MR RTINS NI AT g

Security Classification
o

R i e TGt

tSecurity classificaticn of title body of abstract and indesing

DOCUMENT CONTROL:DATA -R&D

st be

d when the

11 report I3 ¢

1 ORIGINATING ACTIVITY (Camoarate sithae) 2p, AEDQATY SECPAITY Oy A(«neucu'nou
Aerospace Medical Research Laboratory, Aerospace UNCLASSIFIED
Medical Division, Air Force Systems Commang, 26 crouP N/A
Wright-Patterson Air Force Base, Chio 45433 (W
» REPORTY TITLE

HUMAN RESPONSE TO SEVERAL IMPACT ACCELERATION ORIENTATIONS AND PATTERNS

4 DESCAIPTIVE NOTES (Type of report and inclusive detes)
Joumal reprint

S AUTHONS) (First rame, middle initial. a3t aame)

James W. Brinkley

Capt. Edmund B. Weis, Jr., USAF, MC; Capt. Neville P. Clarke, USAF, VC; and

6. RCPORT DATE

December 1963

7a. TOTAL NO. OF PAGES

8

b. NO. OF REFS

8. CONTRACT OR GRANT NO

performed for NASA-Defense Purchase Req.

44 ORIGINATOR'S REFORT

—t

Contains information originally publizhed

b. PROJECT NO. T-9643 as AMRL Memorandums 28 an4 29
723; . AMRL-TR-63-145

<. Tas O. 5. OTHER REPONT NOI(S) (Any other nrmless st 2av Lo aarigned
723101 s opor)

<

10. OISYRIBUTION STATEMENT

Approved for public release; distribution unlimited

11. SUPPLEMENTARY NOTES

Reprirted from Aerospace Medicine,
Vol 34, No. 12, December 1963

12. SPONSORING MILITARY ACTIV Ty

Aerospace Meaical Fesearcys vaboratory,
Aerospace Mediczl Div., AF Systeias Com-
mand, Wright~Patierson AFB, Chaio 15433

13 AOSTRACT

sl

SV T enn
;‘m ein
— The results of this testing indicate a set of impact 321 -
conditions which are tolerable. mtmba:cbcenper- - .mg,:
formed in such a way as to have 2 maximum of gener- L L2
ality. The influcnce of the restraint system and the isgmt\ﬁ 4
helmet are quantitatively unknown factors. ¢ (253 Sl 1y
There is considerable indicatiou that the head will Of"t‘" P
present a problem in tolerance w0 impact accelzration -
pattems as more severe exposutes are investigated.
There is, however, no basis in tiveso results for a foreczs?
of any probable or absolute igjury level. .
Preliminary results of a mathemstical have ' 2 -
Immpcmued,andthcnau!smdmt-thatxxsdur o s P
able to attenuate high-frequency onmapenents of the ac- : é’sg I |
celeration pulse in impacr protection. 4 7 § i
The power density spectrum of the input 2crclera- = I
tions have been presented =nd discusced as a method = s
of approaching the ptoblm of determining the toler- 5 ¢ 22 o
ahility of an arbitrary acceleration paitern. T $7 ;*
- R
NATIONAL TECHMICAL Ty
INFORMATION StRVICE T
Soreshold, Va. Z3151
DD '3V..1473 &

Security Clzrsificative \

T Y Y T S L

1
4

e




Human Response to Several Impact Acceleration”
e Orientations and Patterns |

CQ Care, Epaiexn 3. Wes, jn., USAF, MC, Cari. Nevine P Cranke, USAFE, V

m and Janes W, Briakeky

b’ T HE EVALUATION of huinan responses to abrupt
m A accelerations under controlled experimental condi-
tions has heen almost entirely limited to studies involy-
ing exposure of subjects to torward (+4ay), backward
{—ax }, beadward (-a;), and footward ( 4-a,) acceier-
jon.* % ¢ The situations, othier than controlied ex-
iments, in which humans are exposed to high-magni-
ée, abrupt accelerations associated with large changes
velocity usuallv occur under emergency conditions.
In the case of emergencies occurring during aerospace
flight, escape from the parent velicle usually involves
exposing crewmen to acceleration  ¢nvironments in
which only the initial force ¢jecting the man from the
vehicle acts in a predictable diraction.. For most of the
other parts of the sequential acceleration enviromnent,
the direction of the acceleration vector with respect to
the crewman is, at least to some extent, uncontrolled. In
other cases, such as ground landing impact in closed
capsules, the orientation of the accdleration vector is
random, depending on the direction of the surface wind.
The stadies mentioned above have shown 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 with the direction
of the applied force. Since the orientation of the accel-
cration 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 “Résearch Laboratories
(AMRL) have begun a jointly sponsored research eof-
fort to systematically explore the effect of variations of
orientation anc acceleration pattern on the response of
man to abrupt acceleration. Seventy-five experiments
in pursuit of this problem are reported here.

In these experiments, the subject, wearing the Mer-
cury pressure suit helmet, was placed in a rigid ve-
hicie in a sitting position, restrained with a non-ex-
tensible chest and pelvie harness, and exposed to sis
deceleration profiles in seven orientations. In the six
aceeleration profiles peak G ranged from 3 to 26 G
units, impact velocity ranged from 5 to 28 feet per
second, and onset ranged from 200 to 2000 G units
per sccond. The seven orientations contained forward.
upward, right and left components of aceeleration and
were 45° apart. The acceleration of the center of
gravity of the vehicle, the force exerted by the subject

From the 65.0th Acrospace Medical Research Laboratories,
Presented we the annnal meeting of the Acrospace Medical
Association, Los Angeles, Cadifornia, Apri 30, 1963,
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on the vehiele, and hiomedical' @ ata were recordodld

The lorce and acceleration data fromm these experi-
ments have been subjected to considerable mathemati-
cal analvsis in order o abstract the body dynamic re-
sponse. The methods and meaning of this analvsis will
be presented briefly and some preliminary results pre-
sented and discussed,

METHODS

The laboratory test facility used in these experi-
ments is the AMRL Vertical Deceleration Tower ( Fig.
1). This facility is a guided free-fall device with a
controlled deceleration produced by a plunger which

Fie. 1. Decelerator tower,

Reprinted trom Acrospace Medicine, Vol 34, No, 12, December 1963
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HUMAN RESPONSE TO SEVERAL IMPACT ACCELERATION ORIENTATIONS AND PATTERNS-WEIS ET AL

displaces water from a aolinder. The entey velocity is
controlled by the drop height. The deceleration pattern
is controlled by the plunger shape. The deceleration
pattem (Fig. 2) is readily reproduced. A triangular

[
**\5}"%)\ .

N\
Y
Al

-
|

%

Fig. 2. Geasnalized acecleration histery.

appiorimation to the impact portion of the wave form
is also indicated.
A vehide was suspended from ilree (Fig. 3) or

four {Fiz. 3) points on a cantidever assembly at-
tached to the deceleration tower cart. Each i

cennection was wmade through « load cell which meas-
urd the indtantancous force at that point. The vertical

axis of the center of gravity for each orientation of each
vehicle was determined by static measurements and
an accelerometer was mounted on this axis.

The physical instrumentation sysiem uses ihe acceler-
ometers and load cells mentioned above as transducers.
These are excited by carrier wave amplifiers whose out-

its are fed to galvanometer drivers which activate both

ight galvanometers in ar oscillograph and a frequency
modulated magnetic tape recorder. System tests indicate
a frequency response flat (within 5 per cent) to 200
«veles per second and a static and dynamic accuracy of
3 per ceat.”

The biomedical instrumentation system uses a San-
born 130 series six-chanrel hot-pen recorder for the
electrocardi and respiration. A standard dlinical
five-lcad electrode system is used for the electrocardi-
ogram, and leads I, AVF, and V2 are monitored con-
tinuously during testing. During early tests the vector-
cardiogram was by a polaroid camera from
an oscilloscope, but this recording was discontinued
when no changes were noted.”

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

The primary vehicle used in these tests is shown in
Figure 3. This omnidirectional vehicle was designed to
fit 5th to 95th percentile subjects. The structure, exclu-
sive of suspension, has a back angle of 0°, a thigh-to-
torso angle of 78°, and a variable thigh-to-leg angle
witham.n?eofmﬂltisp:;;idedwithhwalbud
supports. st ior: of this vehide is desi to
sppes T sopeion o s i & desgred
225 increments from left to right lateral.

Fre i Betraint oatem,

Arrovpere Malicine + Devember 19652 1133
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It the carly stages of testing, 2 body sunport framw
wis designed tor izteral orietitation, as shown in Figure

The restraint systan used js shewn in Figee 6. The
chest complex consists of a ebe<t be¥ and tivo shovlder-
to-ank belts fusteaed with: a satety belt lateh aotevior
to the stenium. The pelvic comples eonsists of & con-
tinvous belt on cach side which starts between the
thighs, passes through a slider at the hip (which is
fastened to the seat and bhack), and connects with the
other side over the pubis in a snap latch. The leg is re-
strained at the calf with another belt. A materials list
with the letters referring to those in Figure 6 is pre-
sented in Table 1.

TABLE 1. MATERIALS LIST

3* 1ype IV “Dacris™ weis shonlder strape

3* type IV “Dacron ™ web Lteral chest strages

Safety bLelt latch Ly with i 1 adj

2 type 111 “Dacron™ web turso straps

Harness adjuster

24 type 111 “Dacrua™ web lap belt and Y™ tic doan <traps
Parachute harmess snap hatch with integral wljusters

Rar adjoster

2 type 11 * Dacrvn™ web begg straps

mRARMEORS

The restraint svstem used on the earlier lateral body
support frame was similar to that described above ex-
that an cight-inch vest was used instcad of a
three-inch belt on the chest and that the thigh and lap
belts were not integrated.

The support system in the omnmidirectional vehicde
was the structure itself. In the lateral body support
frame both rigid foam couches and semi-rigid “micro-
balloon™ cou were used. In cach case the couch
was molded closely to the » contoar in the form of
a lateral-body cast from the knee 10 the head. The
“microballoon” couch is a thin rubber bay flled with
small spheres. When the bag is evacuated, the spheres
form a semirigid contour because of the constraint of
the bag and friction between the spheres. These couches

were used in the initial lateral studies to aid in defining
the problems involved. They were not used in the
omnidirectional studies because of i and con-

fidence gained from the carly .ests and becase of the
desire to climinate them as variable factors.

The Mercury pressure suit helmel was used in all
tests. The helmet was used as desigend in the lateral
hody support frame tests and in the early tests in the
omnpidirectional vehide. For rcasons to be describod
later, the heline? was modified by removing the car-
phones to achicve a doser fit with vinvl foam inserts.
The helmet was initially unrestrained. but was re-
straincd during later tests for reasons discused below.

The subject consisicd of 20 male Air Force per-
souncl. Eacls had a Class {11 fiving physical within the
last 6 months. wravs of the skull and spine, double
master's clectrocardiogram. routine urinalvsis and de-
tailed neurological cxamination. Immediately  before
amd after «ach test, the subject was given a cursory
neurological cxumination and the bleod pressure was
taken. immediately post-test the subject was asked the
following questions.

(1} What are your genesal comments about the test?

2 Do you have am pain?

1124 Aanyoor Madidne « Decenalwr 1953

13} Did you have any particuler probloms with any
part of your cquipment?

{4} £id yeu notice auy particular nwtion withia or
about yourself?

(3} How s you cumpare this test with your previous
experience?

(6) Wanid vou repeat this test now?

(7) Do you have any resicdual offects from the test?
(24 hours post-test)

Twenty-four howrs post-test a routine urinalvsis was

accomplished.

The mathematicat ambisis is based ou the Fourier
Transformation. This techiigue is basically an extension
of Fouritr hanmonic analysis to transient situations; that
is, the force and acecleration data is resolved into
corresponding frequency components. The dynamic re-
sponse information 15 derived by finding the ratio of the
Fouricr Transforms of force to velodity (denved from
the aceeleration ). This, essentially, means that the rela-
tionship (phase and magnitude) between correspond-
ing frequency components of force and velocity is es-
tablished. The justification for this analysis is the
assumption that the suhject’s dynamic responsc is quali-
tatively similar to that of a lincar, second order, spring-
mass-damper system. The relationship (called mechan-
ical impus:nu-) between foree and velccity in a linear
mechanical system is uniquely expressed by the trans-
formation technique described above, and the im-
pedance so defined is a unique function of the spnng-
mass-damper parameters of the mechanical sysiem.’-= 2

The magnitude of the Fourier Transform of the aceel-
cration is, in fact, a representation of the amounts of all
frequency components in the patten and is the square
root of the power density spectrum, which is meaning-
ful in terms of the energy input to a lincar mechanical
system.
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HUMAN RESPONSE TO SEVERAL IMPACT ACCELERATION ORIENTATIONS AND PATTERNS-\WEIS ET AL

TESTING

The orientations studicd have been chosen so that
the acceleration vectors are not more than 45° apart.
The dezcription of the orientation refers to the direction
of the impact acceleration vector with respect to a
coordinate system in the sitting man. This coordinate
svstem has the Z axis parallel to the spinal axs, the
Y axis parallel to a line through the shoulders, and the
X axis mutualy perpendicular. The orientations and
the coordinate system are shown in Figure 4. The
designations of the test orientations are given in Table
II in a standard sphericai coordinate system notation

TABLE 1I. ACCELERATION ORIENTATIONS

Vector Oricntation Phi Theta
A Up 45° o s
B Up 45° Raght 45° 318° 435
C Up 45° Left 45° 45 45°
D Right 45° 315 20"*
E Left 45° 45 %°
¥ Left 90° %° %°
G Rigit 50° 270° "

{phi, theta) and in a modified spherical coordinate sys-

tezhg:posal by NASA-MSC which uses direction
qualifiers with the angles. In the latter system the X-¥
lane is the origin of the up-down angles which vary
0 to 90°. The X-Z plane is the origin of left-right
angles which vary from 0 to 150°. For analysis purposes,
the standard spherical notation is somewhat less am-
biguous.
Considering the capability limitations of the vertical

deceleration tower, the acceleration profiles have been
chosen o that these s a gradual increase in impact
velodity and peak G. Rise time was graduated to the
2xtent possible. Examples of the «ix accelovation peodiles
used are shown in Figure 7.

The tests conducted are best described in tabular
form. Table I indicates tests done with the lateral
body su frame on microballoon couches, and Table
IV-A indicates tests done in the omnidirectional ve-
hicle. In these tables Ty, T, peak G, onset, and decay

L5

ROFLE &
— P ~r—
Fig. 7. O - 1. - 1 vehicle accel &)

TABLE 1L LATERAL VEHICLE TESTS

Date Drop  Name T AV Pak Onset Dersy Ts
Neo. (= sec.)  (ft.isez) G Units (Gliec) (Gisec)  (m sccd

Left Lateral—Right 90°
9. 62 760 ws 37 s v &2 « 27
9-10-62 761 ws 465 1275 10.6& 222 222 48
1062 762 AR n 129 7 m 4% 36
91102 H AN 87 .15 5.0¢ 33 0 ”»
%62 7ol AN 463 134 254 m kS 3
91162 7 ES (A 18.75 142 543 2% 210
91262 766 S 53> 146 7 263 27 18
91242 K uS 00 i 8957 0 234 61
91242 78 EN K 183 $.3 i1 181 103
1362 769 wM $73 23 nz 330 3 72
91362 e wS 561 s 123 397 %6 L2
91462 N El s10 29 139 302 513 >4
215462 72 cuM «* 238 152 k- «H3 n
91742 7 MN 526 154 145 boz 325 43
2662 20é AR 548 167 158 3%0 3 34
92662 207 PE 582 235 16 5 73 29
92662 20 cr AS N3 e 1350 15 36
Right Lateral—Ldt 99
*17.02 775 LG 2 225 562 400 2 bt
18462 k3 TE i 228 a2 323 w2 10
$-18-52 777 TE - 133 82¢ 374 73 t
*1942 ”s ws Hr 130 257 43 . J «2
91942 bl T 350 130 23 200 30 "
*>2342 ) PE 28 1735 37 “i 73 Fid
*20-42 i ES 00 1983 26 343 1€ 7
2042 7% wT 3 26 mnt 150 us 2
*L 2 M MS &3 206 124 564 &t v
.21 b2 24 EN 60 151 148 24 32 L2
s 793 wyM 395 e 148 3% 24 2
7162 7 AN 544 157 i35 414 436 53
*»2362 1 ) 551 167 1855 ”m &5 34
9.2542 202 TF 584 ! ] w0 338 3 41
25e2 205 LG wr 1938 ns 3] 0 37

Acvaspace Mcdicine « December 1963 1133
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TABLE IV.A. OMN!

Date Prup  Nam Ts v Peak Uaset Dlecay Ta
Xa tm sevc.d (it sec) G Usiis (2 sech 1G sv) 10 e 2
Right 43°
12- 662 e LG 3% 163 143 1140 297 [
12 662 " wT [+ 194 17.2 1770 370 €2
12- 6462 9y A4 9 2.2 o 3 030 v
12- 262 i EN 13 201 233 192 1335 PO
12. 762 958 i 350 269 %6 653 s n
12- 762 93 AR 922 zs 241 1230 oS ]
Furware Ugp 23
121662 933 uG [3 74 133 1073 s b
121042 934 N> (331 20.1 164 3] 432 38
121162 933 PE 21 s 204 453 itw ©
121162 2”56 CK 13 244 233 538 1640 3
12-1262 93¢ ES “ 260 A ] £ 1300 6
12-12-62 959 wr £ 231 221 1190 i 38
Lefe 43¢
12:14-62 %0 cM 00 163 145 170 261 “:
121462 2% RR &35 183 3 13350 359 “w
12.1442 %2 cr 7% 222 196 450 1070 X
123742 %3 EN 201 232 221 553 130 (4]
12-1762 24 HG 343 250 254 425 1633 »
121762 Se3 s 215 2.6 23 1330 [’ H 3£
Left 45° Up 435°
12.1862 % AR 59 164 136 1250 n2 &7
121862 8 TE «2 w3 7.2 1363 395 7]
121962 56 cx 766 22 196 426 31 H1
121942 70 LG 3 4.5 234 573 1110 o
1229462 ”m CcT 578 24.1 255 7350 17% Fid
12 2062 72 FE 325 z.4 214 1380 765 56
Right 45° Up 43°
12.2¢-42 973 < 375 a6 142 118 259 5
12.26-62 974 wL s |1 %4 1ee 1230 388 59
12.2762 975 CF 743 221 20 150 %0 s0
2.27.62 97 wL 00 249 24 573 130 «
122842 977 MN 3835 233 239 720 1670 (2]
12:28-02 %z KR 220 27 226 1136 83 sy
Right 99°
31843 H LR 59 158 324 957 257 23
31863 1048 B2 836 17.5 162 1160 3358 «
31863 1040 b {1} z 2L 7.7 336 1040 2
322462 138 EN 819 22 1.2 a3 1180 s
3-22.63 038 PE 2 79 224 0 1490 «
3-2243 1049 HG 927 262 34 90 L2 [
Left ¥2*
32563 1050 LG 612 177 135 750 240 73
32563 1031 LN 613 201 7.0 121c 340 (2]
36 1332 FR &2 .5 153 393 860 75
32663 033 cr 734 za 22 4% 1160 72
3-27-¢3 1054 M5 "o 226 158 493 1018 [3]
3.2-63 1055 WL 24 27.% 239 1210 533 ]
are the samz as defined in Figure 2. Av is the velocity :m‘f""“""“
cbangc n v&mt"' T: IV-B S"WS dw omui- f. Tramiemt it i wcciput  devekgnd serere pain in ook foor bars

directional velicic tests gathered with respect to accel-
cration prufites. §
RESULTS

The seven guestions asked of cach subjest elicited the
pattera and quality of comments indicated in Table V.

TABLE V. SUBJECT RESFONSES

Acrclrrtae Frofle Nuswoer

COriestation 1 2 3 3 3 -
Rixe $3° one wone a b < d
Up 43° Lo [ 1 -t T Deoe
Tefe 43° h e woae nome rone i
Left 43° wp 33° e e e i k e
Nighk: 43° wg- 33°  mme e By e 3 =
Rigka 0° o - ] 3 b -4
Laefr 99° ~ae rome A T Y 1

2 “Slight 1ain” n crmer of Fareiwnd nting 3 e,

h “Naght pain” aleae kit car = Azl

v Complriond lattetls bet Jitesels KRG sheae abange shithom cFasges
Atrl o poerxalate sentinwlat ennttaviian.

1126 Acospec Mcdicine « Decemler 2053

jaaltest, gome i am.

Shght bead paie. ~pais about Tz o T2: transient- Jadkgw! wevvre us
~le pam at eimt of kit sapela  gvne 24 bears,

Transsent [ain ia ~odpat owiag 16 tempdes.

M pain radisting from right nilasillary Iine at Jesed of $1th 1l to
keit e crest, transient.

Flecting jecssure uader chess Belt.

Mid rom lenaath ot strap midd ol alest 05 0 T] @ mdilme
FOsIeTIof.

T knocked cat.”

“Wind kn-cced ont.™

Tain ix right call.

Tam i right cali.

“Koreked xind oot.™

Tain m vight sragerice.

“Wind barked o™

Ore prexnrese Venrttetliy ontfartion ! minwies jent-2est anl ~ee 11
e, preIest.

mF W

o

R EEETY

The complaints listed do not indicate a tokrance end-
point in any casc. All subjects responded in the afirma-
tive when asked if they woukl repeat the test. There
was wo dange in pupillan or coneal refleves after

the text. Tl pmt-tent blod pressutes showed no con-

o
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TABLE VB OMNIDIRECTIONAL VEHICLE TESTS

Dreop T: \"J Pak Onset Decay Th
Date No. Nawe Ockintatioe fmosee? (it sec) G Units (G sy (G sec) (m sec)
Profle 21
12 a2 946 LG Right 45° 590 16.3 143 119 n7 [41
121002 53 HG Forward up $5° 615 17.4 135 1073 s &
121262 oD [ Leit 43° €00 165 140 1070 261 67
1218 02 %7 AR teir 45° wp 430 399 164 176 1050 zn2 )
12 2602 a3 CF Right 45* up 33° 376 16.¢ 1 1130 239 70
1863 1043 LR Rigtz 90° 59 158 134 957 257 [3)
32363 1030 LG Left 90° €12 17.7 135 750 ) 73
Profile 22
12 o2 97 WwT Night 43* 22 19.4 7.2 1770 3o 62
121002 953 us Forwand op 45° 683 201 164 1310 432 ™
121802 2ot RE Leit 45° o35 185 165 1330 359 P
V21362 %S TE Tcft 43° op 43¢ 592 183 1.2 1300 393 [
12 %02 Lo wL Right 33° op 43¢ [SH] 183 16.0 1230 38 39
31363 1045 BM Rught 90 636 7.5 163 1260 358 )
32623 0% LA Left %0* 43 203 17.0 1210 360 &
Froile 3
12. 662 %49 E Rigks 45° ) 222 20 465 1950 ")
12.17.62 $55 TE Furwary op $3° 3 23 204 453 1100 “
12.14¢2 9262 cT Lt 43¢ 736 22 19.6 470 1079 [ 3
121962 x9 cx Left 43° wp 43° 766 222 19.4 2% 15 7
12.27.62 973 CF Bight 43° =p 43° 43 2z 20 480 300 70
21863 1036 Mo Rigte %0° 75 216 1.7 33 e n
32063 1052 FR Left 90° €72 233 183 393 0 75
Frofile 24
12. 7.62 930 EN Right 45° 813 248 233 370 1223 [
13.11-62 936 CK Forwand up 2% $13 233 23 38 1640 63
12:17-62 963 EN Left 35 863 237 232 335 1360 (2]
121962 ”c LG Left 45° op 45° 313 23 34 1 110 P
12.27-62 976 wL Right 45 up 43° 309 2390 26 573 170 [+]
3.22.03 1c47 EN Rizht %0° 219 252 212 493 1350 [
3.26-63 1053 CF Lefs 90 bl 2z 221 4% 1160 72
Frofle 23
12- 762 951 L 3 Rigoe 43° 230 269 266 393 1550 (2]
123262 o35 s Forward we $3° 346 2a0 264 (3.} 1800 6!
2262 9% HG Left 33° 345 25 234 623 1633 60
12962 971 CT Lot 43° op 43° o3 a1 253 730 1790 39
12.25-62 977 NN Right 43° op 43° 535 it 259 710 1430 «@
32263 1038 PE Rigtz 90° 374 7.0 224 €30 140 [+
3.27-63 1634 p 1 Left 90° 340 226 153 495 1018 (2]
Frafle 2%
12- 762 932 AR Right 45° 22 7s 243 127¢ “0 58
1212462 239 wT Fooward op 45° 94 31 22 ne 760 ss
12-17-82 93 NS Lefe 33° 913 276 233 1330 615 38
122062 972 PE Left 43° up 43° 25 ra pi R 1380 765 56
12-28-62 978 XR Raght 43° wp 45° 920 s 224 130 83 5
32263 1ty G Right %0° 7 %2 2. 980 578 a
22743 1083 WL Left %° ” 23 230 210 533 “
sistent change. Urinalysis post-test showed nothing re- b0 objective distinction between the microballoon and
markable. rigid couches. The subjects preferred the rigid couches,
The ¢ i showed remarkable events  but gave no clear reasons. The major factor noted in the

oaly on the following four tests.

951 Four premature ventricular contractions omne
minute post-test, abrupt rhythm changes {av
269 ft./sec., peak G 266 units, cusct 633 G
units/sec. )

965 Heart rate immediately pror to impact 116/-
min.—heart ratc, immediateiv Dost-test 36/min.—
returned to 116/min. in 5 scconds (Av 276
ft./sec., pcak 23.3 units, onset 1330 G unmits/-
sec.)

974 Two premature ventricular contractions three
minutes after test { Av 183 ft.sec.. peak G 16.0
units, onset 1230 G units/scc.)

1055 Premature ventriculas contractions 11 sec. pre-

test and 2 min. -test ( av 273 ft. sec., peak
G 23 units, onset 1210 G/sec.)

Analysis of the high-speed film data indicates. in gen-
cral, good restraint of the torso in all tests. It is not
possible to quantify the offect of the restraint system
as oppased to that of the support system. There was

high-speed film was the large displacements of the head
withintbcbclmetandofl“tli helmet itself. For a variety
of reasons, incduding muscle tension, the helmet, when
vnrestrained, lifted away from the vohide during free
fall and, consequently, received on impact a deccler-

ation substantially different from that med. This
was particularly hazardous in that the irregular surface

of the helmet was pronc to pivot around the lateral
head supports. Because of this, a twe-inch Dacron web
belt was emploved eariy in the lateral tests to restrain
the hehaet shell. The sic-size linear svstem employed
in the h~Imet, even with an optimal fit, does not achieve
a coupling oetween head, licer, and shell which is de-
sirable for impact accelerations. This is manifested by
a rotation of the head in the liner and a rotation of the
liner in the shell. From the film data it was concludéd
that this displacement was primarily due to lack of
support in the carphone arca. The carpbones were re-
moved il vimd foam inserts substituted sufficient to
achieve a contacd it in this area during ad after the 3rd
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test in the left 45° orientation. This mﬁ(:ldz‘if:a!mq sub-
stantially decreased ali degrees of L2ad displacement
and prompted favorable comments from the subjects.
The restrained helmet caused somne limitation of mo-
tion of the head in the spiral axis. From the displace-
ments seen in the hig £lm data, it can be con-
cluded that such limitation is not desirable because it
cauw; an exaggerated nod of the lr-ad within the hel-
mct.'l‘hisdiscns;ionishscdmmwhmdonﬁwgw-
cral principle (hat preventing displacement prevents
er al ion and on the other hand on the assump-
tion that motion of the head relative to the body is
undesirable because of the stress it imposes on the
vertebrae. q ofthe
The power dersity spectra six acceleration pro-
filles are presented in Figure 8. According to the pre-
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Fig. 9. Mechanical respuene analysis.
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vious discussion, the power density spectrum is a
represeraation of the amounts of all freqquency compo-
nenls present in the input. It also has considerable gen-
erality in that time pattems which may be vastly
different can have the same amount of various fre-
quency companents and, consequentiy, the same power
density spectrum. Thiz means that arbitrary time pat-
tems which are only cpproximately comparable by
means of fitting with triangles and trapesoids can be
reduced to the common denominator of the power dens-
ity specttum. In particular, it is possible that the de-
velopment of tolerability standards in tenms of power
density spectra, such as reported here, may eventually
enable the characterization of an arbitrary acceleration
pan:;em with regard to tolerability by the process of
finding its ver density spectrum and comparing it
to megsmm; et pne

A typical analysis result is shown in Figure 9. This
figure contains plots of the magnitude of the Fouricr
Transforms of acceleration, impedance (natural loga-
rithm), and the unﬁdance (natural logurithm) of a
mass equivalent to the subject. The phase angle of the
impedance is also plotted. The abscissa is a logaritlnic
frequency scale.

Althoagh the results of this analysis are preliminary
:1;;(!l extensive verification has not been completed, sev-
cral trends have emerged. The impedance magnitude
deviates slightly from the impedance magnitud%n:)f an
cquivalent mass. The phase angh of the impedance also
deviates slightly from 90°, particularly at the resonances

i below, again indicating that the mass has
predominated. B:oad, Jow resonances occur at approxi-
mately 35, 55, 7.2, and 11.7 cveles per second. There is
wo gross distinction in the impedance magnitude nor
in the phase angle among the various orientations
studied.

These results indicate that the subject impedance
increases approximately lincarly with frequency up to
about 35 cydes per second. This analvsis is not valid
Levond this point because the velocity pulse does not
contain significant components beyond 35 cps. These
results mean that for a given magnitude of acceleration
input, the subject will absorb more vower from the
higher frequency com; ts. In fact, since the phase
angle is close to 90°, the subject has not dissipated very
much puwer but most of that which is dissipated is at
the higher frequendics. Therefore, on this basis it may
be said that it is desirable in impact protection to at-
tenuate high-frequency components of the acceleration
pulse.

SUMMARY

The results of this testing indicate a set of impact
conditions which are tolerable. The tests have been per-
formed in such a2 way as to have a maximum of gener-
ality. The influence of the restraint system and the
helmet are quantitatively unknown factoss.

There is considerable: indication that the head will
present a problens in tolezance to impact aceeleration
patterns as morce severe res are investigated.
There is, however, no hasis in these results for i forecast
of any probable or alnolute injury levd.




<y >

2]

HUMAN RESPONSE TO SEVERAL IMPACT ACCELERATIONM ORIENTATIONS AND PATTERNS-WEIS ET AL

Prchminary results of a mathematical analysis have
been presented, and the trends indicate that it’is desir-
able to attenuate high-frequency components of the ac-
celeration pulse in impact protection.

The power density spectrum of the input ac *:ra-
tions have been ted and discussed as a method
of approaching the problem of determining the toler-
ability of an arbitrary acceleration pattern.
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