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INTRODUCTION

This report contains the results of an analysis of film and transducer records
from a series of impact tests on human volunteers conducted by the 6571st Aero-
medical Research Laboratory at Holloman Air Force Base, New Mexico. The purpose
of the test program was to compare and evaluate lap belt versus Tap belt plus air
cushion restraints. Particular reference should be given to the final report on
the test program entitled "Department of Transportation Daisy Track Human Toler-
ance Tests," by Charles D. Bendixen, Capt., USAF. The following description of
the test method has been abstracted from that report.

TEST METHODS

Six male human volunteers were subjected to increasingly severe impacts in
each of the two restraint configurations being compared until in the subject's
(subjective tolerance) or the medical monitor's opinion the testing should be
terminated. Testing with the other restraint was to be continued until a sim-
ilar level was reached.

The volunteers were seated on the Daisy Decelerator impact sled using each
of the restraint systems being tested. The seat used on the sled during all of
these tests was one designed for other ARL human impact tests and contained in-
strumentation capable of measuring all forces transmitted to it by the subject
during impact. The seat pan was horizontal and the seat back was angled back-
wards 13° from vertical. (See Figure 3). All tests were conducted with a 0-0-0
seat orientation. k

The Type I lap belt restraint used consisted of a 1 3/4 inch-wide webbed
dacron belt rated at 6000 1bs. The belt angle at its attach point approximated

50° to tne horizontal at the initiation of the run.




In order to assure that a subject would not contact the rigid airbag sup-
porting structure and simulated windshield in the event of an airbag failure
during impact, this structure was mounted so as to provide a 6-inch clearance
from the maximum excursion envelope of the subject's head. This necessitated
use of a bag of larger dimensions than would be found in a standard automobile.
The airbag was enlarged enough to fill the space between the subject and simu-
lated windshield structure. The change in bag volume also necessitated larger
blow-out ports to allow the increased volume of gas to escape following bag de-
ployment.

A second modification of the airbag test series which was initially speci-
fied by the ARL medical monitor specified use of a pre-inflated bag. Its purpose
was to eliminate any possibility of bag deployment failure and subsequent injury
during an airbag test at a level exceeding the injury level for the lap belt alone.

After the first series of runs using the pre-inflated airbag, it was seen that
the pre-inflated bag was too soft and did not provide comparable support for the
subject as a rapidly inflating bag. This resulted in the development by Eaton,
Yale and Towne engineers of a "hybrid airbag" consisting of a pre-inflated bag
into which additional gas was discharged during impact. It provided a "stiffer"
bag response, more closely duplicating the rapidly inflating bag.

When films of the "hybrid bag" tests were reviewed, an excessive amount of
rebound accompanied by hyperextension of the neck was noted and the medical mon-
itor decided to cancel further tests with this system.

At this point it appeared obvious that a pre-inflated bag did not simulate
an actual operational bag. Therefore, the 6571st ARL made the decision to use
a rapidly inflating bag since previous tests showed Tess 1ikelihood of injury in

the event of bag failure than was originally anticipated.




The first series of human tests was conducted at a peak deceleration of 9
g's. The five runs conducted at this level included two with lap belt only re-
straints and three with lap belt plus pre-inflated airbag restraints. Although
subjective reports from all riders indicated that each system was tolerable, a
decision was made not to proceed to higher "g" levels with the pre-inflated bag
because it was found to react too softly and poorly simulated a rapidly inflating
airbag. To continue would have produced data of questionable value.

The test series was resumed using the "hybrid" airbag at the 12 g level since
it had already been shown that 9 g's had not reached the tolerance level for the
lap belt series. Six subjects were impacted at approximately 12 g's with each
restraint, lap belt only and lap belt plus "hybrid" airbag. Subjective reports
indicated that each system was tolerable at this level and all subjects were willing
to proceed to the 15 g level. Review of test run films and seat back loadings,
however, indicated an amount of rebound with the hybrid bag which was considered
potentially hazardous with the rigid seat used on the test sled. Further increases
in "g" levels using the hybrid bag were therefore cancelled by the project medical
monitor.

While the decision of further airbag runs was re-evaluated, lap belt only
runs were conducted at the 15 g level. At this level, more complaints of post-
run neck and pelvis pains were being reported by the subjects although none felt
that they had reached their tolerance limit with this system. Following analysis
of impact data, however, several items were noted by the medical monitor. First,
there was a marked increase in severity of post-run neck and hip pain complaints
and second, the mean lap belt load peak had risen from 760 1bs at 12 g's to 975

at 15 g's with one subject's belt loading as high as 1163 1bs. Assuming a linear
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Ficure 2, TYPICAL LAP BELT TEST SETUP
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extrapolation to a 18 g level, it was felt that a proper safety factor of belt
strength to belt load could not be maintained. The combination of these two
items led the medical monitor to limit further increases in the lap belt only
test levels.

The 6571st ARL then decided to proceed with a rapidly inflating airbag.
Six tests were conducted at the 12 g level utilizing this system.
ANALYSIS METHODS

A careful and detailed photometric analysis was performed on the high speed
movie film of the tests previously described. The basic measuring device used
in this work was the Van Guard film analyser model M-160 W (Fig. 4). Four-place
accuracy in linear and angular measurements is obtainable with this instrument.
The linear and angular displacements of the target points on the head, shoulder,
hip and thigh were measured frame by frame. The film analyser was coupled to an
IBM 29 card punch unit and computer cards were automatically punched with the
displacement data. Several computer programs have been developed to analyze
photometyic data at HSRI, including routines to compute linear and angular ve-
Tocities and accelerations with appropriate smoothing and filtering operations.
The digitized displacement data was analyzed using these programs and the linear
and angular head target velocities and acceleration computed.
RESULTS

The results of these analyses are presented in two ways. There are sets of
curves showing the time history of the appropriate motion parameter and tables
listing peak values and statistical data.

A typical set of these curves is presented in Figures 5, 6, 7 and 8. Figure
5 shows the head motion in x and y coordinates relative to a horizontal and verti-

cal set of axes fixed in the sled. Figures 6 and 7 show the linear velocity and




acceleration of the head relative to a coordinate system fixed to the earth.
Figure 8 gives the angular displacement, velocity and acceleration of the head
relative to a fixed set of axes in the earth. Since the sled does not rotate
with respect to the earth, these are also relative to the sled. Because of
difficulties in camera coverage and targeting it was not possible to measure

the angular displacement of the head relative to the torso and this must be kept
in mind in interpreting the angular head motion curves.

Appendix 1 contains these curves for the runs in this test series. A problem
that occurred with most of the airbag runs, was the disappearance of the head
target as the head moved into the bag. This problem was overcome by using the
back of the head as a target, by interpolating the displacement curves through
those frames where the head was completely obscured and by analyzing the film
from the diagonally placed camera.

Table I presents the peak values of the various test parameters as measured
during the test or determined from the film analysis. Only three of the test
configurations are directly comparable. These are the 12 g (nominal) runs with
the Tap belt only, the lap belt plus hybrid airbag and the lap belt plus rapidly
inflating airbag restraint systems. Table II presents a statistical comparison
of these three restraint systems. In determining a weighted index for the neck
and pelvis pain observations the value 1 was assigned for "no reported symptom,"
2 for "immediate symptom only," 3 for "persisting symptom 24 hours," and 4 for
"persisting symptom 48 hours." A comparison of the mean values that takes into
account the number of observations and the standard deviation was made utilizing
a paired data "t" test at the 5% level of significance. In view of the limited
number of tests, this significance level was considered appropriate. Thus, the

column Ty compares the Tap belt only tests with the other two test series and the
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T2 column compares the hybrid bag with the rapidly inflating bag. A no in either
the T] or T2 columns indicates that there was no significant difference between
the test parameter for the two series being compared. A yes indicates that there
was a significant difference at the 5% level.
ERROR ESTIMATION

For several years HSRI has been developing methods and analyses for photo-
metric data reduction. Included in this work has been a detailed error analysis.
Figure 9 shows a calibration curve that was developed for the HSRI photometric
measuring system. This curve includes consideration of the effect of measurement
errors, round-off errors, standard differentiation routines and smoothing opera-
tions. The division or frame per pulse is the basic variable. From this number
and the smoothing routine used, the error in estimating the pulse peak value can
be estimated.
SUMMARY

The analyses described above indicate that the lap belt plus a rapidly in-
flating bag performed significantly better than the lap belt alone in the following
ways:

1. reduced head motion both Tinear and angular

2. reduced linear head acceleration

3. reduced shoulder motion

4. reduced neck pain
There were however, no significant differences in

1. angular acceleration of the head

2. chest linear acceleration

3. lap belt load

4. pelvis pain
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5. foot pan load

6. seat back rebound load
It should be emphasized that the statistical indicators used here imply signifi-
cance on a necessary basis only not on a "necessary and sufficient" basis. Thus
if more tests of comparable types are performed it may well happen that some of
the non-significantly different mean comparisons would move to the significant
category but it would be highly improbable that significantly different mean

comparisons would move into the non-significant category.
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TABLE II. STATISTICAL COMPARISON OF VARIQUS RESTRAINT SYSTEMS
Lap Be]t Plus Lap Belt Plus
panater L0yt by Beaidly Inlatins b

Mean |Deviation| Mean {Deviation | '1 | Mean [Deviation| '1| '2
Pulse g's 11.6 0.81 | 11.7 0.93 |{No | 11.7 0.20 | No| No
Lap Belt # 761 173 644 327 No {676 138 No| No
Foot Pan # 345 147 380 290 No {412 429 No| No
Seat Back # 584 252 781 362 No | N/A NA | -] -
Chest g's 14.9 4.7 15.9 1.0 No | 12.7 1.8 No|Yes
Head ax in. 20.8 4.5 12.2 3.2 |Yes 7.6 1.2 |Yes|Yes
Head Ay in. 18.6 6.0 3.3 2.0 [Yes 2.8 1.0 |{Yes| No
Head Ao degrees |100.3 17.8 | 49.7 30.0 [es | 51.6 14.7 {Yes| No
Head ax ft/sec | 34.7| 3.1 | 33 11.4 |No| 27.0{ 7.8 | No| No
Head K& ft/sec 29.0 11.0 13.2 10.3  [Yes 6.4 2.4 iYes|Yes
Head A% rad/sec | 31.1 11.0 26.8 9.6 No | 21.8 4.7 No{ No
Head 24X g's 15.3] 4.9 | 22.7 4.7 es | 9.4 1.5 |Yes|VYes
Head &y g's 13.0] 4.4 | 9.0 4.2 |No| 7.4] 4.0 |Yes| No
Head 46 rad/sec2850 | 567  |783 | 319 No |676 | 218 No| No
Shoulder A* in. | 15.8 3.3 2.2 1.6 [Yes 4.8 1.9 |Yes|Yes
Shoulder ay in. 6.8 3.1 1.0 0.6 [Yes 1.6 1.5 {Yes] No
Knee ax in. 2.2 1.7 1.3 0.7 No 0.8 0.7 No| No
Knee ay in. 3.0 1.2 1.5 0.8 |Yes 2.6 1.4 No| No
Thigh ax in. 2.0 1.4 1.3 0.7 No 1.0 0.9 No| No
Thigh ay in. 1.5 0.8 1.0 0.0 No 1.0 0.0 No| No
Thigh Ao degrees| 12.0 4.7 13.0 7.8 No | 10.4 3.0 No| No
Neck Pain 3.0 1.0 1.8 0.9 No 1.6 0.5 |Yes| No
Pelvis Pain 1.2 0.4 1.5 0.5 No 1.0 0.0 No| No
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