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PREFACE

The impact tests and data analysis described in this report were accomplished by the
Biomechanics Branch, Biosciences and Protection Division of the Air Force Research
Laboratory (AFRL/HEPA), formerly called the Biomechanical Protection Branch, Biodynamics
and Bioengineering Division of the Aerospace Medical Research Laboratory (AMRL/BBP), at
Wright-Patterson Air Force Base, Ohio. The test program was originally funded under Workunit
72311602. The human subject use committee at Wright-Patterson AFB, Ohio, under Protocol
76-30, authorized approval for the use of human volunteers in this program. Dyncorp, formerly
called Dynelectron Corporation, provided test facility and engineering support under contract

F33615-76-C-0526.
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INTRODUCTION

It has long been known that the proper use of safety restraining devices in aircraft can greatly
reduce the risk of serious injury and even fatality in the event of a crash. The use of shoulder
belts with lap belts could reduce major injuries by more than 85% and fatalities by 20% [3].
Numerous studies have also linked the improper use of safety belts and shoulder harnesses to
injuries in cases of rapid deceleration.

Studies and investigations on fatal aircraft accidents led the Federal Aviation Administration
(FAA) to require all new aircraft to have shoulder restraints installed in 1969. Head, neck,
abdominal and chest trauma are the most critical to life. Even injury to the upper extremities can
result in unnecessary loss of life if the individual is unable to evacuate the aircraft in an
emergency, such as a post-crash fire or to avoid drowning. Roughly one third of the deaths in
aviation accidents in the 1950’s and 60’s might have been avoided if shoulder restraints had been

used [8].

The question arises as to whether merely having restraints is good enough or if there is a best
way to configure the restraints. It has been shown that using a double shoulder harness system
with lap belts is preferred over a single diagonal shoulder belt and a 3-point belt system with a
single shoulder belt and lap belts [6,7]. The double harness prevents the torso from twisting out
and around the single shoulder belt, significantly reducing the risk of injury. The distribution of -
applied loads to two belts is also greater than the same loads applied to a single belt, causing less
stretching of the belt and greater restricted forward movement [9].

The FAA Office of Aviation Medicine reports that the optimum placement of the lap belt should
result in an angle of about 55 degrees with the horizontal centerline of the airplane when it is
tightened about the hips [3]. This allows it to resist the upward pull of the shoulder belts,
reducing the risk of injury. Also, it has been noted that since the tie-down position of the lap belt
ultimately determines the lap belt angle; the more forward the tie-down point is, the less the
restraint function of the belt, possibly compromising the entire restraint system [9]. Both of the
different lap belt configurations in this study fell within + 5 degrees of this 55° angle.

This test program was conducted to determine the influence of the mechanical properties of
restraint systems during impact. Specifically, the program evaluated the effects of changing the
shoulder strap angle and lap belt tie-down points. It also provides biodynamic data for restraint
design and dynamic test criteria.

METHODS

Eight males (158-210 Ibs) and two females (116-123 Ibs) were exposed to acceleration pulses at
presumed sub-injury levels in the frontal -x axis using the AFRL Horizontal Impulse Accelerator
(HIA) shown in Figure 1 [2]. The pulses were approximately sinusoidal with duration of 200 ms
and rise time of 100 ms. The subjects were tested at seat accelerations of 6, 8, and 10 G. The
subjects were volunteer members of the Aerospace Medical Research Laboratory (AMRL)



hazardous duty panel and were medically qualified for impact acceleration stress experiments
through completion of a medical screening process more stringent than the USAF Flying Class II
evaluation. Prior to testing, subjects were fully briefed regarding both the medical risks and the

nature of the test program.

Figure 1. Male Subject Prior to Impact Test on Horizontal Impulse Accelerator

The subjects were positioned in a generic seat fixture mounted on the HIA sled with seat back
angle 13° aft of vertical and seat pan angle 6° above horizontal. Ballast was added to the sled to
ensure the same total sled/subject weight for each test. A flat headrest was mounted in-line with
the seat back. The subjects were restrained using an operational USAF HBU-2 lap belt and a
shoulder harness constructed of polyester webbing with either single-V or single-T shoulder
strap connection. The shoulder straps and lap belt were pretensioned to 10, 20, or 30 + 5 Ibs at
each attachment point just prior to each test. Each subject wore cut-off long underwear, with
males also wearing athletic supporters and females wearing two-piece bathing suits and
undergarments. No helmet was worn and no limb restraints were used.

The subjects were tested under four different restraint configurations, consisting of combinations
of two different lap belt tie-down positions and two shoulder harness angles. The zero reference
point for the lap belt tie-down was set at 3 inches aft of the intersection of the seat back and seat
pan. The subjects were also tested with the lap belt tie-down set directly at the seat back/seat pan
intersection point. The 0° shoulder harness angle was determined to be at 0° from horizontal as
measured at the top of the shoulder (near parallel to the ground). A 25° shoulder harness angle
was also tested. Each test acceleration level included tests at zero tie-down reference point with
0° harness angle (Cell 1), 3 inches forward of zero tie-down reference point with 0° harness angle
(Cell 2), zero tie-down reference point with 25° harness angle (Cell 5), and 3 inches forward of
zero tie-down reference point with 25° harness angle (Cell 6). This test cell matrix is shown in

Table 1. These configurations are shown in Figure 2.

Triaxial linear accelerometers were mounted to monitor accelerations of the sled, head and chest.
Strain gauge load cells were used to measure the loads on the seat pan, shoulder straps, and lap
belts. High-speed motion picture cameras recorded the tests in both the Y-axis and at a 45° angle

between the Y- and X-axes.
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Figure 2. Test Configurations. Clockwise from top left: Zero tie-down reference point/0°

harness angle (Cell 1); 3 inches forward of zero tie-down reference point/0°
harness angle (Cell 2); 3 inches forward of zero tie-down reference point/25°
harness angle (Cell 6); Zero tie-down reference point/25° harness angle (Cell 5).

Table 1. Test Cell Matrix

TEST CELL | NOM G [LAP BELT TIE-DOWN LOCATION| SHOULDER HARNESS ANGLE (DEG)
Al 6 Zero reference point 0
A2 6 3 inches forward of zero ref point 0
AS 6 Zero reference point 25
A6 6 3 inches forward of zero ref point 25
Bl 8 Zero reference point 0
B2 8 3 inches forward of zero ref point 0
B5 8 Zero reference point 25
B6 8 3 inches forward of zero ref point 25
Cl 10 Zero reference point 0
C2 10 3 inches forward of zero ref point 0
C5 10 Zero reference point 25
C6 10 3 inches in front of zero ref point 25




RESULTS

The mean peak magnitude head and chest accelerations and seat pan, lap and shoulder force
resultants are shown in Tables 2-4 for the corresponding 6, 8, and 10 G input accelerations at
each restraint configuration. These results are adjusted to take into account any existing
preloading at the moment of impact. The results are labeled according to the test cell matrix
listed previously. Outliers in the original data were filtered out of these calculations by using the
Grubb’s test. Causes for these outliers range from not sending/receiving a value from the
equipment to possible reversed polarity of the sensors. Some outliers in the load measurements
were eventually included when it was determined that the cause of the difference was due more
to the size of the subject than any problems in the way the particular test was conducted.
Generally, these few data points were seen on the Jow end and were due to the smaller size of the
female subjects at the 6 and 8 G tests. No such statistical outliers were found in the 10 G tests.

Table 2. Means and Standard Deviations for 6 G Tests

Al A2 AS A6
Head X (G) 91+1.8 89+1.2 98+2.7 8.7121.6
Head Z (G) 6.6+ 3.8 52+29 79+20 6.6+19
Chest Result (G) 10.7£25 9.7+04 102+1.0 9.6 £0.8
Seat Pan R (Ib) 829.1+118.6 | 1026.7+132.3 | 644.1 £126.3 824.1+142.2
Lap Force R (Ib) 912.6+2022 | 1161.1 £168.1 | 955.3+264.0 1106.5 £ 266.1
Should Force R (Ib) 484.0 + 80.7 590.8 + 156.1 502.2 + 1469 561.1+175.5
Table 3. Means and Standard Deviations for 8 G Tests
Bl B2 B5 B6
Head X (G) 129+2.2 152+35 13.0£29 142 +3.0
Head Z (G) 10.1+4.2 11.8+5.0 9.3+2.8 13.4+4.0
Chest Result (G) 145+2.1 154 + 3.1 152+3.0 12.6 0.9
Seat Pan R (Ib) 10442 +£112.3 | 1303.2+£210.5 946.8 + 210.7 1113.6 £175.9
Lap Force R (Ib) 1396.3 £262.9 | 1570.5 +£322.1 1376.9 + 334.6 1499.3 + 380.0
Should Force R (Ib) | 733.7+112.9 776.6 +226.8 823.2 +187.7 818.2 +£185.2
Table 4. Means and Standard Deviations for 10 G Tests
Cl C2 C5 C6
Head X (G) 176 £4.0 21.6x+5.6 16.8+4.6 20.0+3.7
Head Z (G) 159+58 16.3x6.1 15.1+7.3 16.3+6.8
Chest Result (G) 20.3+5.6 155+1.3 17.1+24 15.8+1.2
Seat Pan R (Ib) 12249 +218.5 | 1553.7+267.8 | 1119.8 +186.2 | 1241.6 £234.6
Lap Force R (Ib) 1599.8 + 388.3 | 1864.1 +521.1 | 1629.7 +466.3 | 1723.0 £425.0
Should Force R (Ib) 851.9+241.9 973.5 +310.5 933.1+198.0 1078.8 +267.9

Statistical comparisons between the various cells in each —Gy level run are listed in Appendix A.
Of the 108 separate comparisons, only nine produced statistically significant differences atp =
0.05 in the t-test. Of those nine statistical tests, six compared differences in the seat pan loads at




various input accelerations, two compared chest accelerations, and one showed a difference in
lap belt forces.

The parameter of most interest is the Head X acceleration, since the values in this field are most
directly related to injury of an individual with the potential of being life altering (death or
paralysis). The peak acceleration for this measurement at each input acceleration level showed
no statistically significant differences between any of the test configurations at p = 0.05. There
was also no statistically significant indication of increase or decrease in head acceleration in the
X plane for any of the changes in configurations.

Linear regressions, calculated and plotted using the statistical program ProStat v.2.5, are shown
in Figures 3-7. The plots in general indicate linear increasing accelerations and forces with
increasing sled acceleration levels. Comparing the different configurations at the three input
accelerations (Tables 2-4) indicates a possible tendency for higher Head X acceleration with the
lap belt tie-down positioned at the 3” forward tie-down point (seat back/seat pan intersection)
compared to the zero tie-down reference point (3” aft of seat back/seat pan intersection). At the
10 G level, Cell 2 (3” forward tie-down, 0° harness angle) was 23% higher than Cell 1 (zero tie-
down ref point, 0° harness angle), and Cell 6 (3” forward tie-down, 25° harness angle) was 19%
higher than Cell 5 (zero tie-down ref point, 25° harness angle) for Head X acceleration.

Also, there is an indication that the head acceleration is reduced somewhat when the shoulder
straps are at a slight angle above the horizontal from the apex of the subject’s shoulder, in this
case 25°. At the 10 G level, Cell 5 (25° harness angle, zero tie-down ref point) was 4.5% lower
than Cell 1 (0° harness angle, zero tie-down ref point), and Cell 6 (25° harness angle, 3” forward
tie-down) was 7.4% lower than Cell 2 (0° harness angle, 3” forward tie-down) for Head X
acceleration. Seat pan loads also were lower with the 25° harness angle, decreasing 9% from
Cell 1 to Cell 5, and 20% from Cell 2 to Cell 6. Shoulder loads were higher with the 25° angle,
increasing by 10% from Cell 1 to Cell 5, and 11% from Cell 2 to Cell 6.

The Chest Acceleration was the only one of the six parameters reported here to have tests with
the zero tie-down ref point (Cells 1 and 5) indicate a greater magnitude than with the 3” forward
tie-down point (Cells 2 and 6), as can be seen in Figures 3-7 and Tables 2-4. Table 4 indicates
that Chest Acceleration in Cell 1 was 24% larger than Cell 2 at the 10 G level, and 8% greater in
Cell 5 than Cell 6. This indicates that having the lap belt anchored in a more forward position
may reduce the overall chest acceleration. The magnitude of the other five parameters all
increased with the 3” forward tie-down position (Cells 2 and 6) compared to the zero tie-down
ref point (Cells 1 and 5). The Seat Pan Force at 10 G was 27% larger in Cell 2 than Cell 1, and
11% larger in Cell 6 than Cell 5. The Lap Force at 10 G was 17% larger in Cell 2 than Cell 1,
and 6% larger in Cell 6 than Cell 5. The Shoulder Force at 10 G was 14% larger in Cell 2 than
Cell 1, and 16% larger in Cell 6 than Cell 5.
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Figure 7. Seat Pan Force Test Cell and Regression Plot

DISCUSSION

Previous research has shown no significant effect on upper torso response to acceleration due to
size or gender [1]. However, due to the small sample size of this test program, it cannot be
determined from the available data whether subject size, gender, or neck strength had any
significant effect on head acceleration. These issues will be addressed in future work at AFRL.

The data from Head X acceleration measurements show (see Appendix B), in general, two
separate peaks. The likely explanation for this is that the body and head are going through two
different accelerations. The first part of the acceleration is at the moment of impact and the
body, most noticeably the chest, separates from the seat back. The secondary acceleration occurs
when the restraints stop this separation movement and catch the body. In regards to the head
accelerations, the first is consistent with the rest of the body. The second acceleration occurs as
the chest is caught by the shoulder harness and the head continues to move relative to the body.
In some instances this secondary acceleration is actually higher than the original acceleration.
Though it was not measured in this study, it is also likely that this secondary head motion would
have an increased rotational moment about the neck, which is where injury is more likely to

occur.

While measuring the linear acceleration of the head is important for this study, it has been
documented that acceleration itself does not necessarily directly correlate to an increased risk of
injury. Rather it is the degree of neck hyperextension that will give a better indication of the risk
of injury [4]. Nonetheless, the tendency for higher Head X acceleration with the lap belt tie-
down positioned at the 3” forward mark (seat back/seat pan intersection) would appear to
indicate potentially higher neck loads along with a greater risk of neck injury for this condition.




However, the tendency for higher head acceleration was mitigated somewhat when the shoulder
straps were at a slight angle above the horizontal from the apex of the subject’s shoulder. Test
configurations with a 25° shoulder harness angle generated 15% greater shoulder strap loads,
possibly indicative of better upper torso restraint which could have contributed to the reduction

in head accelerations.

The configuration with 3” forward lap belt tie-down and 0° harness angle (Cell 2) generated the
highest seat pan loads, while the configuration with the zero lap belt tie-down reference point (3”
aft of seat pan/seat back intersection) and 25° harness angle (Cell 5) generated the lowest seat
pan loads. In terms of vector geometry, these two configurations are at opposite ends with Cell 2
providing the most downward directed forces from both the lap and shoulder restraints while
Cell 5 has the least downward directed forces of the four. Size of the test subjects can probably
be ruled out as a factor since both of these configurations had about the same sample population.
Configurations with the 3” forward tie-down also generated higher lap and shoulder forces.

It cannot presently be determined from the limited number of data points for each test cell why
the chest acceleration increases at the zero tie-down point, while the head acceleration and
shoulder/lap belt forces are reduced. This could be an anomalous occurrence for these test
conditions, or there could be an actual physical reason. Further testing with better controls on
the test environment and/or computer modeling could provide a clearer reason for these results.

An investigation of the shoulder and lap belt preloads, defined as the amount of tension applied
to the straps when they are being tightened just prior to a test, showed that while there was a
great deal of variability between each of the test runs, there was no discernible pattern to the
loading. The loads typically ranged between 15 and 35 pounds for both the shoulder and the lap
belts. These values were consistent across all of the different test configurations at the various
impact levels with the preloads within each test cell reflecting the entire range of values.

In nearly all of the test runs, the video data showed that the subjects moved significantly in the
seat upon impact across the entire range of impact accelerations. A visual estimate of several
inches is observed between the shoulder blades and the seat back before the shoulder harness
fully stops the subject. Similar motion and separation were observed between the hips and the
seat back. This translational movement, however, was not recorded in the data.

It was also observed from the video data, though not recorded in the acceleration or force data,
that subjects submarined during four of the test runs. This means that the lap belt rode up to or
over one or both of the iliac crests (conversely, the hip moves under the belt), applying force to
the abdominal area [5]. Two were in Cell C5 and one each in cells A5 and C1, indicating that
the configuration most likely resulting in submarining is with the lap belt at the zero tie-down
reference point and a 25° shoulder harness angle. The same female subject was involved in two
of these events (cells C5 and C1), while the other two were both males. Even though only four
of the tests showed obvious signs of submarining, nearly all of the tests showed the hips rotating
down around the lap belt to some degree.

The observed submarine effect occurred primarily at higher accelerations. In all four instances
the lap belt was anchored at the zero reference point (3” aft of the seat back/seat pan




intersection). It is possible that this geometry directs the force of the lap belt more into the hips
than down into the lap, causing the hips to rotate more. Another cause could be attributed to the
overall movement of the subject, as there was slack inherent in the restraints despite preloading

the restraint straps. Perhaps tighter restraints would have limited the degree of motion, thus

reducing the submarining.

CONCLUSIONS

The data consistently indicate that the preferred restraint configuration during these tests was
with the lap belt tie-down point at 3 aft of the seat back/seat pan intersection (zero reference
point) and the shoulder harness angle at some inclination above the horizontal from the shoulder
of the person in the seat. This does not, however, necessarily mean that the 25° harness angle
used in these tests is the optimum angle, only that it is preferred over the 0° angle. Such a
configuration appears to minimize the seat pan loads and the more important head accelerations.
Conversely, the least desirable configuration with respect to minimizing the head acceleration
appears to be with the lap belt tie-down point three inches in front of the reference point (at the
seat back/seat pan intersection) and the shoulder harness angle at or near the horizontal plane.

There is a limiting factor in this configuration. It appears as though having the lap belt tie-down
three inches in front of the reference point (at the seat pan/seat back intersection) reduces the
potential for submarining. Because of the small sample sizes for these configurations, it cannot
be determined if the submarine effects are a true concern or if they are merely anomalies in the
test setup. Also, it could not be determined whether the submarining was due in part to the
occupant size since all but two of the test subjects were males weighing between 158-210 lbs.
Eventually there does need to be a determination on the trade-off between submarining and other

risk factors such as head acceleration.

It is important to note that the conclusions presented here are based on small test populations,
and are only possible trends. In order to more accurately predict the outcomes of the different
configurations, more tests would be needed with a much larger population sample for each of the
tests. Also, from the data collected it was not clear if there was any active preloading by the
subjects, such as bracing for the impending impact. In any future study, the bracing should be as
consistent as possible to get a true representation of the differences in the configurations.
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APPENDIX A

STATISTICAL COMPARISONS BETWEEN TEST CONFIGURATIONS




Table Al. T-test Comparison of Cells Al and A2

Al A2 % DIFF SIGNIF
Head X (G) 0.1125 + 1.8015|8.8972 + 1.2445 -1 % NSD
Head Z (G) -6.62 + 3.77 -5.22+2.89 +21 % NSD
Chest Result (G) 10.75£2.54 | 9.694 +0.431 -10 % NSD
Seat Pan R (Ib) 829.1 £ 118.6 [ 1026.7+132.3 +24 % P=0.01
Lap Force R (Ib) 912.6 £ 2022 | 1161.1 +168.1 +27 % P =0.03
Should Force R (Ib) 484.0 = 80.7 590.8 £ 156.1 +22 % NSD
Table A2. T-test Comparison of Cells Al and A5
Al AS % DIFF SIGNIF
Head X (G) 9.1125 + 1.8015|9.7559 £2.7342 +7 % NSD
Head Z (G) -6.62 + 3.77 -7.90+2.04 -19 % NSD
Chest Result (G) 10.75 £ 2.54 10.16 £ 0.97 5% NSD
Seat Pan R (Ib) 829.1 + 118.6 | 644.1+126.3 22 % P=0.03
Lap Force R (Ib) 912.6 +202.2 | 955.3+264.0 +5 % NSD
Should Force R (Ib) | 484.0 + 80.7 | 502.2 + 146.9 +4 % NSD
Table A3. T-test Comparison of Cells Al and A6
Al A6 % DIFF SIGNIF
Head X (G) 9.1125 + 1.8015}8.7039 + 1.6501 -4 % NSD
Head Z (G) -6.62 + 3.77 -6.62 + 1.89 0% NSD
Chest Result (G) 10.75 + 2.54 9.627 £ 0.812 -10 % NSD
Seat Pan R (Ib) 829.1 + 118.6 | 824.1+142.2 -1 % NSD
Lap Force R (Ib) 912.6 £202.2 | 1106.5 £266.1 +21 % NSD
Should Force R (Ib) 484.0 + 80.7 561.1+175.5 +16 % NSD
Table A4. T-test Comparison of Cells A2 and AS
A2 AS %DIFF SIGNIF
Head X (G) 8.8972 + 1.2445(9.7559 +2.7342 +10% NSD
Head Z (G) -5.22+2.89 -7.90+2.04 -51% NSD
ChestResult (G) | 9.694 + 0431 10.16 + 0.97 +5% NSD
Seat Pan R (Ib) 1026.7 + 132.3 | 644.1+126.3 -63% P = 0.0001
Lap Force R (Ib) 1161.1 + 168.1 | 955.3+264.0 -18% NSD
Should Force R(Ib) | 590.8 + 156.1 | 502.2 + 146.9 -15% NSD
Table AS. T-test Comparison of Cells A2 and A6
A2 A6 %DIFF SIGNIF
Head X (G) 8.8972 + 1.2445|8.7039 + 1.6501 -2% NSD
Head Z (G) -5.22 + 2.89 -6.62 +1.89 -27% NSD
ChestResult (G) | 9.694 + 0431 | 9.627 £0.812 -1% NSD
Seat Pan R (Ib) 1026.7 £ 132.3 | 824.11142.2 -20% P =0.03
Lap Force R (Ib) 1161.1 + 168.1 | 1106.5 +£266.1 -5% NSD
Should Force R (Ib) | 590.8 + 156.1 | 561.1%175.5 -5% NSD
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Table A6. T-test Comparison of Cells A5 and A6

AS A6 9%DIFF SIGNIF
Head X (G) 9.7559 £ 2.7342 | 8.7039 + 1.6501 -11% NSD
Head Z (G) -7.90 + 2.04 -6.62 + 1.89 +16% NSD
Chest Result (G) 10.16 = 0.97 9.627 +0.812 -5% NSD
Seat Pan R (Ib) 644.1 + 126.3 824.1+142.2 +28% NSD
Lap Force R (Ib) 955.3 £264.0 | 1106.5 +266.1 +16% NSD
Should Force R (Ib) | 502.2 + 1469 | 561.1+175.5 +12% NSD
Table A7. T-test Comparison of Cells Bl and B2
B1 B2 %DIFF SIGNIF
Head X (G) 1290+ 2.19 15.23 +3.51 +18% NSD
Head Z (G) -10.08 £ 4.16 -11.77 £4.97 -17% NSD
Chest Result (G) 14.49 + 2.10 154+ 3.1 +6% NSD
Seat Pan R (Ib) 1044.2 + 112.3 | 1303.2+210.5 +25% NSD
Lap Force R (Ib) 1396.3 £ 262.9 | 1570.5 £ 322.1 +12% NSD
Should Force R(Ib) | 733.7+112.9 | 776.6 £226.8 +6% NSD
Table A8. T-test Comparison of Cells B1 and BS
B1 BS5 %DIFF SIGNIF
Head X (G) 1290 + 2.19 12.98 £ 2.95 +1% NSD
Head Z (G) -10.08 + 4.16 -9.33+2.77 +7% NSD
Chest Result (G) 14.49 + 2.10 15.2+3.0 +5% NSD
Seat Pan R (Ib) 1044.2 + 112.3 | 946.8 +£210.7 -9% NSD
Lap Force R (Ib) 1396.3 + 262.9 | 1376.9 + 334.6 -1% NSD
Should ForceR(Ib) | 7337+ 1129 | 823.2+ 187.7 +12% NSD
Table A9. T-test Comparison of Cells B1 and B6
Bl B6 %DIFF SIGNIF
Head X (G) 1290+ 2.19 14.16 £ 3.01 +10% NSD
Head Z (G) -10.08 + 4.16 -13.37+4.05 -33% NSD
Chest Result (G) 14.49 + 2.10 12.65 + 0.87 -13% NSD
Seat Pan R (1b) 10442 + 1123 | 1113.6 +175.9 +71% NSD
Lap Force R (Ib) 1396.3 + 262.9 | 1499.3 + 380.0 +1% NSD
Should Force R (Ib) | 733.7+ 1129 | 8182+ 1852 +12% NSD
Table A10. T-test Comparison of Cells B2 and B5
B2 B5 %DIFF SIGNIF
Head X (G) 15.23 + 3.51 12.98 £2.95 -15% NSD
Head Z (G) -11.77 £ 4.97 -9.33+2.77 +21% NSD
Chest Result (G) 154+ 3.1 152+3.0 -1% NSD
Seat Pan R (Ib) 13032 + 210.5 | 946.8+210.7 -27% P =0.03
Lap Force R (Ib) 1570.5 £ 322.1 | 1376.9 +334.6 -12% NSD
Should Force R (Ib) | 776.6 £ 226.8 | 823.2+ 187.7 +6% NSD

14




Table All. T-test Comparison of Cells B2 and B6

B2 B6 %DIFF SIGNIF
Head X (G) 15.23 £ 3.51 14.16 £3.01 -7% NSD
Head Z (G) -11.77 £ 497 -13.37£4.05 -14% NSD
Chest Result (G) 154+ 3.1 12.65 +0.87 -18% P=0.05
Seat Pan R (Ib) 13032 +£210.5 | 1113.6+£175.9 -14% NSD
Lap Force R (Ib) 1570.5 £ 322.1 | 1499.3 + 380.0 -5% NSD
Should Force R (Ib) 776.6 £ 226.8 | 818.2£185.2 +5% NSD

Table A12. T-test Comparison of Cells B5 and B6

B5 B6 A %DIFF SIGNIF
Head X (G) 12.98 +2.95 14.16 +3.01 +9% NSD
Head Z (G) -0.33+£2.77 -13.37 +4.05 -43% NSD
Chest Result (G) 152 +3.0 12.65 £ 0.87 -17% P=0.05
Seat Pan R (Ib) 946.8 +210.7 | 1113.6+175.9 +18% NSD
Lap Force R (Ib) 1376.9 + 334.6 | 1499.3 + 380.0 +9% NSD
Should ForceR (Ib) | 823.2 + 187.7 | 818.2+185.2 -1% NSD

Table A13. T-test Comp'arison of Cells C1 and C2

Cl C2 %DIFF SIGNIF
Head X (G) 17.5619 + 4.000221.6126 £ 5.6232 +23% NSD
Head Z (G) -159+5.8 -16.3+6.1 -3% NSD
Chest Result (G) 20.3+5.6 155+1.3 -24% NSD
Seat Pan R (Ib) 12249 +218.5 | 1553.7 £267.8 +27% NSD
Lap Force R (Ib) 1599.8 + 388.3 | 1864.1 £521.1 +17% NSD
Should Force R (Ib) 8519+ 2419 | 973.5+3105 +14% NSD

Table A14. T-test Comparison of Cells C1 and C5

Cl C5 %DIFF SIGNIF
Head X (G) 17.5619 + 4.0002}16.7542 + 4.5896 -5% NSD
Head Z (G) -159+5.8 -15.1£7.3 +5% NSD
Chest Result (G) 203+5.6 17.1£24 -16% NSD
Seat Pan R (Ib) 12249 +218.5 | 1119.8 +186.2 -9% NSD
Lap Force R (Ib) 1599.8 + 388.3 | 1629.7 £ 466.3 +2% NSD
Should ForceR (Ib) | 851.9+241.9 | 933.1 £198.0 +10% NSD

Table A15. T-test Comparison of Cells C1 and C6

Cl Cé6 %DIFF SIGNIF
Head X (G) 17.5619 + 4.0002| 19.98 +3.67 +14% NSD
Head Z (G) -159+5.8 -16.34 + 6.80 -3% NSD
Chest Result (G) 20.3+5.6 158+1.2 -22% NSD
Seat Pan R (Ib) 12249 £ 218.5 | 1241.6 £234.6 +1% NSD
Lap Force R (Ib) 1599.8 + 388.3 | 1723.0 £425.0 +8% NSD
Should Force R(Ib) | 851.9+241.9 | 1078.8 £267.9 +27% NSD
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Table A16. T-test Comparison of Cells C2 and C5

C2 C5 %DIFF SIGNIF
Head X (G)  P1.6126 * 5.6232[16.7542 + 4.5896 -22% NSD
Head Z (G) -16.3 £ 6.1 -15.1+7.3 +7% NSD
Chest Result (G) 155+13 17.1+24 +10% NSD

Seat Pan R (Ib) 1553.7 £267.8 | 1119.8 £186.2 -28% P =0.01
Lap Force R (Ib) 1864.1 +521.1 | 1629.7 £466.3 -13% NSD
Should Force R (Ib) | 973.5 + 310.5 | 933.1+198.0 -4% NSD

Table A17. T-test Comparison of Cells C2 and C6

C2 Cé %DIFF SIGNIF
Head X (G) 21.6126 +5.6232| 19.98 + 3.67 -8% NSD
Head Z (G) -16.3 + 6.1 -16.34 + 6.80 0% NSD
Chest Result (G) 155+13 158+1.2 +2% NSD
Seat Pan R (Ib) 1553.7 £267.8 | 1241.6 £ 234.6 -20% NSD
Lap Force R (Ib) 1864.1 +521.1 [ 1723.0£425.0 -8% NSD
Should Force R (Ib) | 973.5 + 310.5 [ 1078.8 +267.9 +11% NSD

Table A18. T-test Comparison of Cells C5 and C6

C5 Cé6 %DIFF SIGNIF
Head X (G) 16.7542 + 4.5896 19.98 + 3.67 +19% NSD
Head Z (G) -15.1+7.3 -16.34 + 6.80 +8% NSD
Chest Result (G) 17.1 £ 24 15.8+1.2 -8% NSD
Seat Pan R (Ib) 1119.8 + 186.2 | 1241.6 +234.6 +11% NSD
Lap Force R (Ib) 1629.7 +466.3 | 1723.0 +425.0 +6% NSD
Should Force R (Ib) | 933.1 + 198.0 | 1078.8 +267.9 +16% NSD




APPENDIX B

SAMPLE TEST DATA

17




SLED X ACCEL (G) CHEST X ACCEL (G)
7.0000 8.0000
G 600001 ' e & ol
> 5.0000 { it 60000 1"
& 4.0000 | 8 4.0000 -
Q 3.0000 - <
E ?.gggg 1 = 2.0000 {
7 o o IR ¥ 0.0000 {a
0.0000 A S5 I
-1.0000 8200 ———400-———600——800 -2.0000 -
TIME (ms) . TIME (ms)
SLED X.ACCEL (G) HEAD X ACCEL (G)
7.0000 e 10.0000
%) e.oogo 1 & 8.0000 {.
= 500004 . 5
wd ] F
8 40000{ § so000
2 3.0000 < 4.0000 {"
x 1. x
g 200001 o 2.0000
@ 1.0000{ e -
@ 0.0000 }~ I 0.0000 oy
" ' M .' . ! y : _ .
-1.0000 8— 200400 600800 200008 200 400 600 800
TIME (ms) TIME (ms)
RIGHT LAP X FORCE (LB) SHOULDER X FORCE (LB)
& 450.0000 & 120.0000 T—
=1 400.0000 - < 100.0000 {: "
W 350.0000 w
& 300.0000 - g 8000004t
© 250.0000 @ 60.0000 g
» 200.0000 >  40.0000 {
0. 150.0000 E 20.0000
S 100.0000 8 50000
£ 50.0000 - > -
T 0.0000 prememeel e Dt Q -20.0000 ¢ " .- 200
T .50.0000 ———200——2400—600——800 @ -40.0000 '
TIME (ms) TIME (s)

Test Subject HIA 1642 Cell Al




SLED X ACCEL (G)

SLED X ACCEL (G)

7.0000
6.0000 -
5.0000 -
4.0000 -
3.0000 -
2.0000 {
1.0000

0.0000

-1.0000 &

TIME (ms)

CENTER SEAT PAN 2

CENTER SEAT PAN Z FORCE (LB)

250.0000
200.0000
150.0000

FORCE (LB)

0.0000

1000000 {
50.0000 {

0 200 400 600
TIME (ms)

800

RIGHT LAP X FORCE (LB)

RI

GHT LAP X FORCE (LB)

500.0000

4000000 1"

300.0000 L
200.0000 o
100.0000 { -

0.0000

-100.0000 &

TIME (ms)

10.0000

CHEST X ACCEL (G)

8.0000 -

2.0000 1
0.0000

6.0000 1
4.0000 { -

CHEST X ACCEL (G)

"W'—'?o‘o -890

-2.0000

TIME (ms)

12.0000

HEAD X ACCEL (G)

10.0000 -
8.0000
6.0000 -
4.0000

HEAD X ACCEL (G)

0.0000

2.0000 |

T T T

20000 & 200 . 400 600 800

TIME (ms)

120.0000

SHOULDER X FORCE (LB)

100.0000 {~ - -
80.0000{ <
60.0000 4 -
40.0000 {
20.0000 {

SHOULDER X FORCE (LB)

0.0000

TIME (ms)

Test Subject HIA 1653 Cell Al

19




SLED X ACCEL (G)

SLED X ACCEL (G)

7.0000 7
6.0000 {
5.0000 {
4.0000 { : .
3.0000
2.0000 { . -
1.0000 {." -

0.0000

-1.0000 &
TIME (ms)

CENTER SEAT PAN Z

CENTER SEAT PAN Z FORCE (LB)

300.0000
250.0000 {
200.0000{
150.0000 1
100.0000 {"

50.0000 { -

FORCE (LB)

0.0000 et
0 200 400

TIME (ms)

600 800

RIGHT LAP X FORCE (LB)

RIGHT LAP X FORCE (LB)

500.0000 T—
400.0000 {.
300.0000 {
200.0000 {
100.0000 -

0.0000 o

-100.0000 &
TIME (ms)

CHEST X ACCEL (G)

CHEST X ACCEL (G)

10.0000 -
8.0000 {
6.0000 |
400004
20000 ]
0.0000 -f Ao
-2.0000 &

200 Y00 600 - 800

TIME (ms)

HEAD X ACCEL (G)

HEAD X ACCEL (G)

12.0000 —
10.0000 {
8.0000 {
6.0000 -
40000
20000
0.0000 twawanly o WV
-2.0000 & 200 400 . 600 ".a}po
TIME (ms)

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

140.0000
120.0000 |
100.0000 { "
80.0000 { i
60.0000 { - .
40.0000 { © -
20.0000 4 -
0.0000 AW -—— ‘
-20.0000 & -400———600 -800
TIME (ms)

Test Subject HIA 1639 Cell A2

20




SLED X ACCEL (G)

7.0000

SLED X ACCEL (G)

6.0000 |
5.0000 {

4.0000 {

3.0000 { -
2.0000 ' -
1.0000 { -

0.0000
-1.0000 &

TIME (ms)

CENTER SEAT PAN Z

CENTER SEAT PAN Z FORCE (LB)

250.0000
200.0000 { -

FORCE (LB)

0.0000
-50.0000 £

150.0000 {
100.0000 {
50.0000 { -

200 . 400 600

TIME (ms)

RIGHT LAP X FORCE (LB)

300.0000
250.0000
200.0000
150.0000
100.0000

50.0000 {

0.0000

RIGHT LAP X FORCE (LB)

0

200 400 600
TIME (ms)

800

CHEST X ACCEL (G)

8.0000

CHEST X ACCEL (G)

6.0000 {
4.0000 {

2.0000 -
0.0000

-2.0000 9 °

-4.0000 -
-6.0000

600

: lv'vv?r,-w—- .

800

TIME (ms)

HEAD X ACCEL (G)

10.0000

HEAD X ACCEL (G)

8.0000 -
6.0000
4.0000 4

2.0000 §

0.0000

-2.0000 T . .200 00

-4.0000

TIME (ms)

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

80.0000

60.0000

40.0000

20.0000

-20.0000

TIME (ms)

Test Subject HIA 1673 Cell A2

21




SLED X ACCEL (G)

SLED X ACCEL (G)

7.0000 -
6.0000 §
5.0000 { " -
40000 {
3.0000 {

2.0000 ..
1.0000 '

0.0000

s
mn 100

= . “ ) 0

-1.0000 &

TIME (ms)

CHEST X ACCEL (G)

CHEST X ACCEL (G)

8.0000
7.0000
6.0000 -

5.0000 4

4.0000 -
3.0000 -

2.0000 4 .
1.0000 1 .
0.0000

-1.0000 ?

-2.0000

TIME (ms)

CENTER SEAT PAN Z

CENTER SEAT PAN Z FORCE (LB)

100.0000
80.0000 4. .

FORCE (LB)

60.0000 1
40.0000 { -
20.0000 1.

0.0000

-20.0000

TIME (ms)

HEAD X ACCEL (G)

HEAD X ACCEL (G)

10.0000
8.0000
6.0000 -
4.0000

2.0000 {

0.0000
-2.0000 ¢

W T

200 40

TIME (ms)

RIGHT LAP X FORCE (LB)

RIGHT LAP X FORCE (LB)

250.0000 1—
200.0000 {
150.0000 |
100.0000 {

50.0000 { -

0.0000

200 400 . 600 800

-50.0000 ¥

TIME (ms)

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

200.0000

150.0000
100.0000 {
50.0000 .

0.0000 -ty

-50.0000

TIME (ms)

Test Subject HIA1648 Cell A5




SLED X ACCEL (G) CHEST X ACCEL (G)
7.0000 8.0000
& 6.0000 - g 6.0000 -
E 5.0000 { o 4.0000 -
g 4.0000 1 8 2.0000 4
2 3.0000 - < o .
» 2 0000 ] X 0.0000 VY T ¥ lwvw
a “ | % 20000 9 200 00 600 800
w  1.0000 w ) :
? 0.0000 G -4.0000 -
-1.0000 & -6.0000
. TIME (ms) TIME (ms)
CENTER SEAT PAN Z FORCE (LB) HEAD X ACCEL (G)
200.0000 16.0000
N . ' = 14.0000
Z  150.0000 - S 12,0000 -
| i 10.0000
< = 1000000 1 8 o000
“ O , 6.0000 { -
& 50.0000 - x _
'@ S g 40000 |
& 0.0000 W 2.0000 4
(3] . 800 0.0000
-50.0000 ? i -2.0000 & 200 486———606 860
TIME (ms) TIME (ms)
RIGHT LAP X FORCE (LB) SHOULDER X FORCE (LB)
@ 450.0000 ¢ & 300.0000
< 400.0000 | d
=3 - < 250.0000 4 .
W 350.0000 { W 0.0000 S
& 3000000 £ 200.0000 { . -
& 250.0000 1 L 150.0000 { -
> 200.0000 § = o
8. 150.0000 - E 100.0000 -
E 100.0000 1~ - 8 50.0000 -
50.0000 { 5 =
5 - 0.0000 ;
G 0.0000 g v B4 AN
& -50.0000 ¢ 200 400 600 800 ® .50.0000 & 200 400 600 .. 800
TIME (ms) TIME (ms)

Test Subject HIA 1649 Cell A5

23




SLED X ACCEL (G)

7.
6.
5.
4.0000 -
3.0000 {
2,0000
1.

0.0000 T
0000 gon 400 son

-1

SLED X ACCEL (G)

0000
0000 -
0000 -

0000 § -

o .

TIME (ms)

CHEST X ACCEL (G)

CHEST X ACCEL (G)

10.0000 T—
8.0000 - -
6.0000 4
4.0000 {
2.0000 { -

A

-4.0000 -

0.0000 franrtprnrd \—————
-2.0000 § . 200 \f)o 1600 800

-6.0000
TIME (ms)

CENTER SEAT PAN 2

FORCE (LB)

CENTER SEAT PAN Z FORCE (LB)

300.0000
250.0000
200.0000 {
150.0000 {
100.0000 {° i
50.0000 -

0.0000 F—2 .

TIME (ms)

HEAD X ACCEL (G)

HEAD X ACCEL (G)

10.0000
8.0000 -
6.0000 1.
4.0000 .
2.0000 {

0.0000 foawansrd _
-2.0000 200 400

TIME (ms)

RIGHT LAP X FORCE (LB)

450.0000 -
400.0000 {

RIGHT LAP X FORCE (LB)

350.0000 . .

300.0000 { -
250.0000
200.0000 { - .
150.0000 § . -
100.0000 {~
50.0000 . '

0.0000 bt W
0 200 400 600
TIME (ms)

800

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

300.0000
250.0000 {
200.0000 -
150.0000 {
100.0000 { . -

50.0000 {

0.0000 JAt , .
-50.0000 2 200 . 400

TIME (ms)

Test Subject HIA 1652 Cell A6




SLED X ACCEL (G)

SLED X ACCEL (G)

7.0000
6.0000 { -
5.0000 -
4.0000 -
3.0000 {
2.0000 -
1.0000 -

0.0000

-1.0000 &

TIME (ms)

CENTER SEAT PAN 2

CENTER SEAT PAN Z FORCE (LB)

300.0000

2500000 1
200.0000 { -

150.0000 -

FORCE (LB)

50.0000 1

100.0000 -

0.0000
-50.0000

TIMES (ms)

RIGHT LAP X FORCE (LB)

RIGHT LAP X FORCE (LB)

400.0000
350.0000 1. -
300.0000 §
250.0000 1 -
200.0000

150.0000 {
1000000 { =
50.0000 {

0.0000 ++

DED AO0. L00. PR.Y. Y

-50.0000 &—

A4 UV OUT ouU

TIME (ms)

CHEST X ACCEL (G)

8.0000
6.0000 1
4.0000

0.0000

CHEST X ACCEL (G)

-2.0000 -

2.0000 { -

-4.0000

TIME (ms)

HEAD X ACCEL (G)

10.0000

HEAD X ACCEL (G)

8.0000 §
6.0000 {°
4,0000 1

2.0000 -

0.0000 Prrwriywry-

106 200 * - 300 ‘493*"'&6;‘ 600 - . 740

-2.0000 L

TIME (ms)

250.0000
200.0000
150.0000
100.0000

50.0000

SHOULDER X FORCE (LB)

-50.0000

0.0000

SHOULDER X FORCE (LB)

TIME (ms)

Test Subject HIA 1656 Cell A6

25




SLED X ACCEL (G)

10.0000
8.0000 {
6.0000 {-
4,0000 {’
2.0000 {
0.0000 et —
-2.0000

SLED X ACCEL (G)

| P T

400 600

800

TIME (ms)

CENTER SEAT PAN Z

FORCE (LB)

CENTER SEAT PAN Z FORCE (LB)

300.0000 -
250.0000 -

200.0000 {
150.0000 {
100.0000 {
50.0000

0.0000
-50.0000

TIME (ms)

RIGHT LAP X FORCE (LB)

500.0000

RIGHT LAP X FORCE (LB)

400.0000

:
3

2000000 { -

g:

TIME (ms)

CHEST X ACCEL (G)

CHEST X ACCEL (G)

15.0000

10.0000 A

5.0000

0.0000

(]
-5.0000 -

Ny T T

...w

200 - {400

600 830

-10.0000

TIME (ms)

HEAD X ACCEL (G)

HEAD X ACCEL (G)

12.0000
10.0000 -
8.0000 A
6.0000 {
4.0000 -
2.0000 {1~

0.0000
-2.0000

hadn o T

L

&

200

k : BTO

600

-4.0000

TIME (ms)

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

160.0000

140.0000 {°
120.0000 {
100.0000 { -

80.0000 -
60.0000

40.0000 {

20.0000

TIME (ms)

Test Subject HIA 1601 Cell Bl
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SLED X ACCEL (G)

SLED X ACCEL (G)

10.0000
8.0000 |
6.0000 -
4.0000 |
2.0000 {

0.0000

-2.0000
TIME (ms)

CENTER SEAT PAN Z

CENTER SEAT PAN Z FORCE (LB)

300.0000
250.0000 -
200.0000 {
150.0000 { -
100.0000 {

50.0000 { -

FORCE (LB)

0.0000 SV AR, 4

0 200 400 600

TIME (ms)

800

RIGHT LAP X FORCE (LB)

RIGHT LAP X FORCE (LB)

700.0000
600.0000 { -
500.0000 { *

400.0000 1

300.0000 {
200.0000
100.0000 { .

0.0000 +

-100.0000 §——-200——400-
TIME (ms)

CHEST X ACCEL (G)

14.0000

CHEST X ACCEL (G)

12.0000 -
10.0000 +
8.0000 §

6.0000 { -
4.0000 {
2.0000 -

0.0000 -
-2.0000 ?
-4.0000

TIME (ms)

HEAD X ACCEL (G)

18.0000

HEAD X ACCEL (G)

16.0000 -

14.0000 {-
12.0000 1
10.0000 4

8.0000 -

6.0000
4.0000 - -
2.0000 {

0.0000 wmtanr; Tl ¥

-2.0000 ¢ —~200— 400 —600—

TIME (ms)

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

180.0000

160.0000 {°
140.0000 {.

120.0000 A
100.0000
80.0000 -

60.0000 -
40.0000 4

20.0000 -

TIME (ms)

Test Subject HIA 1662 Cell B1
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e
=
(1]
Q
3]
<

SLED X ACCEL (G)

10.0000

8.0000
6.0000 1"
4.0000 {

TIME (ms)

CHEST X ACCEL (G)

CHEST X ACCEL (G)

20.0000
15.0000 |
10.0000 { -
5.0000 {
0.0000 e d L
50000y 200 8
-10.0000 L— AR AN
TIME (ms)

CENTER SEAT PAN Z

CENTER SEAT PAN Z FORCE (LB)

350.0000
300.0000 -
250.0000 { . -
200.0000 {.
150.0000
100.0000 -
50.0000 -

0.0000

FORCE (LB)

-50.0000 8- 200 400 600——3800

TIME (ms)

HEAD X ACCEL (G)

HEAD X ACCEL (G)

14.0000 —
12,0000 {
10.0000 {:.
8.0000 4
6.0000 {
4.0000 {°
20000 { ST
0.0000 artmeaned A
-2.oooo+ S200 ¢ \éo 600 eﬂm
-4.0000 E—

TIME (ms)

P X FORCE (LB)

HT LA

-
[{, =]
S S
o O
88
o O
- S

RIG

350.0000
300.0000
250.0000
200.0000

-l
(41}
o
=)
<]
Q
o

0.0000

RIGHT LAP X FORCE (LB)

Y T Y

0 200 400 600
TIME (ms)

800

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

120.0000
100.0000 { ' .
80.0000 {- .
60.0000 {
400000 { .
20.0000 4 , .
0.0000
-20.0000 &

TIME (ms)

Test Subject HIA 1681 Cell B2




SLED X ACCEL (G)

SLED X ACCEL (G)

10.0000
8.0000 -
6.0000 -
4.0000 {
2.0000 |

0.0000

-2.0000

TIME (ms)

CENTER SEAT PAN Z

CENTER SEAT PAN Z FORCE (LB)

400.0000
350.0000
300.0000

200.0000

FORCE (LB)

100.0000
50.0000
0.0000

250.0000 -

150.0000 1

T T T

0 200 400 600
TIME (ms)

800

RIGHT LAP X FORCE (LB)

RIGHT LAP X FORCE (LB)

700.0000

600.0000 {
500.0000 {
400.0000 - -
300.0000 { - -
200.0000 { . : -
100.0000 { -

0.0000

-100.0000 &

TIME (ms)

CHEST X ACCEL (G)

16.0000
14.0000
12.0000 |
10.0000 1

8.0000

CHEST X ACCEL (G)

6.0000 4 -
4.0000 §.
2.0000 4

200 400 600 é‘?o

TIME (ms) '

HEAD X ACCEL (G)

25.0000

0.0000 +

20.00004{ ..
15.0000 |
10.0000 { -

5.0000 1 -

HEAD X ACCEL (G)

200 400 600 800

-5.0000

TIME (ms)

SHOULDER X FORCE (LB)

200.0000
150.0000 {7 ©
100.0000

50.0000 { .~

SHOULDER X FORCE (LB)

-50.0000

0.0000

TIME (ms)

Test Subject HIA 1695 Cell B2
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SLED X ACCEL (G)

10.0000
& 8.0000 1
@ 6.0000 ]
3] o
Q@ 40000] *

TIME (ms)

CHEST X ACCEL (G)

CHEST X ACCEL. (G)

12.0000 o~
10.0000 -
8.0000 -
6.0000 {
4.0000 -
2.0000 -
0.0000
2.0000 § = 200
-4.0000 {

-6.0000
TIME (ms)

CENTER SEAT PAN Z FORCE (LB)

200.0000
150.0000 §
100.0000 -

50.0000 1.

FORCE (LB)

0.0000

CENTER SEAT PAN Z

8?0

-50.0000 f
TIME (ms)

HEAD X ACCEL (G)

HEAD X ACCEL (G)

20.0000
15.0000 {
10.0000 4

500004 -

0.0000 -

-5.0000 ?

0 600

TIME (ms)

RIGHT LAP X FORCE (LB)

'350.0000 -
300.0000 {
250.0000 4
200.0000 4~

P X FORCE (LB)

LA

— -
oW
S S
o O
[= 3=
o O
o O

> €

E s0.0000{

2 0.0000 +
0 200 400 600

TIME (ms)

800

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

250.0000
2000000 {
150.0000 {
100.0000 { -
50.0000

0.0000 fow

-50.0000
TIME (ms)

Test Subject HIA 1663 Cell BS




SLED X ACCEL (G)

SLED X ACCEL (G)

10.0000
8.0000 -
6.0000 §
4.0000 +-.
2.0000 1

0.0000

. . .

-2.0000 &

200 400 600 800

TIME (ms)

CENTER SEAT PAN Z

CENTER SEAT PAN Z FORCE (LB)

300.0000

250.0000 1 -
200.0000 4

150.0000
100.0000
50.0000
0.0000

FORCE (LB)

- T Y T

0 200 400 600 800
TIME (ms)

RIGHT LAP X FORCE (LB)

RIGHT LAP X FORCE (LB)

600.0000 ——
500.0000 {: -

400.0000
300.0000 {"
200.0000 {-

100.0000 -

0.0000 +

-100.0000 2

TIME (ms)

CHEST X ACCEL (G)

14.0000

CHEST X ACCEL (G)

12.0000 -
10.0000 -
8.0000 {
6.0000 4.
4.0000 -
2.0000 1

0.0000
-2.0000 §

.
AP

200 Y ¥o0o 600 -

-4.0000

TIME (ms)

HEAD X ACCEL (G)

16.0000

HEAD X ACCEL (G)

14.0000 {
12.0000 -
10.0000 -
8.0000 1
6.0000
4.0000 -

2.0000 1 "
0.0000

T "’ T
Fa¥atal AD0. £00

-]

-2.0000 ©

pavie) pavivy OUY

TIME (ms)

oy

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

400.0000

350.0000 .-

300.0000

250.0000 4.
200.0000 { .

150.0000 -

100.0000 { -

50.0000 4

0.0000 =

reY

-50.0000 ¢

OO0 400 M)
=~V J|UU Ao viv]

TIME (ms)

800

Test Subject HIA 1753 Cell B5
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SLED X ACCEL (G) CHEST X ACCEL (G)
10.0000 ‘ : 12.0000
& so000] ' g 10.0000 {-
s ~ o 8.0000 {-
W 6.0000 | g 60000 ;
2 4.0000 - < 4.0000 1
% 1 - T .
g 20000 1 g 200009 b} SRR
w W 0.0000 frew— |
@ 0.0000 +—~ .1 O -2.0000 ? 200 400 600 - ‘8.?0
-2.0000 & 890 -4.0000 ‘ SR
TIME (ms) TIME (ms)
|
CENTER SEAT PAN Z FORCE (LB) HEAD X ACCEL (G)
200.0000 : 14.0000
N s o ~ 12.0000 {
Z  150.0000 {. ‘ € 10.0000 -
a -~ ' : ! 8 =1 :
[ C : il 8.0000 -
= ] . )
< < 100.0000 § 60000 |
7] o B
@ & 500000 L 5 4.0000
wo 0 _ o g 200001
E 0.0000 b\ AN W 0.0000 prwrs 7
o ? - 200 400 600 'GJ)O -2.0000 ? ; 200 40 600 ’8?)0
-50.0000 -4.0000 L :
TIME (ms) TIME (ms)
RIGHT LAP X FORCE (LB) SHOULDER X FORCE (LB)
0 250.0000 - 0 300.0000
w 200.0000 {. w 250.0000 -
£ 1500000 4 ‘g’ 200.0000 {
2 . £ 150.0000 -
» 100.0000 { - x '
o - @ 100.0000 {
< 50.0000 {' % 8 500000 |
% 0.0000 e T 3 0.0000 fpaptte — Lo e
€ 500000 %200 400 600 840 % 5000000200 400 600 800
TIME (ms) TIME (ms)

Test Subject HIA 1593 Cell B6




SLED X ACCEL (G)

SLED X ACCEL (G)

10.0000
8.0000 -
6.0000 H
4.0000

2.0000

0.0000

-2.0000

TIME (ms)

CENTER SEAT PAN 2

CENTER SEAT PAN Z FORCE (LB)

400.0000
350.0000 { -
300.0000 {
250.0000 { .
200.0000 {°
150.0000
100.0000 1
50.0000
0.0000
-50.0000

FORCE (LB)

TIME (ms)

RIGHT LAP X FORCE (LB)

600.0000 1~
500.0000

400.0000
300.0000
200.0000

100.0000 }

0.0000

RIGHT LAP X FORCE (LB)

0 200 400 600 800
TIME (ms)

CHEST X ACCEL (G)

CHEST X ACCEL (G)

14.0000
12.0000 -
10.0000 -
8.0000 -
6.0000 1
4.0000 {
2.0000 4"

0.0000
-2.0000 T B

-4.0000

. 600 .". ‘ ;

-6.0000
TIME (ms)

HEAD X ACCEL (G)

HEAD X ACCEL (G)

16.0000 T
14.0000 4
12,0000 {
10.0000 1
8.0000 -
6.0000 -
4.0000 -
2.0000 -

0.0000 rvavan
-2.0000 9

-4.0000
TIME (ms)

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

400.0000
350.0000 -
300.0000 1
250.0000 -
200.0000 {
150.0000 { -
100.0000 { -
50.0000 -

0.0000 SR VOREPW..x SR

-50.0000 206 ~406——5666-

TIME (ms)

Test Subject HIA 1679 Cell B6
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SLED X ACCEL (G) CHEST X ACCEL (G)
12.0000 : 20.0000
& 10.0000 : & 15.0000 |
S i . J ] L
3 8.0000 4 8 10.0000 {
8 6.0000 ¢ 3]
2 < 50000 |
< 4.0000 { x .
@ 200004 g o § 200 koo eo0 --8f0
®  0.0000 ‘ 5 -5.0000 §- ‘ B | A
-2.0000 & 800 -10.0000
TIME (ms) TIME (ms)
CENTER SEAT PAN Z FORCE (LB) HEAD X ACCEL (G)
500.0000 ‘ . 20.0000
N : , : , -
Z  400.0000 1 © 15.0000 1
[« Wl |
@ 300.0000 - m r
22 : g 10.0000 1
& 8 200.0000 - < :
o & X 50000 | B R
E"o‘ 100.0000 { ) S TR
i 0.0000 : g 0.0000 st VWA*'? p—
- 200 Mb0 00 800
-100.0000 & 890 -5.0000 L ~ i
TIME (ms) TIME (ms)
RIGHT LAP X FORCE (LB) SHOULDER X FORCE (LB)
@ 700.0000 T & 250.0000
Ly i J S
W 600.0000 4% - m 200.0000 § -
£ 5000000 {1 3
x 300.0000 { - » 100.0000 {
< L c
£ 10000004 - f N =
0 200 400 600 800 % 500000 % 200 . 400 600 8¢0
TIME (ms) TIME (ms)

Test Subject HIA 1623 Cell C1




SLED X ACCEL (G)

SLED X ACCEL (G)

12.0000 1

10.0000 1 -
8.0000 { -
6.0000 -
4.0000 |-
2.0000 4

0.0000 + SN S

-2.0000 & 200 400 600

TIME (ms)

CENTER SEAT PAN 2

FORCE (LB)

. CENTER SEAT PAN Z FORCE (LB)

400.0000
350.0000 { .
300.0000 {. -
250.0000 {
200.0000 {~
150.0000 { - -
100.0000
50.0000 -

0.0000 r y '
0 200 400 600

TIME (ms)

800

RIGHT LAP X FORCE (LB)

800.0000 s
700.0000 { -

600.0000 { .
500.0000 {*
400.0000 §-
300.0000 {
200.0000 4
1000000 { = f 0 NTTNee
0.0000 -+~ e
-100.0000 &——200———300—wu§00——800

RIGHT LAP X FORCE (LB)

i

TIME (ms)

CHEST X ACCEL (G)

20.0000
€ 15.0000 {
wd
8 10.0000 - ‘
< .
PS4 . .
5.0000 -
z 0.0000 N —
¢ 200 © 400 600 800
-5.0000 '
TIME (ms)
HEAD X ACCEL (G)
25.0000
G 20.0000 {
-
§ 15.0000 - R
< 10.0000 {
o 5.0000{ -
2 :
T 0.0000 . P —
-5.0000 & 200 400 600 800
TIME (ms)
SHOULDER X FORCE (LB)
. 200.0000 :
o !
=1 : L
w 150.0000 4 R
O S TN
g ; K ‘..
@ 100.0000 { o
o] - ]
& 50.0000 { %
o NN
= S
3 0.0000 M 'Y N e
5 | 400 . vg?o

-50.0000 +

TIME (ms)

Test Subject HIA 1632 Cell C1
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SLED X ACCEL (G) CHEST X ACCEL (G)
12.0000 ; ; - 15.0000
@ 10.0000 - ) L
E 8.0000 | o4 10.0000 1
8 6.0000 - 3
g < 5.0000 1
> 4.0000 - x ;
o
W 2.0000 1 00000 fomend—- ———
@ 0.0000 1- : o ? 200 - |p00 600 {TO
-2.0000 £ 800 -5.0000 -
TIME (ms) _ TIME (ms)
CENTER SEAT PAN Z FORCE (LB) HEAD X ACCEL (G)
N 500.0000 30.0000
Z  400.0000 & 25.0000 1
— n -l I
= @ 300.0000 i 20.0000
< = Q 15.0000 { .
W W 200.0000 - < :
a e » » 10.0000 {
& 0.0000 == G £ 00000 fmml— Ay
~100.0000 0 : 0 50000 & 200400600800
TIME (ms) TIME (ms)
RIGHT LAP X FORCE (LB) SHOULDER X FORCE (LB)
& 700.0000 — & 250.0000 -
W 600.0000 1 W 200.0000 { - G
& 500.0000 { .. ) o o
@ 400.0000 § & 150.0000 { - - 0k
& 300.0000 { > 100.0000 1 L
3 2000000 1 - & 500000 .
£ 100.0000 { = o i
€ 0.0000 4= 5 00007 "o
0 200 400 600 800 | » -50.0000 £ 89
TIME (ms) TIME (ms)

Test Subject HTA 1627 Cell C2




SLED X ACCEL (G)

SLED X ACCEL (G)

12.0000
10.0000 1.
8.0000 1 -
6.0000 -
4.0000 {.
20000 {

0.0000 e

400

| Tateaam s R
800

-2.0000 ¢ 200
TIME (ms)

CENTER SEAT PAN 2

CENTER SEAT PAN Z FORCE

1200.0000

(LB)

1000.0000 { - -
800.0000 {
600.0000 -
400.0000 §
200.0000 {

0.0000 +— ’ .

FORCE (LB)

0 200 400
TIME (ms)

Y

600

800

RIGHT LAP X FORCE (LB)

RIGHT LAP X FORCE (LB)

800.0000

700.0000 {
600.0000 1
500.0000 {
400.0000 -
300.0000 {*
200.0000 {
100.0000 { .~ ../ v

0.0000 Hseme y \

0 200 400
TIME (ms)

T

600

800

CHEST X ACCEL (G)

15.0000

CHEST X ACCEL (G)

10.0000 -
5.0000 {

0.0000

| IR\

0
-5.0000 -

-10.0000

‘ T v rv‘w wv bu -
200 \fOO ©. 800" - 800

TIME (ms)

HEAD X ACCEL (G)

20.0000

HEAD X ACCEL (G)

15.0000 -

10.0000 {

5.0000 -

0.0000

-5.0000

TIME (ms)

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

300.0000

250.0000 4

200.0000 -

150.0000 {

100.0000 {

50.0000 {

0.0000 =

400

200

-50.0000 &~

TIME (ms)

Test Subject HIA 1720 Cell C2
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SLED X ACCEL (G) CHEST X ACCEL (G)
12.0000 — : 20.0000
o) 10.0000 + @ 15.0000 -
1 -
g 8000 @ 10.0000 |
8 6.0000 1 S 40000
< a0000 > 1
g 2.0000 @ 0.0000
@ 0.0000 , S -5.0000 T
-2.0000 & 800 -10.0000
TIME (ms) TIME (ms)
CENTER SEAT PAN Z FORCE (LB) HEAD X ACCEL (G)
N 200.0000 15.0000
Z B ‘ —~
& o 150.0000 { . S 10.0000 -
o :
W W 100.0000 { g 500001
mg » : A
E i 50.0000 {° 5 00000 o ” '
z | ‘ 3 ) 200 »4oo\\rlsoo 800
o 00000 ; - , T '50000 1 . . . " TR
0 200 400 600 800 -10.0000
TIME (ms) TIME (ms)
RIGHT LAP X FORCE (LB) SHOULDER X FORCE (LB)
& 300.0000 & 350.0000
ﬁ 250.0000 {, 3 300.0000 -
© 200.0000 {' . © 250.0000 {
2 150.0000{ "  200.0000 4
x 100.0000 o 150.0000 1
3 w0l ff 100.0000 -
£ 50.0000 { S 50.0000 1
§  0.0000 pread———r— : S 00000 prwml N
& .50.0000 200 400 600 800 ¥ -50.0000 &—r - 6800
TIME (ms) TIME (ms)

Test Subject HIA 1611 Cell C5
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SLED X ACCEL (G)

SLED X ACCEL (G)

12.0000
10.0000 1
8.0000 {
6.0000 4
4.0000 4
2.0000 4 -

0.0000
-2.0000 &

TIME (ms)

CENTER SEAT PAN 2

CENTER SEAT PAN Z FORCE (LB)

350.0000

300.0000 {
250.0000 4 =
200.0000 4 -
150.0000 {:
100.0000 { .
50.0000 {

FORCE (LB)

0.0000

-50.0000 8- 200400 B0 8O0

RIGHT LAP X FORCE (LB)

RIGHT LAP X FORCE (LB)

450.0000

400.0000 {
350.0000 |
300.0000
250.0000 "
200.0000 {**
150.0000 {
100.0000 {°
50.0000 { . S
0.0000 el oo T

0 200 400 600
TIME (ms)

800

CHEST X ACCEL (G)

CHEST X ACCEL (G)

15.0000
10.0000 A

5.0000 {

0.0000

-5.0000
-10.0000 -
-15.0000

o

TIME (ms)

HEAD X ACCEL (G)

25.0000

HEAD X ACCEL (G)

20.0000 -
156.0000 -

10.0000 - -

5.0000 -
0.0000

-5.0000 ¢
-10.0000 { -

-15.0000 § -

-20.0000 -
-25.0000

TIME (ms)

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

450.0000

400.0000 §

350.0000 { -

300.0000 -

250.0000 1"

200.0000
150.0000 4

100.0000 { .
50.0000 {

0.0000

60,0000 §-——-pgg——800———800——800

TIME (ms)

Test Subject HIA 1628 Cell C5
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SLED X ACCEL (G)

SLED X ACCEL. (G)

12.0000
10.0000 -
8.0000 {.
6.0000 |. -
4.0000 -
2.0000{

0.0000 ,
-2.0000 & 200

~400

M
800

TIME (ms)

CENTER SEATPAN Z

CENTER SEAT PAN Z FORCE

(LB)

500.0000
400.0000 { -
300.0000 {
200.0000 {
100.0000 {

FORCE (LB)

0.0000 A=

200 400

- 600

-100.0000 £
TIME (ms)

RIGHT LAP X FORCE (L.B)

RIGHT LAP X FORCE (LB)

500.0000
400.0000 { . .
300.0000 |
200.0000 {
100.0000 4 - |

0.0000 4=

200

-100.0000 &~
TIME (ms)

CHEST X ACCEL (G)

CHEST X ACCEL (G)

15.0000
10.0000 1

50000 {

0.0000 v

-5.0000 -

-10.0000
TIME (ms)

HEAD X ACCEL (G)

HEAD X ACCEL (G)

20.0000
15.0000 -
100000 {

5.0000

0.0000 e

-5.0000 ?
TIME (ms)

SHOULDER X FORCE (LB)

SHOULDER X FORCE (LB)

500.0000
400.0000
300.0000 -
200.0000 1 -
100.0000 '

0.0000 Jenvete

-100.0000 &
TIME (ms)

Test Subject HIA 1609 Cell C6
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SLED X ACCEL (G)

SLED X ACCEL (G)

12.0000
10.0000
8.0000 -
6.0000

4.0000

2.0000 -

0.0000
-2.0000

T Mu—-'-

TIME (ms)

CHEST X ACCEL (G)

CHEST X ACCEL (G)

16.0000
14.0000 -
12.0000
10.0000 1 .
8.0000
6.0000 -
4.0000
2.0000

0.0000
-2.0000

600

-4.0000
TIME (ms)

CENTER SEAT PAN 2

CEN

500.0000
400.0000 {

FORCE (LB)

300.0000 {
200.0000 {.
100.0000 4 -

TER SEAT PAN Z FORCE (LB)

HEAD X ACCEL (G)

0.0000 T T T

0 200 400 600
TIME (ms)

HEAD X ACCEL (G)

25.0000 T~
20.0000 {
15.0000
10.0000 { -
5.0000 { ..

0.0000 Nt
50000 8200 400 600

TIME (ms)

RIGHT LAP X FORCE (LB)

800.0000

700.0000 1
600.0000

500.0000

400.0000 {: -

300.0000
200.0000
100.0000

0.0000

-100.0000

RIGHT LAP X FORCE (LB)

4 D06 A OO PR -Y.. VY

SHOULDER X FORCE (LB)

U KUV UUJ

TIME (ms)

SHOULDER X FORCE (LB)

600.0000
500.0000 {
400.0000 {
300.0000 {
200.0000 {.
100.0000 4 -

0.0000 s

1000000 &——200 400 600 - &

TIME (ms)

Test Subject HIA 1672 Cell C6




APPENDIX C

IMPACT SLED AND SEAT CONFIGURATION




——— load Cell ;

Tosi-

tlon nx 0" nz" Function
1 ¢ 0 0 Zero reference
2 -2.25 000 -1.00  Seat lowl «3
3 -L600 -5.2 1,00 Seat Losd #2
4 -1600 5.2 -1.00  Secat load ¥}
[ i+4.00 -4.75 -1.00 Scat Load #4
6 +4.00 44,75 -1.00  Seat Loud #5
7 +2.25  49.55 -1.80  Left lup at "0
8 -0.75  +9.55 -1.80  Left lap at "3
9 -0.75 -9.40 -1.75 Right lap at “e3"
10 +2.258 -v.40  -1.75 Right lap at “0o"
11 See shoulder derail Shoulder lond
= Position 1is at the center of the
tntersection of the seat back and seat
o £
= Triaxial load cell dimensions reference [N I
to center of clevis, / St
= Seat pan luvad cells (2, 3 and  4) dimen- SO
sions reference 1o contact point on seut. A RN
. ~
= Scut pan kead cells (5 and 61 dimensions 1 ~ <N o
relerence to the hinge point. { SO
~
= Arrows indiciate the direction of foading ! \::\
= lead cells at left lap, right lap and i RN
shoulder are wria.xial cells. 1] 12%48 7
= Shoulder loud cell i adjustable along { +2 ek l,l
its X" axis (see shoulder detuil), ! -7 WS 1y
'
= Jap toad cells are movable along their ! AL llll
oy oaxis, Foints 7 and 10 are desig- / 11
nated "' positions: points K and Y are ' it
designated "+3" positions, II Iy
= lap load cells are oriented with their ! 1
"Y' axis paratlel to the seat "X axis. P I
The clevix_for the harness mouning is ]l'
rotated 25 tmard the seat. l, Iy
, 1
' 1
! !
! o
1 1
! 1)
1 1y
"‘ BERO REF, - SEAT N
U CCORDINATE SYSTEM “’

-~
12°40° I

g HOUE o7 3 s, g

Seat Geometry
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SHOULDER
LOAD Cepy
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EEAT BALK ZEHOULTER

% ALTERING
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SHOOLTER
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ARL MEA SMERTS
MLFEENCEDS TS
SLED FLOOR

@) TRALJING NOT TO SCALE

SHOULDER LOAD
CeLL DETAIL

T RESTRAINT SYSTEMS
i 4 DYNAMICS PROGRAM
PART 2 - REVISION B

T +He—  ZERO REF-SEAT {4 NOVEMBER 1918
S~ COOREGINATE SYSTEM B A

Shoulder Load Cell




ats Inchus
Poin (Contimeters)
No. X Y 1
Center 0 0 0
Reference] 1 (0) (0} {0}
Load Cel1| 2 -4.88 Q «2.46
-12.40) (0) {-6.28)
Losd Cell ] 3 -16.18 «5.02 -2.46
-43.10 §(-12.75} (-6.24)
Load CelV| 4 -16.18 +5.02 -2.46
(-41.10){(+12.75) (-6.24}
bioad Cet]| 5 | -13.96 0 -3.39
(-38.00)f (o) ]{-8.62)
Triaxial [ +1.57 +9.00 -1.77
Load Cell {+4.00)f{+22.8¢) {-4.50)
Triaxial 7 +1.57 -9.00 «1.77
Load Cell (+4.00)1{-22.86) (-4.50)
s
Triaxisl 8 +11.83 0 +26.78
Load Cell {+30.00" 0 (+68.00)
Load Link} 9 -7.4¢ -2.07 -3.95
(-18.90)} (-5.25)] (-7.44)
Load Link] 10 -8.23 +5.00 -3.05
(+20.50)](+15.25Y] (-7.4)
Load Link] 11 -8.23 -6.00 -3.05
(-20.90)](-15.25)] (-7.44

* potating in XZ Plane

LOAD CELLS 5. 6. 7 & 8 PROVIDE
A POSITIVE OUTPUT VOLTAGE WHEN
SELT IS PULLED TO CENTER AXIS.

+Z
| ey FIXED MOUKTED LOAD CELLS 2, 3. 4
’," I N AND LOAD LINKS 8, 10, 11 PROVIDE
o A POSITIVE OUTPUT VOLTAGE WHEN
2Ly I PRESSURE 15 APPLIED AS SHOWN.
1

RESTRAINT SYSTEM DYNAMICS
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Seat Load Instrumentation
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