Lateral Impact Studies

Lap Belt Shoulder Harness Investigations

ALBERT V. ZABOROWSKI!

ABSTRACT -

A series of controlled deceleration experiments was performed
with 52 young human male volunteers to determine, if pos-
sible, human tolerance to lateral impacts while restrained with
a combination seat belt and torso (two straps attached to the
seat at the shoulder line, passed over the shoulders paraliel
to the vertebral column and attached to the lap belt) harness.
The subjects were exposed in 87 different experiments at aver-
age impact G's of 4.47 to 11.59 and durations of 0.22 to 0.09

seconds, respectively. No permanent physiological changes were
noted.

Minor subjective physical complaints were reported by more
than 60% of the subjects when exposed to 8.8 average G’s oc
more. The possibility of cardiovascular involvement halted the
experiments after two subjects were exposed to the 11.59 aver- -
age G pattern (12 G series).

INTRODUCTION

Everyday usage in aircraft and ground vehicles has shown that the lap belt

provides maximum restraint with simplicity of design. The simple lap belt is
an cffective restraining device when used within a limited deceleration range,
in the forward facing position {5, 4]. ‘

The lap belt has serious limitations when used under conditions of lateral
impact [7].

The next basic restraining system uses a simple lap belt and adds some form
of upper torso restraint. The two most common upper torso restraint configura-
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tions arc: over the shoulder hamesses (often attached at one end to the lap
belt itsclf) and a single strap used in a bandolicr fashion. The characteristics of
both configurations have been described by [6} for the shoulder harness and
[2] for the bandolier under conditions of full forward facing impact.

The military makes extensive usc of the basic over-the-shoulder design and
often the conditions of use are such that pure lateral loads are imposed on the
restrained subject. These loads may be expericnced in spacecraft and aireraft
lateral oscillations. Lateral impact is possible with encapsulated cjection systems
on landing. The conditions here may be likened to intersection collisions of
automobiles.

PURPOSE

Limited investigations have been reported on studies in lateral impacts with
human volunteers and, in all cases, the upper torso restraints have varied and
comparison is difficult [1]. _ .

The purpose of this study is to investigate and, if possible, to define liuman
tolerance to lateral impact with the subject being restrained with a simple lap
belt and over-the-shoulder harness configuration, Human tolerance as defined

for this study is based on kinematic motion and physiological endpoints. .

These endpoints are defined as follows:

a. Abnormal changes from a pretun medical examination that includes
evaluation of the musculoskeletal, cardiovascular, respiratory, and nervous sys-
tems.

b. Abnormal physiclogic changes as indicated on the electrocardiogram
and blood pressure records taken during the experiment.

c. Excessive vertebral column flexion, especially in the neck as recorded by
motion pictures.

d. Report§ of discomfort by subjects or persistent localized pain.

MATERIALS
This series of experiments required the use of:
a. A controllable reproducible deceleration device.

b. A system for recording physiological, physical, and kinematic data for
later analysis.

¢. A group of volunteer human subjects.

The deceleration device used was a 6571st Aeromedical Research Laboratory
Biodynamics Branch, crash restraint demonstrator commonly known as the
Bopper. (Figure 1} The Bopper is a bungee propelled seat-sled system with
a programmable mechanical friction brake. The seat was positioned with the
back parallel to the direction of travel and the subject so faced that his left
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EIGURE 1. The Bopper Facility

shoulder pointed-in the direction of travel. The seat belt dimensions specificd
in military specifications: Seat, Upward, Ejection, Aircraft, MIL-5-9479
(USAT') 19 Mar 1954 with a 12° seat back angle. The seat shown has a 30°
Icft sidc plate modification and a right butt plate. The function of the left side
plate was to provide safety for the subject in a previous series of tests and, be-
cause of weight considerations, was not removed for this particular serics. The
right butt plate assisted the subject in maintaining an upright position during
the acceleration’ of the run.

The subject was restrained by a lap belt and over-theshoulder hamess that
was fabricated with two layers of three-inch wide polyester with nylon filling a
single twill weave Type IV Webbing of 8700 lbs breaking strength. The web-
bing conforms to military specifications MIL-VW-25361. The webbing was sewn
with the quarter-inch spaced stitching, quarter-inch parallel to each edge and
in a diagonal diamond shape on three-inch centers. Two over-the-shoulder
harness straps were used with loops at one end through which a lap belt was
continuously passed. The lap belt and free end of the shoulder harness were
then securely attached to the seat,

Physical data were recorded from strain gage type accclerometers fixed to
the sled and attached to the subject. All accelerometers were oriented into three
primary axes. For the sled system X direction is a vector in the direction of
travel, Y is 90° perpendicular to X in the horizontal plane and pointing right,
while Z is in the vertical plane pointing upwards 90° from X. To the subject,
the X direction is perpendicular to the anterior-posterior plane, and the same
relationship of Y to X and Z to X exists as deseribed-for the sled.
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The sled was instromented with a single acceleromceter for the X veetor.
Statham Type A-6 acccleromcters were used in all cascs on the sled. Subjects
{Figure 2) were instrumented both for chest and head accclerations. Strapped
tightly over the subject’s sternum was a triaxial aceclerometer pack of the Stath-
am ‘Type A-6. An adjustable harncss was designed and fabricated to hold a tri-
asial pack of A-52 acccleromcters over the right temporal tegion of the head.

All aceclerometer transducer data were recorded on a Consalidated Lilectro-
dynamics Oscillograph Type 5119 and cquipped with 135 cps galvanometers
for the acccleration traces with a paper speed of 63 inches per second (2.06
nicters per sceond ).

Kinematic data were recorded with 16 mim Ippolito high speed camcras
operating at 2,000 frames per second. The cameras were positioned to photo-
graph a top and front view of the subject in the deccleration brake arca.

Subject’s physiological responsés were micasured with instrumentation for
blood pressure and electrocardiogram.

The automatic blood pressure system is an in-house contractor developed
device by Dynalcctron, Inc., using an automatically inflatable cuff and sensor
microphone. The assembly was attached to the subject’s right upper arm.

The electrocardiograph is a single channel system with clectrodes located
over the sternum and on the lower back at L-5. The ground lead is placed over
the thoracic vertebra at T-8, Sanborn Redux electrode paste was used, and the
electrodes were attached with tape. All physiological data were recorded on a
Sanborm 305 unit with a paper speed of 25 mm per second.

SUBJECTS

This series of 87 different tests required 52 male Air Force volunteers with
an average age of 23.6 years, a range of 20 to 43 ycas. All subjects had under-
gone a rigorous physical examination (AF Class II Flight Physical) and addi-
tional tests. These tests were radiographic examinations of the spine, tonemetric
cxamination of the eye, and baseline clectroencephalogram.

A serics of tests were scheduled beginning with a 4G platean deceleration
pattern and continuing on at 2 G increments until the tolerance level based
on the established criteria had been reached.

The Bopper brake was set and calibration runs were made with an Alderson
Anthropomorphic Dummy Model F50 instrumented with external accelerom-
cters to establish the specific brake pattern. Deceleration profile data was ob-
tained from the sled mounted accelerometer.

The subjects were instructed to be well rested and not have taken any
solids or fluids since midnight preceding the test day. In general, experiments
were scheduled beginning at 8 AM and 20 to 25 tests in any particular series
were scheduled for any one day.

On arrival at the test site, the pre-run physical examination was accom-
plished. The subject was instrumented for physiological data, led to the sled
and strapped in. The lap belt was fitted snugly over the iliac crests of the pelvis
and secured in place. The over-theshoulder harness was then positioned with
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the straps paraliel, The straps were pulled taut by technicians and clam.pcd in
position. ‘I'hc subjeet was given instructions on riding position; that is, fold
* his hands clasped in his lap and to try to maintain, if possible, a semi-rclaxed
position scated upright. Calibrations were performed and a completed scries
of clectronic physiological data was made. A bricf countdown procedure was
then initiated of 20 scconds duration during which time all instrumcntation
was operating and continued operating for approximatcly 40 scconds post-
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FIGURE 2. The Instrumented Subject in Pasition in the Sear just Prior to the Test
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impact. The sled system was then fired (Figure 3) and immediately after impact
the Tap belt and shoulder haress was loosened. Post-run calibrations were made
and physiological data collected. Total time of the experiment, in general, was
approximately three minutes. The subject was then relcased from the scat and
the post-tun physical examination was completed. The subject then reported
his experienees and after effects in the subjective report 72 hours post-run.

I'ive scries of runs were scheduled with 20 tests accomplished at the + G
serics, 20 at the 6 G, 25 at the 8 G, 20 at the 10 G, and 2 at the 12 G serics.
{Figures 4, 5,6, 7). ' ’

FIGURE 3. The Subject During Impact
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Some subjeets rode in more than onc experiment but never at the same
“level or with an interval less than one month between tests.

DISCUSSION

The physiological data, in general, indicates that there were no important
ditfcrences in Pre- and Post-Physiological Responses, Heart Rates, and Blood
Pressures (Fignres 8 and 9) with the exception of subject RR (Run No.

3109) whose recovery was considerably longer than the usual for experiments
of this type. The subject’s heart rate and blood pressure usuaily return to aver-
age published normals within a two minute period after exposure to deccleration
.even though during the experiment itsclf they may exceed average normal valucs
momentarily. Subject RR showed a marked decrease in blood pressure and
heart rate. The automatic physiological data acquisition system did not record
a uscable blood pressure immediately post-run (420 sec) but at -+40 scconds
the subject’s blood pressure was 70/30 mm 1Ig and his pulse at +3 beats/min-
ute. Approximately one minute post-run he had fainted in the scat, and at
this time his blood pressure could not be detected with the sphygmoemanometer.
His pulsc rate was down to 20-30 beats/minute. Recovery was rapid and within
5 minutes after being laid in a supine position the subject revived. Blood pres-
sures of 104/72 mmHg and a pulse of 72 beats/minute was recorded then. /
The subject’s immediate complaints were of nausea, dizziness, and impinge-
ment of the left shoulder strap on the left side of the neck. e *
-.__—Unpublished data recently gathered (Zaborowski, Brown) in other ]atcmﬂ
impact studies indicate that sustained relative bradycardia_may result from-==
lateral impacts. Generally, the subject returns to his pre-experiment heart rate
within 20 seconds. Since the mechanism of bradycardia in relation to impact has
not yet been adequately defined, the medical decision was made to halt the test
scries.

Cliest to sled acceleration ratios [3] that are determined from chest pack
accclerometer vector sums and sled accelerations increase in value (Figure 10)
from a mean of 1.34 to 1.75 for the 4 to 10 G series, and the two isolated cases
in the 12 G series recorded an average of 1.92. The head to chest ratios as
determined from the head mounted accelerometer pack and the chest pack
remain rclatively stable at 1.15,

- When the body is rcpresented as a mathematical model consisting of
lumped masses, viscous dampers and linear sprinigs amplification factors greater
than two are not possible. _

The data recorded here, considering the difficulties of mounting accel-
erometers to the living human, falls within the limitations set by theory.

CONCLUSIONS

Human tolerance to lateral impact while restrained with a lap belt and
over-the-shoulder harness has been demonstrated in a limited sense,

103




[}

Y]

ik

3

- 10 $4c. 1 moacT

HEARY RATY

[]

1

0

)

B

[
ERATION (¢

T

]

K}
MEAN SLEQ DECELERATION (G)

)

]

5

WEAMM SLED DECEL:

T
-] [+
r &

(NN 7 S1vag)

ARSI,

3

¢t Heart Rates (beats/min)

j&

3
104

il

5

240
204

¢ o ©
& =2 x

(Nim £ S2v3A) 34vH  LHY3H

>
r o =4

—r._l\ nl._imnm Alvd LUvIH

[

. MEAM SLED OECELENATION (0)

L

FIGURE 8, Physiological Data—Sub




—20 BES INPALY
180 * oo, PressuAE
160 -

BLOOD PRESSURE {ww Hs)

T osvaroustl T

i

L

T heeaer T

180 1 BLOOD PREMSVRE -
1604 :
wod o

.
1204

BLOOC PRESSURE {wst He)
o @ o
¢ 9.2

2

BLOCD PRESSURE {amaHal

P
2004 PR S
T 420 SEE lweeT
1 - -3
801 "O0o PRLESURE i
! " X
wod- - -0 - o - - .
. e sratoLe
1404 ' :
3 120 3
» v . P
- ' - i,
w 100~ - - P
®
a2 1= - ' .
a
“ I .
3 Il
& 1
§ 1.
] .
® 1
. e
o2

"7 PHTHECAL TXANINATION
- - PAE- & POST WOOD PRISIURE

8
T

@
o
1

&
?

»
T

g

5 8 ¥
"MEAN SLED OEC

ELéﬂl‘l’lgl (0?

4 % & 1. 8B 9
MEAN SLED DECELERATION (0}

Figure 9. Physiological Data—Subject Blood Pressures (mmHg)

105




LIS

S T T A

PERCENT OCCURRENCE

00'] ‘ ‘ :

80" s 4 “~ e ...-_:.,..:."

6of ~ SUBJECT: COMPLAINTS ' =
ol s |

20

1G-

g
(o)

o

0.

.MEAN DECELERATION RATIO

sy i e T

L. . MEAN SLED DECELERATION

FIGURE 10. Mean

4 ' 5 6 7 @

Head Chest
ond

Chest Sled
Subject Complaints

106

'9 10 1l
(6)

Peak Deceleration Ratios and Percent Cecurrence




5

Rl St SIS SO NS NP S - e e v

|+ MEAN. !AAXIMLM:..EANGULAR DEFLECTION (DEGREE)
bvs M,EAN $LEDLJDECELERATION (G) '

kN
ot

ol

[4)]

o

o

n

<

re
Q

o

(8

A

o

MEAN MAXIMUMN ANGULAR DEFLECTION ({DEGREE)

3]

3 4 5 8 7 8 9 10 1 i
MEAN SLED DECELERATION (6)

FIGURE 11. Mean Maximum Head and Torso Angular Deflections

107




a. No permanent physiological chianges have leen rcpotted for healthy
young male volunteers while exposed to impacts of 11.59 G's average and dura-
tions of approximately 0.1 scconds.

b. Minor physical complaints, such as muscic stiffness (neck musculation),
occurred in greater than 60% of the exposures after the 8 G series (average
exposurc 8.8 G’s).

¢. The combination tap belt and over-the-shoulder Liarness is cffective in
restraining the torso at all levels tested {(maximum average 11.47 G) as shown
by 2 stabilized average torso deflection of approximately 5 degrees from the
vertical in the direction of travel, (I igure 11)

d. Head angular deflection should be considered as a possible problem area
while the torso is restrained. Subjective complaints indicatc a predominance of
ueck musculature discomfort.

¢. Chest/sled average amiﬂiﬁcation factor increascd: with increasing vehicle
decclerations reaching an average of 1.75 for the 10 G series (average 10.56 G).

f. Head/chest average amplification factor fluctuated throughout the serics
between 1.15 and 1.20.

g Exposure of voluntecrs to decelerations greater than approximatcly 12
G's laterally and time durations of Aapproximately 0.1 scconds should be jn-
vestigated with biological specimens other than man to investigate possible
. cardiovascular responses to impact. :
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APP'ENDIX
TABLE 1. Sefected Anthropometric Data
Standing Sitting
Age Weight Height [feight

Subject (yrs) (bs.}  (kg) (in.)  (em.) (in.) (em,)

CRA . 25 135 61.37 685 174 356 89.8

DNA .. 29 1285 5841 651 1653 327 832

GVA 26 119 54.09 648 164.7 349 886

JLA e 30 150 68.18 657 169.9 354 895

ISA . - 23 195 88.64 716 1818 . 336 903

MPA . 20 135 61.37 676 1719 358 910

WNA . 35 197 89.53 9.8 1773 - 356 905

CTB .. - 26 1748 7946 743 188.8 37.2 945

JRB e 24 130 59.09 71.0  180.6 351 892

L 22 184 83.64 72.3 1837 - 371 948

: CB_}_B/ 32 171 71.73 67.7 1746 338 909
T . 23 156 70.91 710 180.4 3641 925

WDB . 25 195 85.64 709  180.2 37.0 940

WKB .. w31 140.5  63.87 679 1725 348  83.4

CAC . 34 152 69.09 67.1 1705 344 873

CGAC i 22 1795 8L.60 658 1672 356 903

Gwe . - 21 1745 7932 674 1712 356 903

LFC i 25 129 58.64 680 1727 3+9 887

PLC o 22 140 63.64 W07 1796 351 89.2

WCC . . 27 i8l5 8230 66.3  168.3 316 878

RWD . 29 1655  75.23 654 166.2 33.7 907

JEE i 22 168.5  76.60 706 179.2 372 946

Jor .. .. 25 179.5  8L.39 69.1 1755 339 913

JUF s 26 160 7273 68.7 1747 344 873

DF v . 23 1353 6150 7.7 1820 339 013

YSF . 26 2083  94.77 677 1720 356 903

GAG 27 178 80.91 679 1721 362 920

CWH 25 156.5  71.14 708 179.8 3685 936

Y - 173 78.64 69.1 1756 345 883

33 1823 82,36 7L7 1821 363 923

20 134 70.00 674 1712 352 893
109




TABLE 1. Selected Anthropometric Data {Cont.)

Standing Sitting i
Age Weight Height Height
Subject (1hs.) (kg (in}  (em.) (in.)  (cm)

AAK 197.5  §9.75 716 1518 364 925 i
BDL 154 70.00 666 1693 356 904
GEM 163 1 74.09 675 1713 335 90.1
TWM 160 72.7 69.5 1766 357 908
157 7136 714 1513 374 950

164 7455 699 177 354 §9.8 _

191 86.82 69.1  173.4 361 917 '

159 7218 68.1 1730 361 917 :

203 92.18 715 1818 363 924 '
1508 68.6 701 1731 368 933
179 8137 699 1777 360 913
125 56.82 664 1687 351 89.2
141 6409 683 1733 332 §4.3
179 8137 71.77 1823 362 920
1465 66.59 69.17 1753 355 903
169.0  76.82 707 1796 368 933
140 6364 - 686 1742 35.6 905
1628  69.8 69.8  177.4 377 958
163 74.09 708 1799 372 944
146 63.64 66.1 1699 352 893
W 32 185 84.09 706 1794 362 920
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TABLE 2. Physicol Data Sled Decelerations

4 G Senics

Run : Velocity Stopping Distance Sled Onsct G
Numbher ft/see m/sec ft. meters Sled G (G/sec)
708 e 13,3 4,66 2.08 T 5.05 238
2709 .. 15.1 {60 210 6+ 495 256
710 .. 147 448 208 - 6 5.15 254
k3 ) ST 15.0 457 2.10 64 4.59 256
712 . .. 138 4.21 2.10 6F 3.69 200
2713 o 14.8 451 2.06 63 465 230
v} SR 14.4 439 2.10 64 4.51 234
2715 142 433 2.09 64 433 217
2716 ... . 138 421 . 213 .63 371 215
717 . 14.8 451 2.10 64. 4.89 237
2719 .. 15.2 463 - 210 64 4.38 140
2720 .. 14.6 445 2.09 64 4.36 259
2721 . ., 158 4.82 210 .- .64 4.84 233
2722 ... . 139 4.24 2.08 64 395 - 231
2723 ... 14.5 442 210 - 6+ 369 199
2726 . 14.7 4.48 2.08 64 . 446 . 189
2727 14.3 451 2.06 63 - 390 221
2728 14.8 4.51 2.10 64 4.77 250
2729 . L 153 4.66 2.10 64 4.59 199
2730 e N/R® 2.10 G4 450 234
MaX oo 138 4.82 2.13 65 5.15 28+4
Min ... . 138 4.21 2.06 63 3.69 140
Average e 1471 44848 20957 6388 447 228.6

* Not Recorded.
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TABLE 3. Physical Dota Sled Decelerations
6 G Serics

Run Velocity _Etﬂpping Distance Sled Onset G
Number ft/scc m/sec ft. meters Sled G (Grsec) |
2741 15.0 457 1.08 33 8.41 227
2742 147 . 44% 1.06 . 32 805, 23—
2743 14 442 1.0% 33 746 203
2750 15.5 473 131 A0 6.90 153
2751 144 4.39 1.29 39 6.87 198
3752 15.6 4.76 1.23 3 7.16 426
2753 15.2 4.63 1.29 .39 6.30 381
2754 15.7 4.79 1.29 39 6.88 425
2755 15.0 457 1.31 40 7.30 575
2756 155 ‘}?.73 131 40 7.06 422
2760 . 14.3 4,36 146 A4 © 372 336
2761 151 4.60 1.44 A4 5.86 377
2762 14.6 4.45 146 44 6.01 411
2763 13.7 4.18 1.44 A4 6.07 386
1764 4.2 4.33 1.48 A5 5.81 400
2765 14.0 4.27 T4 44 6.18 367
2766 ... - 146 4,45 1.48 45 6.02 408
1Y R &%) 4.24 1.4+ A4 6.19 430
2768 cersreseninien 14,8 4.45 1,52 46 5.97 417
LA § G T X, 4.39 1.48 45 6.12 33
Max e 13,7 47865 1.52 .4%34 841 575 ‘
MiR s 137 4.1768 1.063 .B'fi() 5.72 183 ‘
AVERIgE i 1473 4.4892 1.3447 4099 6.6+4 363.2

54\’{ :
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TABLE 4. Physical Dota Sled Decelerations

8 G Scrics
Run Velocity Stopping Distance Sled Ousct G
Number ft/sec m/sce ft. meters Sled G (G/sec)
460 * 92 28 8.50 83
439 92 8 868 316
4.60 91 Z 9,42 356
451 94 zg 5.29 596
9 45 9+ W9 87 613
2788 ... . 139 {424 98 - .30 837 401 ;
7 13 EXS 92 28 8.32 357 ]
445 88 27 9.58 521
473 96 29 9.31 384
(439 94 29 8.71 519
145 92 /28 8.96 611
4.45 92 1,28 8.62 570
pa 94 29 866 521
2800 . 149 454 94 29 8.43 554
\ 433 96 .29 8.57 332
#5] 94 .29 7.70 267
4.66 94 29 9.26 374
470 93 28 962 383 . -
4.45 92 28 9.34 268
451 94 .29 9.00 268
448 94 .29 8.81 263 :
4.21 92 28 8.36 302
442 92 .28 9.18 340
4.66 94 29 8.63 . 349 :
4.45 94 .29 " 8.84 314 : :
o B . i
4.73 98 .30 9.62 615 :
4.21 875 .27 7.70 263 i
- 4.489 93 28 8.80 420092
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TABLE 5. Physical Data Sled Decelerations
10 G Scrics
Run _..M_ EM Sled Onset G
~ Number ft/sce m/scc ft. meters  Sled G (Grsec)
14.2 4337 79 9.40 532 |
14.2 +.33 75 10.37 548
134 409 1 10.28 537
138 - 421 75 2 9.92 534
13.6 Al 23 2 Q.46 A9
e 136 415 73 Qs\ 992 554
13.5 73 I3 1010 444
73 2 10.54 501
73 21 11.51 364
75 23 11.60 391
71 22 1026 310
73 12 L33 317
73 22 12.18 360
75 23 10.85 353
73 22 10.3¢. 310
75 23 11.37 354
75 23 979 306
75 .23 9.49 275
73 22 11.21 342
73 .22 11.18 333
79 24 12.18 554
73 22 9.40 275
74 23 10.56 408.2
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TABLE &, Physical Data Sled Decelerations
12 G Scries

Run __ Velocity _blr:‘;?_h*"ping Distance Sled Onset G
Number ft/sec m/sec ft. meters Sled G (Grsee)
3108 ... ) . 133 4.05 .63 19 1144 1013
3109 . 14,6 445 .60 18 .74 1162
MaX s 146 443 63 19 1.7+ 1162
Min 133 4.03 .60 A8 1144 1013
Avcrage 13.95 4.25 61 19 11.59 1088.5
TAEBLE 7. Physical Data Subject Decelerations
+ G Serics.
Chest llead  Head . & Chest G
Run Onset G Onset G- Ratio Ratio
Number Chest G (Grsec) Mead G (Grsec) Chest G Sled G
6.71 179 7.89 77 117 133
4.87 114 6.31 71 1,29 0.98
6.80 100 6.05 80 85 1.32
6.50 148 7.81 52 1.20 1.70
5.88 116 7.21 61 1.22 1.59
5,79 114 10.21 139 1.76 1.24
5.73 134 6.33 76 1.10 1.26
84 6.45 107 1.10 1.35
54 5.51 79 1.18 1.25
_______ 126 ——T44-.._ 112 L2601 21 -
144 7.61 76 1.13 1.38
75 - 601 51 1.01 1.36
86 9.14 113 144 1.31
69 5.84 85 117 . 1.26
78 7.03% 121 1.38 1.38
208 5.70 84 99 1.29
121 8.0% 26 1.42 1.45
159 7.20 55 1.15 1.31
161 7.82 79 1.2 33
216 6.27 80 95 147
216 0.21 139 1.76 1.70
54 5.51 26 0.58 0.95
1243 7.1 85.85 1.20 1.34
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TABLE 8. Physical Date Subject Decelerations
6 G Scries
Chest Iead {lead G Chest G
Run Onsct G Ouset G Ratio Ratio
Number Chest G (G/see)  Tead G (Grsee) Clest G Sled G
274 13.72 I3 1347 499 98 1\63
2742 ... 1332 282 2116 932 __._j{.ss—m__;ﬁ;—-~-_-—h.m_.
RrYE R § WY 188 1360 , 255 .19 i53
2750 ... 652 5.19 105 ‘94 1.26
751 155 8.51 156 1.00 1.2
2752 251 10.21 393 93 1.53
2753 375 900 411 92 145 i
2754 172 9.66 110 Sl 1.3+
2755 o, 10.07 261 13.48 324 134 1.3
2756 339 9.37 241 1.00 1.57
2760 . 6.07 670 692 - 40 1.14 1.(*:
2761 oo, 787 291 9.44 165 119 1.34
2762 546 1045 36 0 13 1.35
114 7.89 46 1.47 85
94 443 95 ST 1.06
188 7.80 285 99 1.27
99 9.66 937 1.35 1.19
377 11.73 354 141 1.34
287 9.17 256 1.33 115
2770 e, 713 219 7.56 13 1.06 1.16
| i,
Max . 1372 670 2116 937 1.58 1.65
Min 94 4.44 40 072 0.51
Average ... 8.36 303.65 10.09 303.75 114 1.32
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TABLE 9. Physical Data Subject Decelerations
8 G Scries

Chest Head  Head G " Chest G
Run Onsct G Onset G atio Ratio
Number Chest G (Grsee)  1lead G (Gesee)  Chest G Sled G
7783 414 13.16 346 1.26. 1.77
2754 o 269 11.39 321 93 1.40
1785 499 14.46 239 1.01 1.52
2786 o 499 15.63 352 1.19 1.5%
2787 . . 363 2310 1444 1.70 1.55
2788 11.06 1150 1203220 . 108 . 129
2789 . 992 553 14.90 373 1450 1.19
2790 372 16.37 427 110 1.55
2791 868 18.91 391 154 t1.32
2792 e 344 13.01 275 1.20 1.24
2793 453 24.78 651 175 1.58
2794 574 13.84 289 99 161
2795 411 12.00 175 94 138
2800 176 12.45 203 1.07 .37
2801 403 955 84 7 1.55
2502 140 1255 120 133 122
2503 e 14 348 14.48 189 99 - 1.58
2504 oo 1465 266 12.15 128 .82 132
2805 ; --196 ° 19.05 281 127 1.43
2806 .. 236 16.71 194 124 1.50
2807 172 12.23 170 LI 1.25
2808 o 150 14.33 193 135 | 1.27
2809 . 325 14.68 163 114/ 140
2810 ... 13.51 230 1491 149 118 156
281 12.38 212 19.01 200 153 /140

i t
Max ... 14.83 1180 2478 1444 175 ©L 161
Min k. 940 150 9.55 84 71 1.19
Average ... 12.58 38612 15.02 303.08 1.19 y42
{
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TABLE 11, Physical Data Subject Decelerations
12 G Serics

Chest Ticad  Ifcad C Chest G
Run Onsct G Onsct G Ratio Ratio
Number Chest G (Grsec) Head G (Grsec) Chost G Sled G
3108 17.55 441 24.72 623 1.41 1.53
3109 ... 2671 800 18.63 1050 71 2.28
Max o 26,71 800 '24.72 1050 141 2.28
Min 17.5% 441 18.63 625 1 153
Average ... 22.13 6205  21.68 837.5 1.06 9

TABLE 12. Physical Position Data
4 G Scries
Tarso Head ITead-Torso
Run Deficction Deflection Deflection
Number . {degrees): (degrees) (degrees)
2708 8 5 -3
2709 5 i2 7
2710 7 18 11
2711 4 29 25
2712 5 34 29
2713 8 31 23
2714 3 22 19
2715 8 19 11
2716 1 10 -1
2717 2z iz 10
2719 8 43 33
2720 6 17 11
2721 6 26 20
2722 ] 37 32
2723 8 33 25
2726 9 13 4
2727 6 14 8
2728 6 19 13
2729 10 22 12
2730 8 32 24
Max 11 43 32
Min 0 5 -3
Average 6.4 2215 15735
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TABLE 10. Physicol Dota Subject Decelarations

10 G Series
Chut Hcad lIcad C Chest G
Run Quset G Onset G atio Ratio
Nuwmber Chest G (Grsee)  Tead G {(Grsec) ChestG Sled G
3069 ... 15.83 330 17.16 1397 1.08 1.65%
3072 . 17.83 1042 14.54 , 1041 .83 72
3073 18.34 393 2335 857 127 1.75
3074 19.83 554 17.68 613 .59 1.99
L367s 492 855 2623 164 175 1.5%
30760 15.80 4127 1880 516 118 1.539
377 e 16,21 456 16.06 503 99 1.60
3078 s 1544 979 19.17 49 1.24 146
3079 23.15 517 17.08 210 1.33 2.01
3080 23.84 603 24.37 375 1.02 2.06
3051 . 10.71 470 15.72 295 94 1.63
3082 19.97 294 2142 602 1.07 176
3083 ... 23.26 772 45.41 1239 195 1.91
3034 . 1912 548 15.18 171 .79 176
3085 17.65 293 17.28 245 97 CLTE
3086 . 21.80 1200 18.08 476 83 1.92
MQ 279 17.12 485 Loq 173
3088 . 13.63 190 1245 125 91 L4
3089 ... 18.26 406 21.22 243 1.1 1.63
3090 22.59 378 18.82 237 .83 2.02
Max ... 23.34 1200 45.41 1642 1.95 2.06
Min .. 13.63 190 12.45 125 0.79
Average ... 18.56 550.15 19.87 596.15 1.10 173
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TABLE 13, Physical Position Data

6 G Scrics

Thnrso iTead Head Torso

Defiection Deflection Deflection

(degrees) (degrees) {degrees)
.................... 4 61 57
................ 11 56 13
......... 6 57 51
2 , H‘ 12
8 34 26
............ -3 35 38
....... ¢ 22 22
- 5 .32 27
5 24 19
S 29 24
4 29 25
10 9 19
3 29 26
0 8 8
1 33 32
5 45 40
2 29 27
4 28 24
11 61 57
. =3 8 8
4 33 29
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Run
Numni

2783
275+
2785
2786
2787
2788
2789
2790
2791
2792
2793
2794
2795
2800
2801
2502
2803
28504 .
2505
2806 .
2807 .
2808 .
2509

2510 .
2811 .

Max .
Min ...
Average
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TABLE 14. Physicel Position Dota

8 G Series

Torso Head Head Forso
Run Deftection Deflection Deflection
Number (degrces) {degrces) {degrecs)
2783 =5 32 37
2734 -1 43 4+
2785 ' 5 27 22
2786 3 41 38
2787 ... 2 29 7
2788 4 34 30
2789 2 31 29
2790 3 45 42
2791 6 62 56
2792 1 36 35
2793 6 63 57
2794 1 22 21
2795 —1 14 13
2300 4 31 27
2801 1 20 19
2802 —2 31 33
2803 -7 47 40
2504 7 26 19
2805 10 50 40
2806 2 31 29
2807 13 42 29
2808 5 29 24
2809 - 6 29 23
2810 1 45 44
2811 9 30 21
Max 13 62. 57
Min -5 22 19
Avetage .. 3.56 35.6 32.04
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TABLE 15. Physicai Pasition Dota

10 G Series
:_;_'—“—-_.___‘_"ﬁ'—*—‘—‘-—“"_qﬁ—"—-_._____h“ HHHHHHH ...__.________,m_:_ﬁ__-‘_‘_-*__——-____‘_‘__‘__‘*-_-_‘—__# _"—-__-::. "::-.*:
Torso Iead Ilead-Forso
Run Deflection Defleetion Deflection
Number (degrees) (degrees) {degrees)
.5 15 11
1 19 15
9 48 39
3 43 40
10 44 - 34
4 44 0
6 34 28
3 34 31
2 - 34 32
4 46 42
7 42 33
4 34 _ 30
3 66 63
5 30 - 23
3 17 14
8 59 51
3 33 30
10 28 - 18
1 45 44
1] 141 41

10 59 63
0 15 11
4.5 37.8 ’ 333

TABLE 14, Physical Position Data

12 G Series
__\. S
Torso Ilead Head- Torse
Run .

Deficetion Dcflection Deflection
Number (degrees) {degrees) (degrees)

Only one data point avajlable,
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