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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), formeriy 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. 

HI 



TfflS PAGE LEFT BLANK INTENTIONALLY 

IV 



TABLE OF CONTENTS 

PAGE 

INTRODUCTION • 1 

METHODS  1 

RESULTS 4 

DISCUSSION  8 

CONCLUSIONS •  10 

REFERENCES H 

APPENDIX A. Statistical Comparisons Between Test Configurations 12 

APPENDIX B. Sample Test Data 17 

APPENDIX C. Impact Sled and Seat Configuration 42 



LIST OF FIGURES 

FIGURE PAGE 

1 Male Subject Prior to Impact Test on Horizontal Impulse Accelerator  2 

2 Test Configurations 3 

3 Head Acceleration Test Cell and Regression Plot  6 

4 Chest Acceleration Test Cell and Regression Plot 6 

5 Shoulder Strap Force Test Cell and Regression Plot  7 

6 Lap Belt Force Test Cell and Regression Plot  7 

7 Seat Pan Force Test Cell and Regression Plot    8 

LIST OF TABLES 

TABLE PAGE 

1 Test Cell Matrix  3 

2 Means and Standard Deviations for 6 G Tests 4 

3 Means and Standard Deviations for 8 G Tests    4 

4 Means and Standard Deviations for 10 GTests 4 

VI 



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 cra*sh. 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 lbs) and two females (116-123 lbs) 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 lbs 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. 



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 NOMG LAP BELT TE-DOWN LOCATION SHOULDER HARNESS ANGLE (DEG) 

Al 6 Zero reference point 0 
A2 6 3 inches forward of zero ref point 0 

A5 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 2^ro 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 low 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 A5 A6 

Head X (G) 9.1 ±1.8 8.9 ±1.2 9.8 ±2.7 8.7 ±1.6 
Head Z (G) 6.6 + 3.8 5.2 ±2.9 7.9 ±2.0 6.6 ±1.9 

Chest Result (G) 10.7 ± 2.5 9.7 ±0.4 10.2 ±1.0 9.6 ±0.8 
Seat Pan R (lb) 829.1 ±118.6 1026.7 ±132.3 644.1 ±126.3 824.1 ± 142.2 

Lap Force R (lb) 912.6 ±202.2 1161.1 ±168.1 955.3 ± 264.0 1106.5 ±266.1 
Should Force R (lb) 484.0 ± 80.7 590.8 ±156.1 502.2 ± 146.9 561.1 ± 175.5 

Table 3. Means and Standard Deviations for 8 G1 ests 
Bl B2 B5 B6 

HeadX(G) 12.9 ±2.2 15.2 ±3.5 13.0 ±2.9 14.2 ± 3.0 
Head Z (G) 10.1 ±4.2 11.8 ±5.0 9.3 ±2.8 13.4 ±4.0 

Chest Result (G) 14.5 ±2.1 15.4 ±3.1 15.2 ± 3.0 12.6 ± 0.9 
Seat Pan R (lb) 1044.2 ±112.3 1303.2 ±210.5 946.8 ± 210.7 1113.6 ±175.9 

Lap Force R (lb) 1396.3 ±262.9 1570.5 ±322.1 1376.9 ± 334.6 1499.3 ± 380.0 
Should Force R (lb) 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) 17.6 ±4.0 21.6 ±5.6 16.8 ±4.6 20.0 ±3.7 
HeadZ(G) 15.9 ±5.8 16.3 ±6.1 15.1 ±7.3 16.3 ± 6.8 

Chest Result (G) 20.3 ±5.6 15.5 ±1.3 17.1 ±2.4 15.8 ±1.2 
Seat Pan R (lb) 1224.9 ±218.5 1553.7 ± 267.8 1119.8 ±186.2 1241.6 ±234.6 

Lap Force R (lb) 1599.8 ± 388.3 1864.1 ±521.1 1629.7 ± 466.3 1723.0 ±425.0 
Should Force R (lb) 851.9 ±241.9 973.5 ±310.5 933.1 ± 198.0 1078.8 ± 267.9 

Statistical comparisons between the various cells in each -Gx level run are listed in Appendix A. 
Of the 108 separate comparisons, only nine produced statistically significant differences at p = 
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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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 Cl, 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 Cl), 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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Table Al. T-test Comparison of Cells Al and A2 
Al A2 %DIFF SIGNIF 

Head X (G) 9.112511.8015 8.897211.2445 -1% NSD 
Head Z (G) -6.62 ± 3.77 -5.22 ± 2.89 +21% NSD 

Chest Result (G) 10.75 ± 2.54 9.69410.431 -10% NSD 
Seat Pan R (lb) 829.1 ± 118.6 1026.7 1132.3 +24% P = 0.01 

Lap Force R (lb) 912.6 ±202.2 1161.11168.1 +27% P = 0.03 
Should Force R (lb) 484.0 ± 80.7 590.81156.1 +22% NSD 

Table A2. T-test Comparison of Cells Al and A5 
Al A5 %DIFF SIGNIF 

Head X (G) 9.1125 ±1.8015 9.7559 12.7342 +7% NSD 
Head Z (G) -6.62 ± 3.77 -7.9012.04 -19% NSD 

Chest Result (G) 10.75 ± 2.54 10.1610.97 -5% NSD 
Seat Pan R (lb) 829.1 ± 118.6 644.11126.3 -22% P = 0.03 

Lap Force R (lb) 912.6 ± 202.2 955.3 1264.0 +5% NSD 
Should Force R (lb) 484.0 ± 80.7 502.21146.9 +4% NSD 

Table A3. T-test Comparison of Cells Al and A6 
Al A6 %DIFF SIGNIF 

Head X (G) 9.1125 ±1.8015 8.703911.6501 -4% NSD 
HeadZ(G) -6.62 ± 3.77 -6.6211.89 0% NSD 

Chest Result (G) 10.75 ± 2.54 9.62710.812 -10% NSD 
Seat Pan R (lb) 829.1 ± 118.6 824.11142.2 -1% NSD 

Lap Force R (lb) 912.6 ±202.2 1106.51266.1 +21% NSD 
Should Force R (lb) 484.0 ± 80.7 561.11175.5 +16% NSD 

Ta 3le A4. T-test Comparison of Cells A2 and A5 
A2 A5 %DIFF SIGNIF 

Head X (G) 8.8972 ± 1.2445 9.755912.7342 +10% NSD 
Head Z (G) -5.22 ± 2.89 -7.9012.04 -51% NSD 

Chest Result (G) 9.694 ±0.431 10.1610.97 +5% NSD 
Seat Pan R (lb) 1026.7 ± 132.3 644.11126.3 -63% P = 0.0001 

Lap Force R (lb) 1161.1 ±168.1 955.31264.0 -18% NSD 
Should Force R (lb) 590.8 ± 156.1 502.21146.9 -15% NSD 

Ta Die A5. T-test Comparison of Cells A2 and A6 
A2 A6 %DIFF SIGNIF 

Head X (G) 8.8972 ±1.2445 8.703911.6501 -2% NSD 
HeadZ(G) -5.22 ± 2.89 -6.6211.89 -27% NSD 

Chest Result (G) 9.694 ±0.431 9.62710.812 -1% NSD 
Seat Pan R (lb) 1026.7 ± 132.3 824.11142.2 -20% P = 0.03 

Lap Force R (lb) 1161.1 ± 168.1 1106.51266.1 -5% NSD 
Should Force R (lb) 590.8 ± 156.1 561.11175.5 -5% NSD 
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Table A6. T-test Comparison of Cells A5 and A6 
A5 A6 %DIFF SIGNIF 

Head X (G) 9.7559 ± 2.7342 8.703911.6501 -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 (lb) 644.1 ± 126.3 824.1 ±142.2 +28% NSD 

Lap Force R (lb) 955.3 ± 264.0 1106.5 ±266.1 +16% NSD 
Should Force R (lb) 502.2 ± 146.9 561.1 ±175.5 +12% NSD 

Ta bleA7. T-test Comparison of Cells Bl and B2 
Bl B2 %DIFF SIGNIF 

Head X (G) 12.90 ±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 15.4 ±3.1 +6% NSD 
Seat Pan R (lb) 1044.2 ±112.3 1303.2 ±210.5 +25% NSD 

Lap Force R (lb) 1396.3 ±262.9 1570.5 ±322.1 +12% NSD 
Should Force R (lb) 733.7 ±112.9 776.6 ± 226.8 +6% NSD 

Ta bleA8. T-test Comparison of Cells Bl and E J5 
Bl B5 %DIFF SIGNIF 

Head X (G) 12.90 ±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 (lb) 1044.2 ± 112.3 946.8 ± 210.7 -9% NSD 

Lap Force R (lb) 1396.3 ± 262.9 1376.9 ±334.6 -1% NSD 
Should Force R (lb) 733.7 ± 112.9 823.2 ± 187.7 +12% NSD 

Ta bleA9. T-test Comparison of Cells Bl and E 56 
Bl B6 %DIFF SIGNIF 

Head X (G) 12.90 ±2.19 14.16 ±3.01 +10% NSD 
HeadZ(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 (lb) 1044.2 ±112.3 1113.6 ±175.9 +7% NSD 

Lap Force R (lb) 1396.3 ± 262.9 1499.3 ± 380.0 +7% NSD 
Should Force R (lb) 733.7 ±112.9 818.2 ±185.2 +12% NSD 

Table AlO. T-test Comparison oi r Cells B2 and ] B5 
B2 B5 %D1FF 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) 15.4 ±3.1 15.2 ±3.0 -1% NSD 
Seat Pan R (lb) 1303.2 ±210.5 946.8 ± 210.7 -27% P = 0.03 

Lap Force R (lb) 1570.5 ±322.1 1376.9 ± 334.6 -12% NSD 
Should Force R (lb) 776.6 ± 226.8 823.2 ± 187.7 +6% NSD 
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Table All. T-test Comparison o f 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 ±4.97 -13.37 ±4.05 -14% NSD 

Chest Result (G) 15.4 ±3.1 12.65 ±0.87 -18% P = 0.05 

Seat Pan R (lb) 1303.2 ±210.5 1113.6 ±175.9 -14% NSD 
Lap Force R (lb) 1570.5 ± 322.1 1499.3 ± 380.0 -5% NSD 

Should Force R (lb) 776.6 ± 226.8 818.2 ±185.2 4-5% NSD 

Table A12. T-test Comparison o f Cells B5 and B6 
B5 B6 %DIFF SIGNIF 

Head X (G) 12.98 ± 2.95 14.16 ±3.01 4-9% NSD 
Head Z (G) -9.33 ± 2.77 -13.37 ±4.05 -43% NSD 

Chest Result (G) 15.2 ± 3.0 12.65 ±0.87 -17% P = 0.05 

Seat Pan R (lb) 946.8 ± 210.7 1113.6 ±175.9 -1-18% NSD 
Lap Force R (lb) 1376.9 ± 334.6 1499.3 ± 380.0 -1-9% NSD 

Should Force R (lb) 823.2 ±187.7 818.2 ±185.2 -1% NSD 

Table A13. T-test Comparison o1 fCellsClandC2 
Cl C2 %DIFF SIGNIF 

Head X (G) 17.5619 ± 4.0002 21.6126 ±5.6232 -1-23% NSD 
HeadZ(G) -15.9 ±5.8  J -16.3 ±6.1 -3% NSD 

Chest Result (G) 20.3 ± 5.6 15.5 ±1.3 -24% NSD 
Seat Pan R (lb) 1224.9 ±218.5 1553.7 ±267.8 +11% NSD 

Up Force R (lb) 1599.8 ± 388.3 1864.1 ±521.1 +n% NSD 
Should Force R (lb) 851.9 ±241.9 973.5 ±310.5 -1-14% NSD 

Table A14. T-test Comparison ol ̂ Cells Cl and C5 
Cl C5 %DIFF SIGNIF 

Head X (G) 17.5619 ± 4.0002 16.7542 ±4.5896 -5% NSD 
HeadZ(G) -15.9 ±5.8 -15.1 ±7.3 -1-5% NSD 

Chest Result (G) 20.3 ±5.6 17.1 ±2.4 -16% NSD 
Seat Pan R (lb) 1224.9 ± 218.5 1119.8 ±186.2 -9% NSD 

Lap Force R (lb) 1599.8 ± 388.3 1629.7 ±466.3 +2% NSD 
Should Force R (lb) 851.9 ±241.9 933.1 ±198.0 -1-10% NSD 

Table A15. T-test Comparison ol "Cells Cl and C6 
Cl C6 %DIFF SIGNIF 

Head X (G) 17.5619 ± 4.0002 19.98 ± 3.67 -1-14% NSD 
HeadZ(G) -15.9 ±5.8 -16.34 ±6.80 -3% NSD 

Chest Result (G) 20.3 ± 5.6 15.8 ±1.2 -22% NSD 
Seat Pan R (lb) 1224.9 ± 218.5 1241.6 ±234.6 +1% NSD 

Lap Force R (lb) 1599.8 ± 388.3 1723.0 ±425.0 +8% NSD 
Should Force R (lb) 851.9 ±241.9 1078.8 ±267.9 -H27% NSD 
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Table A16. T-test Comparison of Cells C2 and C5 
C2 C5 %DIFF SIGNIF 

Head X (G) 21.6126 ±5.6232 16.7542 ±4.5896 -22% NSD 
Head Z (G) -16.3 ±6.1 -15.1 ±7.3 +1% NSD 

Chest Result (G) 15.5 ±1.3 17.1 ±2.4 +10% NSD 
Seat Pan R (lb) 1553.7 ± 267.8 1119.8 ±186.2 -28% P = 0.01 

Lap Force R (lb) 1864.1 ±521.1 1629.7 ± 466.3 -13% NSD 
Should Force R (lb) 973.5 ± 310.5 933.1 ±198.0 -4% NSD 

Table A17. T-test Comparison oi r Cells C2 and C6 
C2 C6 %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) 15.5 ± 1.3 15.8 ±1.2 +2% NSD 
Seat Pan R (lb) 1553.7 ± 267.8 1241.6 ±234.6 -20% NSD 

Lap Force R (lb) 1864.1 ±521.1 1723.0 ±425.0 -8% NSD 
Should Force R (lb) 973.5 ± 310.5 1078.8 ± 267.9 +11% NSD 

Table Al8. T-test Comparison of ■ Cells C5 and C6 
C5 C6 %D1FF 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 ±2.4 15.8 ±1.2 -8% NSD 
Seat Pan R (lb) 1119.8 ±186.2 1241.6 ±234.6 +11% NSD 

Lap Force R (lb) 1629.7 ± 466.3 1723.0 ±425.0 +6% NSD 
Should Force R (lb) 933.1 ± 198.0 1078.8 ±267.9 +16% NSD 
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N 
z < a 
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100.0000 

50.0000 

0.0000 

-50.0000 
200 400 800 

TIME (ms) 

HEAD X ACCEL (G) 

1 e nnnn 

_ 14.0000 ■ ■   ■ ' . 1 (3 
12.0000 - 

lU 
O o 

10.0000 ■ 
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SLED X ACCEL (G) 

^   6.0000 - 
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<    3.0000 ■ /         \ 
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"■  250.0000 - 
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SLED X ACCEL (G) 
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)0 2O0          400          600 81 
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TIME (ms) 

RIGHT LAP X FORCE (LB) 

OQ  Rnn fwin 

h ■■ 

H
T 

L
A

P
 X

 F
O

R
C

E
 

■'A 
l':l[-j^^\:,'\ 

S         n /w\rt 

0            200          400          600 800 

TIME(ms) 

SHOULDER X FORCE (LB) 

_.   Afyn nnnn 

d. 140.0000 - :       ; 
g  120.0000 ■ ■ K 
g  100.0000 ■ \\ 
"■    80.0000 - I \ 
(C    60.0000 - j v 
g    40.0000 I   \ 
^    20.0000 - J    y 
g      0.0000 - \i^ i\J%              UlA H.M ^...M if    ' 

rj^*»          •\rwviW "tip 
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Test Subject HIA 1601 Cell Bl 
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TIME (ms) 
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g- 12.0000 - 
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g         50.0000 - 
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-2.0000 
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TIME (ms) 
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S   15.0000 - 
_J 
g    10.0000 - 
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<      5.0000 
X 
{J     0.0000 
lU 
g    -5.0000 

-10.0000 
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CENTER SEAT PAN Z FORCE (LB) 
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300.0000 - 
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o 
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m  300.0000 ■ l\ 
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Test Subject HIA 1681 Cell B2 
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0)    0.0000 

-2.0000 
200 400 600 800 
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J-. 14.0000 
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iij 10.0000 
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4.0000 
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X 
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I    0.0000 
"   -2.0000 

-4.0000 

TIME (ms) 

CENTER SEAT PAN Z FORCE (LB) 

Z       350.0000 ■ 
a 5" 300.0000 ■ 
5 d. 250.0000 • 
5^ g  200.0000 ■ 
OC g   150.0000 ■ 
H u.   100.0000 ■ 
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( 
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)           200        400        600 

TIME (ms) 

8C )0 
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g  15.0000 ■ 

<  10.0000 
X 
Q    5.0000 < 
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200 400 600 800 

TIME (ms) 
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—...   7nn Cif^nn - 

d.   600.0000 ■ ■        V        A-     . 
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O    400.0000 • 

><    300.0000 ■ 1 
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SLED X ACCEL (G) 
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O 8.0000 

iij    6.0000 
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<     4.0000 

D    2.0000 
UJ 

CO    0.0000 -|— 

-2.0000 
2O0 400 600 8(10 

TIME (ms) 

CHEST X ACCEL (G) 

12.0000 - 
g- 10.0000 ■ 
j     8.0000 ■ 
g     6.0000 ■ 
O    4.0000 - 
X     2.0000 - 
fc    0.0000 - 
^   -2.0000 ( 
O   -4.0000 - 

c nnnn 

A. 
10 1           200       moo         600          81 

TIME (ms) 

CENTER SEAT PAN Z FORCE (LB) 

200.0000 
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I       150.0000 

5 d. 100.0000 
lU lU 
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UJ u 

0.0000 ^ 
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TIME (ms) 

HEAD X ACCEL (G) 
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iiJ 
O  10.0000 - 
< 
X    5.0000 .- 
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;::: A  •:.:^^ 
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1           200         Moo         600 8(10 
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0           200         400         600 800 
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200 400 600 800 

TIME (ms) 

Test Subject HIA 1663 Cell B5 
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SLED X ACCEL (G) 

10.0000 

S" 8.0000 

uj    6.0000 
u 
^     4.0000 

Q    2.0000 
lU 
m   0.0000 

-2.0000 

<«w^^ii%«w*%^ 

2O0 400 600 8d)0 

TIME (ms) 

CHEST X ACCEL (G) 

14.0000 
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-2.0000 ^ 
-4.0000 

TIME (ms) 

N 
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a 

300.0000 

250.0000 

200.0000 

J^ g 150.0000 

S O 100.0000 

g 50.0000 

"    0.0000 
200   400   600 

TIME (ms) 

800 

HEAD X ACCEL (G) 

^^^ 14.0000 - r. o 12.0000 ■ 
lU 
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9 

10.0000 - 
/\ 

8.0000 ■ w < 6.0000 - 
'^ \ 

Q 4.0000 ■ A < 
Ui 
z 
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0.0000 - \M*.^^ t     X/^'*''^ 

-2.0000 i \ 269— 466 660  eeo 
TIME (ms) 

RIGHT LAP X FORCE (LB) 

CO 

^   500.0000 - 
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g   400.0000 ■ 

'    % 
2    300.0000 - /   \ 
a    200.0000 - 1  \A 
2    100.0000 - 

g        0.0000 ■ 
/      ^'-'''■''---^^ /                                 ^'**^***«» 

i         pnn       400        Rnn fij 1)0 

TIME (ms) 

SHOULDER X FORCE (LB) 

d. 350.0000 ■ K 
g  300.0000- A 
g 250.0000- n A 
"■  200.0000 - J l/\ 
a  150.0000- I     1 
g  100.0000 - 1     A 
^    50.0000 - 
O      0.0000 - J      V^..^ 
W   -50.0000 e     200 —466   000 —e^ )0 

TIME (ms) 

Test Subject HIA 1753 Cell B5 
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Test Subject HIA 1593 Cell B6 
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SLED X ACCEL (G) 

(3     8.0000 - A iu     6.0000 
o / V 
g    4.0000 /  \ 
Q     2.0000 ■ 
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<    6.0000 ■ 
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Test Subject HIA 1679 Cell B6 
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SLED X ACCEL (G) 

^r» r\nr\n 
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SLED X ACCEL (G) 

«• 10.0000 - :i^ 

-1    8.0000 - 
lU 
g    6.0000 - l\ 
^    4.0000 - /       \ 
S    2.0000 - 

W    0.0000 - 1       1 
)0 1         PDO        400        fion R( 

TIME (ms) 

CHEST X ACCEL (G) 

20.0000 

2- 15.0000 H 
-I 
lU 

g  10.0000 
< 
^    5.0000 
V) 

X    0.0000 - 
u 

-5.0000 

"Vis— 

600 8(10 

TIME (ms) 

CENTER SEAT PAN 2 FORCE (LB) 

Z       350.0000 - ;■.,■■,■/. 

2 £■ 300.0000 - A 
5 d. 250.0000 - 1 \ 
^ g  200.0000 - 1 \ 

C
E

N
T

E
R

 
FO

R
 

b
 b

 b
 b

 
o
 o

 o
 
o

 
o
 
o
 o

 
o

 
o
 
o
 o

 o
 

^'"'"'/A^'-^ ■■'■"■ /    ^.-'^..^W 
1                     1                     1 

0            200        400         600 800 

TIME (ms) 

HEAD X ACCEL (G) 

25.0000 

g 20.0000 

g  15.0000 

<  10.0000 
X 
Q    5.0000 < 
X    0.0000 ^ 

-5.0000 

TIME (ms) 

tc 
O u. 
X 
0. 

3 

RIGHT LAP X FORCE (LB) 

^ 800. 

3 700. 
lU 600. 
u 

500 
400 
300 
200 
100 

0 
-100 

0000 

0000 

0000-1 

0000 

0000 

0000 

0000 

0000 

0000 

0000 # SQQ- -4©&- -€66- -84)0 

TIME (ms) 

SHOULDER X FORCE (LB) 

^ 200.0000 
ID 

IS" 150.0000 
u a 
2  100.0000 

g    50.0000 
Q 

o 
X 
0) 

0.0000 

-50.0000 
8(10 

TIME (ms) 
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0.0000 J " 

200       400       600 

TIME (ms) 

800 

20.0000 

2- 15.0000 
_i 

O   10.0000 - 
< 
X     5.0000 
a 
«* 
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Vosl- 
Ilon 

1 
2 
J 
4 
5 
6 
7 

Seat c^fOiauto;; 

"X" "V" "Z" 

0 
-2.25 

- L16.00 
- 16.01) 

i'»4.00 
♦ 4.00 
t2.2S 

-0.75 

0 
000 

-5.2 
^5.2 
-4.75 
+4.75 
+9.55 

-0.75      +9.55 
-9.40 

0 
-1.00 
-1.00 
-1.00 
-1.00 
-1.00 
-1.80 
-1.80       Loft   1 
-1.75 

l..)iia Cell 

Zero rftVriM'.c 
.Soaf l.oa^ *3 
St-at 1.0.KI 12 

t LoaJ «1 
t l.oaJ   s.t 

So at l.oaJ  •» 
.eft lap at " 

See .=;houldcr dcrai 1 

RiSht lap at "'i 
Ri.;ht lap at "0" 
SiioulJi-'r  loaJ 

Pi.siliiMi   1 is :i I  till; ceiilcr of llic 
inlcrscctiui]  ul' (lie seal back and : 

Iriiixial  liiacl coll  diinoiHions rcl'oro 
to conlcr of clovi.-:. 

" Seat pan   lojd oolU   (2,   ^ mid    4) diino 
sioiis  rclcroiKo I c oontatt poiiil   oti s 

~ Seal pan Itiad colls  (5  aiuf 6j dirnonsioiis 
loroicncc Hi rho liinoc poinl. 

" .\n'nHs indio;t1o iho diroclion  or' ioadiiiy 

- I c-ad colls ni  loll  lap.    ri.ohl   lap  and 
shoulder are iria..\ial   cells. 

" Shoulder load cell i s adjustable alon,e 
its "X" axis (see shoulder deljil). 

~ lj)|i  load cells are movable  alony Iheir 
"r" a.\i.s.    I'oinis 7 and  10 are desitr- 
naied "0" ptisitions: points X and y are 
desiyndted "*3" (Misilioiis. 

- laip load cells are oricnied with Ihcir 
"Y" axis parallel to Ihe .seal "X" axis. 
The clevis for the harness nmunliny is 
rotated 25° iniard the seat. 

IZ'IO' 

SEAT  GEO^vlETRY 
RESTRAIflT SYSTEMS 
DYNAM 103  =HAb£: 2 REV 

Tr°i5' 

Seat Geometry 
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N0TE.5- 

F-r-'-ALLE.-!-. 

eSHSUl.OE^  LOA.t) CE.LL 

CM   -"'n^ £;HiOl_i:;tK 

© /., t- H, AHE.  VAf;iA5Lt 
'.ti\~tf\   UCS.AO  Cl=.;_l_ 

^LS-O  Fi-OCiR. 

(S; K^^JIKIS.   WOT TO  SCALE 

SHOUL-DEiR, 
LOAD ttu. 

Ce.LL 
PLAUE. 

EER.0 ■REK-St.AT 
COOB-OINATE-   SYSTEM 

SHOULDER  LOAD 
CELL    DETAIL 

RESTRAINT' SYSTEMS 
DYNAMICS   PROGRAM 

PART  2 -REVISION B 

IH  NOVfeMBEB.   m& 

Shoulder Load Cell 
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Inchi ;— 
Point 
W. 

(ffntlinctersll 

1 t z 
tenUr 
Reference 

0 
(0) 

0 
m 

0 
(0) 

tud Cell .*.S8 a 
(0) 

-2.46 
(-6.24) 

[Mi Cell -It.16 
-41.10 

-5.02 
(-12.75) 

-2.46 
(-6.24) 

Luii Cell -16.18 
t-il.lO) 

.5.02 
(•12.75) 

-2.46 
(-6.24) 

LUd Cell -14.96 
(-38.00) 

0 
(0) 

-3.39 
(-3.62) 

Tr(iiii«l .1.57 
(«4.00) 

• 9.00 
(•22.8f) 

-1.77 
(-4.50) 

TrUslal 
Ut<f Cell 

»1.57 
(rf.OO) 

-9.00 
{-22.86) 

-1.77 
(-4.501 

TrttxUl 
LoJd Cell 

♦11.63 
(.30.001 

0 
0 

.26.76 
(.«8.00) 

Lud Link -7.44 
(-18.90) 

-2.07 
(-5.25) 

-3.05 
(-7.44) 

LMd Link -8.23 
(-J0.90) 

•6.00 
(.15.25) 

-3.05 
(-7.44) 

LMd Link -8.23 
(-20.90) 

■6.00 
(-15.25) 

-3.05 
(-7.44) 

10*0 CELLS 5. 6. 7 I 8 PROVlDt 
« POSITIVE OUTPUT V0lT«GE UlltN 
ItLT IS PULLEO TO CENTER »klS. 

FIXED BOUNTEO LOAD CEILS 2, 3. 4 
urn  LOAD LINKS 9. 10. II PROVIOE 
» POSITIVE OUTPUT VOlTJOE "HEN 
PKESSURE IS APPLIED AS SHOWN. 

• ItoUtIng tn H Pl4ne 

RESTRAINT SYSTEM DYNAMICS 
SEAT LOAD INSTRUMENTATION 

Seat Load Instramentation 
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