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16 Abstract

The objectives of the testing program were:

{a) evaluate the effectiveness and performance of the "Inflataband'
restraint systerm as a viable method of occupant protection in a simulated
head-on automotive crash, and

(b} evaluate the kinematic performance of anthropometric dummies and
human volunteers under simulated inmpact conditions when restrained by the
"Inflataband,

The program formulated to satisfy the objectives consisted of 69 dynamic
gled t (30 dummy tests and 39 human tests). Test results indicate that
(1) the "Inflataband” previde*‘/@cceptable restraint for the impact mode

utilized and (2) that the dummy response to impact is more cxaggerated than
that observed with the human volunteers, but the discrepancies diminish
with increasing impact severity,
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I. INTRODUCTION

The objectives of this program as stated in the work statement
have been:

1. Evaluate the effectiveness and performance of the "Inflataband!’
restraint system as a viable method of protecting drivers and passengers
invelved in the head-on automotive crash environment,

2. Evaluate the kinematic performance of the anthropometric
dummies and volunteer human subjects under simulated impact conditions
when restrained by the system mentioned above,

In any program involving the use of human volunteers, every
effort must be made to ensure the rights and welfare of the subject above
and beyond the successful completion of program objectives., To accomplish
the task, a test program was designed containing many essential features of
previous successful human volunteer programs,

The information contained in the final report describes work
accomplished during the chronological interval of February 21, 1975 10
May 16, 1975, This volume summarizes the results of 69 dynamic sled
tests representing 30 dummy tests and 39 human tests,
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II. SUMMARY AND CONCLUSIONQ

The program was conducted to completion as planned without
major incident, In every test, the primary system functioned in a satis-
factory manner and displayed the essential characteristics required of
an effective restraint system. System activation and restraining forces
were accomplished with minimal expenditure of time. As witnessed by
the absence of significant trauma in the human volunteers, impact loads
were effectively distributed over the chest and abdomen, Cccecupant
kinematics were controlled by the system in such a manner that
submariniang during impact was minimal, and the displacerent of vul -
nerable body elements were within the interior constraints of the vehicle
simulated.

Injuries to the human subjects consisted primarily of mild
erythema to the face and neck: at the higher impact severities, some
residual neck soreness was documented in the post-impact evaluation forms
completed by the volunteers, In terms of existing human tolerance criteria
(head severity index - HSI, chest severity index - CSI, and head injury
criterion - HIC) and observed injury, the Inflatabandl™M provided effective
occupant restraint in simulated head-on collisions for which the total
velocity change was equivalent to a 30 mph barrier collision; however,
conditions were so precisely controlled that the results represent the best
possible situation which in reality may rarecly exist, The influence of
such variables as occupant physical condition, age, size, pre-impact

position, muscle tone at impact, impact direction, ete. cannot be over-
emphasized. It must also be recognized that the system as tested Wa S
purely a prototype and was not without operational problems as obscrved
during the program. To be a production item, modification will be required.

When comparing the results of dummy tests with the results of
human tests, the first notable discrepancy occurred in the kinematic
response to impact, BDecause of the presence of muscle tone, the typical
human response to impact was more subdued than that of the dummy. The
test r is (1181, CsI, HIC, belt loads) for the low and intermediate inmpact
severities indicate that the anthropometric dummies! response to impact
were conservative estimates of human response; however, at the higher
levels (31 mph/49, 9 kph sled total av), the dummmy and huran severity
indicators converged to similar values indicating a potential threshold
(for the system tested) above which muscle tone may not be as significant
as 2t the lower impact severities,




71, EVALUATION PROGRAM

The program as conducted at SwRI was divided into three (3)
phases. The first phase consisted of the review of system testing results
with dummies conducted at NADC, Philadelphia and a design review of the
Inflataband TM, Prior to the first human test, all pressure components
were proof tested to 10,000 psi (7031 kgs/mn?‘}. Critical load carrying
components were tested to failure on tensile testing machines to document
strength characteristics. These initial efforts were followed by sled
tests for the purpose of qualifying the system for human testing. Dummy
tests using three (3) dummy types (5th percentile female, 50th percentile
male, and 95th percentile male) were conducted at a nominal total velocity
change of 32,5 mph (52.3 kph) and peak sled deceleration of 20 g's. Test
results were carefully reviewed in order to ascertain potential hazards
and operational problems.

The second phase was devoted to volunteer selection and indoctri-
nation, In order to satisfy the doctrine of informed consent, all medically
approved volunteers were given the opportunity to view the high speed film
of a representative dummy test and experience a dynamic test (with
deployment) at a nominal 8.5 mph (13.7 kph) sled velocity change.

The third phase, denoted as production testing, incorporated the
stepped-severity technique in which human subjects were exposed to
increasingly severe impact environments. Beginning at 12,5 mph (20, 1
kphl, tests were conducted at nine different impact severity levels, cach
step being 2.5 waph (4,0 kph) greater in velocity change than the previous
step. Bach test series contained five (5) tests; the first two tests were
conducted with anthropometric dummies followed by three (3) human tests.



IV, PROGRAM RESUILTS

Program results are presented in the form of tabulated data
sheets (Table 1), and curves indicative of occupant response as a function
of impact (Figure 1), These items summarize information derived from
the analog transducer signals., Medical observations are documented in
Tables 2 and 3.
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TABLY 3

Trh
MEDICAL DATA SUMMARY FOR INFLATADRIID TESTS WITH HUMAN SUBJECTS

o M. Vol. No.o Sled accel. Sled Vel. Main Conmlaint BCG Changed
() (mph)

N/T
13 T flat —> N/T
1 K6, C4 N/T
9 B5, K2 N/T
.9 B7, L6, 15, M5 N/T
1 B7, E6, K6 T flat —3N/T
.5 17, K6 T flat —p N/T
10.0 13, ¢, &2 N/T
10.0 B2, C2, K2 T flat —»N/T
10.1 e N/T
10.3 C6, Db, H5, I5 N/

§aN

8. 9nom. )

*
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Dol L o bt O O e DD
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OO 00 UT Y L OV R I U1 U

B Lo W
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13, M3 N/T

o 6.8 12.3 C4, Kb N/T
36 6.8 12.3 K5, C4 N/T
33 6.8 12.2 K2 T flat —>N/T
1 8.2 14.9 4, C3 i N /T
47 8.3 15.0 e WN/T
41 8.2 14.9 14, C3 MST
13 10.2 17.7 D2, 12 N/T
21 10.0 17.6 D5, C4, B4,
G4, 34 T flat ~—>N/T
40 10.0 17.5 N/
28 11.72 20.5 — N/T
24 1.1 Z0.5 J6, K2 N/T
35 11.6 20.8 ¥ —>N/T
13 13.0 22.4 D2, L2 N/T
2 1 13.5 22.5nom. X3, I3 T flat >N/ T
; 21 12.7 22.1 14, J3, ¥2, G2 Premature ventricular contraction

x 2 preimpact —2N/T post—impact

3 41 14.7 24.4 c4, 13, J3 N/T
40 14.7 24.3 A2, K2 N/T
16 14.7 25.1 B4, C4, 12 N/T
24 15.7 27.1 T flat —>N/T
I 35. 16.1 28.2 c2 T flat —3>N/T

Premature ventricular contraction
x 3 post-impact
28 16.0 27.6 E— — N/T
16 18.73 0.2 Cc4, J4, I3 N/T
40 17.6 29.3 K2 N/T
] 17.8 29.3 C3, D2, B2, T flat
F2. J2

>N/T

75 13 19.6 32.3 C2, 1.2 N/T
R 24 19.7 32.3 B2, C2, RZ N/T
77 28 19.6 32.1 e N/T

iv’ = P vave inversion

e N/T = Retwned to normal/trace
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Y. DISCUSsion

A, Dumm /Human Perfg rMance
NWMNJNMMMMM

Prior to its usage in a tegt Te checked for
Operation and adjustment, Each 1imbp joint was get for the standard one g
threshold when extended hom’zontally. Because of the limiteq Jjoint

resistance, several distinet differences were observed between human and
dummy kinematic response as listed below;

I. Torso rotation, Parﬁicularly with the 50+
the torso rotates about the shoulder band, During Impact, the left

shoulder ig not braced sufﬁciently to counteract the moment Created by
the band reaction loading on the right shoulder,

bercentile ATD,

2. Lateral di:z:placement. Because of torso rotation
reflection of the head as it reboundg from the band, the dummies rebound
to the left of the Seat center line, For the 32, 5 mph (52, 3 kph) series, the
Observed maxirmim , sions were those of the
dummies: the extreme being that of the 50th Percentile durnmy ang the
e 95th bPercentile dummy,

and the

3. Combined belt loads,

The data Summarized in Table 1 (
Pan loads) indjcate th

at the load transmitting capaci
dummy types is much less than that

toe
ty of the legs for both
of the volunteer

-

4. Rebound deceleration. Typicaily,, the dummie
larger deceleration values on rebound than did the volunteerg, Above
27,5 miph (44,3 kph), the diffe'rezlces in rebound levels between humans
and dummies are legg Pronounced contr-ibuting to the Convergence of the
human ang durmmy Parameterg plotte . These results indicate
the existence of @ threshold above the 32-34 mph (51,5 _ 54.7 kph)
m which the effect of muscle tone ig not as
lower impact Severitieg,

S eXperienced

region
Significant a4 itis at the

The review of the ph@tographic records revealg that su%:&j&ctiveiy
hose volunteerg similar in sise and weight to the 95th Percentile durmmy
xhibit similap kinematic respo

lition, it appears that the
HatabandT™ ;4 best suiteq for the 954, Percentile gcey

,z"f‘fec:tively controls the kinematicg of impact, As obsge

52,3 kph) series head flexion (as well as rate of change in head angulay
usition) and lateral displacement are minimal, the reason being that the
N overides the deployed bang Providing heaq Support, Iop smaller
“Cupants, the head is pushed to the left ag s 1o respond 1o

1
i

tved in the 32, 5 mph

the bedy hegi
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the impact; the chin slides down and then into the band producing head
rotation and allowing greater head flexion,

Unlike the dummies, whose response was reasonably repeatable
and predictable, each human reacted differently to impact. Some
displayed better riding abilities than others where the abilities are
functions of subject experience, coordination, mental attitude, muscular
build, etc. Success in extrapolating impact severities for a given
volunteer was marginal probably because of the 'voly mteer learning
curve.'' After each ride, the volunteer may learn something to improve
his next ride or depending on his reaction, he may become more appre-
hensive, FEither result affects riding ability,

For the reasons discussed above, the comparison of human/
dummy performance would have been improved had a volunteer matching
dummy anthropemetrics been exposed to impacts at each severity level
since no volunteer participated in more than three (3) production tests.

B. Restraint System Performance

The performance of Inflataband TM i providing protection for
occupants involved in direct frontal impacts simulated in the laboratory
is entirely adequate. In no case did the observed severity indicators
(1151, CSI, HIC) approach or exceed the existing human tolerance levels
for these indicators. Injuries to the human subjects were minimal
consisting primarily of mild erythema to the face and nec cl; at the higher
inpact severities, some residual neck soreness was documrented as
noted in the medical section of this report. Impact forces on the upper
torso and abdomen were effectively distributed without major discomfort,
Some volunteers, however, depending on their position (s louching or high
in the seat) would rcceive a sufficient blow to knock their breath away
momentarily, The control of head rotation and flif’ xion by the Inflataband T'M
appearﬁ to be dependent upon the initial amount of chin overide of the

shoulder Land and initial head position,

In every test, the Inflataband *M | was fully deployed before the subject

began to translate forward, The duration of deployment is short (7-8 msec

ﬁwr impact detection) making the system advantageous for small cars.

Not only docs deployment occur at a rapid rate, but the very act of

u)lo;, ment also restrains the occupant due to the foreshortening of the
bands during inflation, C onsequently, the occupant utilizes the available
stroke and vehicle ride down more efficiently than would a conventional
belt restraint system,. Submarining was minimal and observed primarily
with the 95th percentile dummny.

A significant portion of the total Head Severity Index at the higher
levels (20 to 25% for the human riding at 32, ° mph) was accumulated
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during rebound. Reduction in the scverity response could be obtained

by reducing the amount of impact energy stored in the system, The
utilization of orficies (in the form of band material poroesity for example)
to throttle system gases or load absorbers at the attachment points would
be two approaches both of which would result in increasing the required
vccupant deceleration distance or stroke,

As a secondary consideration, volunteers repeatedly expressed
concern for not having a structure against which to brace the arms.
The integration of a collapsible steering column or instrument panel
would hz been advantageous solely to increase the ocecupant's mechanical
advantage in bracing against the impact, The Inflataband™™ ;g tested
works well; however, the use of selected subsystems could perhaps
enhance the performanc e to an even greater extent,

C. Medical Obs @rvationg

I1. Hearing, All volunteers had noise attenuation ear plugs placed
in their external car canals during their run. All volunteers, with only
two exceptions stated that they either had not heard the sould of the pyro-
technic device which inflated the belt, or that the sould was so insignificant
25 not to be important, One volunteer (#21) in his indoctrination run
stated that the report of the pyrotechnic device was '"loud and distracting, "
In two subsequent runs at 17,6 mph (28, 3 kph) and 22, 1 mph (35,6 kph), the
same volunteer had no conmplaint about the noise,

2. DBlood Pressure, All blood pressure recordings taken showed a
minimal elevation of hoth systolic and diastolic Pressure coincident with
sitting down in the buck, A second pretest B/ D normally recorded at
4 minutes before sled release showed a small rise in pressure apparently
associated with the increase in tension as the impact approached. Almost
without exception, the post-test B/P returned to carly pre-impact levels,
No sustained pathological B/P levels were recorded although in volunteer
128, diastolic bressures above 100 mm Hg were transiently recorded both
pre- and post-impact at velocities of 20.5 mph (33,0 kph), 27.6 mph
(44,4 kph) and 32,1 mph (51,7 kph).

In all individuals tested on multiple o0ccasions, there was a tendency
for the blood pressure to be higher as the test speed rose and to be highest
in the run with the highest velocity change, On four occasionsg however,
the B/P on the second run was lower than on the first test. 1t is possible
that having overcome the initial apprehension of the unknown with the
first test, the second was associated with less tension for these four
individuals (See Table 2),

3. Pulse Rate., All subjects had an increasge in pulse rate as the
anticipated impact approached, No pathological elevations occurred
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during the time of the test and all rates returned to pre-test levels after
impact. Increasing sled velocity and/or acceleration influenced P, R.

so that the higher the anticipated test velocity, the higher the P,R. rose
to a maximum P.R. in one volunteer of 166 bpm at 32.3 mph (51. 8 kph).

4, ECG. No pathologically significant ECG abnormalities could be
demonstrated in any volunteer during the course of these tests., The
most frequent change in ECG pattern encountered was either a flattening
or an actual inversion of the "T" wave. This occurred within 1 or 2
seconds post impact, persisted for approximately 5-10 seconds, and
returned to normal before the ECG electrodes were disconnected.
Flattening of the "T'" wave occurred in ten subjects while inversion of the
T wave occurred in two (See Table 3). These changes were neither
velocity nor acceleration connected.

The ""T'" wave flattening and inversion noted in other subjects
were all stress induced and reverted to normal patterns within a few
seconds post-impact. Obviously, they were not produced by any organic
heart changes, They were completely benign in nature.

In two instances, premature ventricular contractions (PVC)
occurred. One of these occurred in the pre-impact period in volunteer
#21, Run #937 at 22. 1 mph (35. 8 kph) and consisted of 2 PVC. The other
occurred in the post impact period in volunteer #35, Run #957 at 28.2 mph
(45.4 kph) and consisted of 3 PVC, In both instances there was no coupling
of these beats in any pattern and in both instances normal ECG pattern was
quickly restored.  These aberrant heart rhythms were without organic
basis, were benign in nature, and represented no significant heart
conduction abnormalities,

5. Trauma. Main complaint (Table 3) was derived from the physical
symptom survey filled out by the test subject immediately post-impact., Nine
individuals indicated they had no symptoms whatsoever, These individuals
had been tested at velocity changes ranging from 8.5 mph (13.7 kph) to
32,1 mph (51.7 kph). The main complaints of subjects who listed symptoms
in the immediate post-impact period varied from sensations of mild
pressure to those who listed moderate pain, Only three individuals
recorded moderate pain as one of their symptoms and each of these
occurrecd in the indoctrination runs at 10. 1 mph (16,3 kph) or less. Five
individuals in the group of indoctrination runs listed mild pressure in
various areas as their main complaint. This compares with only one
individual in all subsequent runs who listed any complaint as severe as mild

pressure,

None of the listed complaints (mild as they were) was in any way
associated with the decelerative force. Instead the pattern of complaint
seems to be indicative of contact with the expanding inflataband as a slap
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of bag against body area involved or as pressure produced by the expanding
bag against body area. The areas of complaint most frequently named
were the right side of the neck and the lower part of the right face (25
instances); the upper right chest, shoulder and base of the neck (10
instances); and the lower abdomen and the base of the right groin and thigh
(29 instances). In several instances (five volunteers) the left forearm was
slapped by the expanding Inflataband,

6. Physical Findings, These were derived by actual observation
post-immpact and were recorded immediately post-impact by the examining
physician, As could be anticipated from the results recorded in the
section '"main complaints, " erythema, involving the base of the right
neck, the lower face (right) and the right clavicular region leads all other
findings. Erythema of the abdomen was minor in extent, was found only
occasionally and occurred less frequently than erythema of the base of

the right thigh. This lower incidence of erythema of the abdomen could
have been caused by the wearing of the chamois over the lower chest and
abdomen by each volunteer., The erythema noted in each of these areas
was minimal in degree and probably di sappeared within an hour or two
post-impact although the se volunteers were not observed for that lengthy
period. It was not unanticipated that the erythema was most marked in
the areas listed, This coincided with the "'main complaints'' listed by the
volunteers and was, of course, the body areas mainly subjected to slapping
contact by the expanding Inflataband,

One volunteer (#1 at 14,9 mph/24 kph) had ecchymosis develop
because of the severity of bag contact on the base of the right thigh and
volunteer #24 at 20.5 mph (33 kph) developed ecchymosis of the left fore-
arm due to contact, Beczuse we noted in our motion picture review that in
certain individuals the expanding Inflataband struck the lefi forearm, we
began to caution all volunteers to brace their left arm at a position some -
what wider from the wide than was true on the right and this alleviated
this problem. In order to minimize slapping contact of the Inflataband with
the basc of the right thigh, a small styrofoam pad was placed at this point
beneath the pajamas of each volunteer, This decreased the complaints,

Two volunteers (#28 and #36) stated immediately post-impact that
they had had the breath knocked out of them by the impact deceleration,
This occurred in a ride at 12,3 mph (19.8 kph){(#36) and in volunteer #28
ina vide at 27.6 mph (44, 4 kph). Three volunteers stated either that
they were "shook up' or "saw stars. ' In volunteer /36 this occurred at
12.3 mph (19, 8 kph) while volunteer #21 saw stars at 17.6 mph (28. 3 kph)
and volunteer #40 was stunned for a moment at 29, 3 mph (47, 2 kph).

The only significant complaint which surfaced after the volunteers
had Teft the impact facility and was reported on the Subjective Report
was that of stiff neck., Volunteer #1, after a ride at 29.3 mph (47, 2 kph),
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stated he had developed a stiff neck within 24 hours of the test and that it
remained mildly stiff for 72 hours and gradually resolved. Volunteer #13
developed a sore neck approximately 5-6 hours after impact at 32,3 mph
(52 kph). Within 3 hours he found he couldn't turn his head to the right
without pain. In 72 hours he found he had only residual soreness in

turning his head to the right. Volunteer #16 who was impacted at 30, 2 mph
(48. 6 kph) developed onset of neck pain within 24 hours of impact and this
continued for 48 hours, He also developed a bruise of the right cheek
which lasted for 3 days. All three volunteers had remigsion of all neck
symptoms within 96 hours after impact.




