reported here. may exentuallv
vestebrae, enable the characterization of an arbitrary'acxceleration-

The powex density spectra of the six acceleration pro- pattern with regard to tolerability by time processs of
files are presented in Figure 8. According to the pr- finding its powner density spectrum and conmpring it

to the standards.
~ ..M A typical analysis result is shsownm in Figumre 9. This

figure contains plots of the magnitude of the Fourier
] Transforms of acceleration, impedance (natural loga-

-: -.,"-•.rithm), and the impedance (natural logarithm) of a
/ Smass equihalent to the subject. The phase angle of tl.e

impedance is also plotted. The abscissa is a logarithmic

(I- '(5frequency scale.) .,Although the results of this anal is are preliminary
and extensive virification ihas not been completed, sev-

a cmal trends bave emerged. The impedance magnitude"- / -/ deiates slightly, from the impedance magnitude of an
• /7 ' " '9 - equih-alemt mass. The phase angk of the impedance also

deviates slightly from 90'. particularly at the resonances
specified below, again indicating that the mass has

predominated- B:oad, low, resonances occur at approxi-
mately 3,5. 55, 7,7 and 11.7 cycles per second. There is

mm mmi m m mno gross distinction in the impedance magnitude nor"~ , .a "a in the phase angle amoig the varions orientations
Fig. % Zor den•siety studied.

These results indicate that the subject impedance

increases approximately linearly with frequenlcy up to
about 35 emles per second. This analysis is not -AMid

I; ~ I eyvd thi point because the velocityT polse does not
____cntain signict components beynd 35 cps. These

,reslts mean that for a given magnitude of acc-Jeration
-- anpot, the subject will absonis more pnoer from the

1 -l higher frequency components. In fact, since the phase
angle is dose to 90, the subject has not dissipated very

.. ..... j much power but most of that which is dissipated is at
the highc frequencies. Therefore, on this basis it may
be said that it is desirable in impact protection to at-

i tenuate high-frcquency components of the acceleration

I' SUNMARY

The results of this testing indicate a set of impact

. - conditions which are tolerable, Tie tests have been per-
formed in such a way as to have a maximum of gener-

* alitv. The influence'of the restraint sy-stem and the
helinet are quantitatively unknoiown factors.

There is considerable indication that the head will
present a problem in tolerance to impact acceleration
patterns as more seere, exposures are invxstigated.
There is. however, nm o bsis i. thl•-se resultk for a frmv-ist

IFi. 9. 11-ha, , -p anmm of ammy prubdAb-e or almnlmte imjury ."hdtl.
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