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Introduction

As part of the SID-IIs FRG dummy evaluation of the National Highway Traffic Safety
Administration (NHTSA), repeatability and reproducibility (R&R) of the SID-IIs FRG dummy
were analyzed. In December 2003, two SID-IIs dummies of the FRG design configuration
(described in detail in “Development of the SID-IIs FRG,” Rhule et al, November 2003) were
tested on the Hyge sled at TRC.

Methods

Two test conditions were selected for R&R assessment of the SID-IIs FRG: a 6.7 m/s Rigid Flat
Wall test and a 6.7 m/s Rigid Abdomen Offset test. After five 6.7 m/s flat wall tests were
performed, it was discovered that the shoulder rib sometimes contacted its rib stop, as its peak
deflection was just reaching maximum stroke. The flat wall and abdomen offset test speeds were
reduced to 6.0 m/s in order to achieve a reasonable amount of rib deflection, without reaching
maximum stroke, to allow analysis of the dummy’s repeatability and reproducibility. The test
matrix is shown in Table 1.

Table 1. SID-IIs FRG R&R Sled Test Matrix

Wall Configuration Wall Stiffness | Impact Speed (m/s) | Quantity of Tests
Flat Rigid - 6.7 5
Flat Rigid 6.0 5
Abdomen Offset Rigid 6.0 6

Test Setup
Two SID-IIs FRG dummies, serial numbers 032 and 056, were seated in either the left or right

buck position on the Dual Occupant Side Impact sled buck (Figure 1). For the flat wall tests, the
dummies were switched between the left and right buck positions partway through each series of
five tests. For the offset tests, the dummy positions did not change; dummy 032 was seated in
the right buck position and dummy 056 was seated in the left buck position. For the flat wall
tests, the dummies’ impact-side arm was positioned down such that the arm would make first
contact with the wall. During the abdomen offset tests, the dummies were positioned with their
arms up so that the ribs would make first contact with the offset. Before each test was
conducted, the dummies were positioned at a specified distance from the wall such that the
dummy-to-wall interaction would occur as the sled reached constant velocity. In order to
provide a most repeatable test environment, precautions were taken to reduce any factors of
variability due to the test setup. Pre-test setup measurements of the dummy target locations were
taken for the first test of each series. For each subsequent test in the series, these dimensions
were matched to within 10 mm or better in order to position the dummies consistently from test
to test.

The buck was designed such that two dummies could be tested simultaneously, each being
subjected to the same sled pulse, thereby reducing the test-to-test variability in this repeatability
and reproducibility series. Each dummy was positioned on a Teflon-covered bench seat, with




two Teflon-covered rails to support the dummy from behind as shown in Figure 2.

D irection of buck motion

Figure 1. Dual Occupant Side Impact sled buck, showing left
and right dummy peositions

Teflon-covered
support rails and
benchseat

Distance to
Impact wall

Figure 2. Flat wall test setup

For the flat wall test condition, the wall was 253 mm high from the front edge of the seat, and
extended from behind the seat back surface to 26 mm before the front edge of the seat, as shown
in Figure 3. For the offset test condition, the same flat wall was used, with a wooden offset
block attached such that the dummy’s lower thoracic rib and both abdominal ribs would impact
it. The block was designed to provide a test environment with severe loading of the abdominal
region. The location of the offset block on the impact wall is shown in Figure 3 and a drawing of
the offset is shown in Figure 4. Figure 5 shows a photo of the pre-test setup for the offset tests.
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Figure 3. Side view of Dual Occupant Side Impact sled
buck shown with offset block
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Figure 4. Offset block dimensions
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Sled Pulse

The sled pulse for each test condition was a half sine wave, with the peak accelerations and
durations shown in Table 2. Figures A.1, B.1 and C.1 in Appendices A, B and C, respectively,
show overlays of the repeated sled acceleration data traces for each test condition. Figures A.2,
B.2 and C.2 in Appendices A, B and C, respectively, show overlays of the repeated sled velocity
data traces for each test condition.

Table 2. Sled Pulse Specifications

Target Peak Peak
Impact |Acceleration|Duration
Speed (m/s) ® (ms)
Flat Rigid Wall 6.7 13.41 80
Flat Rigid Wall 6.0 12 80
Rigid Abdomen Offset 6.0 12 80

Data Collection

Instrumentation used in the two dummies during sled tests is shown in Table 3. The dummies
were instrumented with sensors to record the proposed measures for injury criteria': HIC 36,
peak resultant lower spine (T12) acceleration, peak thorax and abdomen rib deflections, and the
sum of acetabulum and iliac wing forces. Data was collected at 12,500 Hz and filtered according
to SAE J211, where appropriate, except for proposed injury criteria measures that required a
different filter class. Filter classes used are shown in Tables 4, 5 and 6 in the Results and
Discussion section. A contact switch was positioned on each dummy to indicate when contact of
the dummy to the wall occurred.

" Kuppa, S., “Injury Criteria for Side Impact Dummies”, May 2004.




Table 3. Instrumentation for SID-IIs FRG R&R Sled Series

# channels | # channels Total #
Location | Measurement | Direction | Dummy Dummy channels
SN 032 SN 056 | per test

Head Acceleration X,Y,Z 9 9
Force XY, Z 3 3
Upper Neck Moment XY, Z 3 3
Shoulder Acceleration XY, Z 3 3
T1 Acceleration | X,Y,Z 3 3

T12 Acceleration X,Y,Z 3 3 24
Dummy Ribs Displacement Y 6 6
Lumbar Force Y 1 1
Moment X 1 1
Acetabulum Force Y 1 1
Thac Wing Force Y 1 1
Pelvis Acceleration X, Y,Z 3 3

Sled Acceleration X

Sled Sled Velocity X 4
Load Wall Event N/A 1 1

TOTAL 78

Head Motion

High-speed digital video cameras were positioned in front of each dummy in order to capture
head translation. In order to evaluate whether the head maximum translation was repeatable and
reproducible, the lateral and vertical positions of the dummy’s head at maximum lateral
translation were recorded for each test. All head translations were calculated relative to the
initial position noted in Figure 6.

Initial position used
in motion analysis

Figure 6. Typical high-speed digital video fram

showing dummy head at maximum lateral
translation, with head target and initial position

used in motion analysis labeled.




Results and Discussion

6.7 m/s Flat Wall Tests

The shoulder displacement and upper spine (T1) acceleration measurements were not included in
the R&R analysis for the 6.7 m/s Rigid Flat Wall tests since the shoulder rib potentiometer
almost always reached maximum stroke, affecting the upper spine accelerations. Figure 7 shows
a typical occurrence during the 6.7 m/s Flat Wall tests. The crosshair in Figure 7 denotes when
the rate of change of the shoulder lateral acceleration begins to increase significantly, indicating
that the shoulder rib has contacted its rib stops. At this same time, the upper spine lateral
acceleration increases. Additionally, the R&R of the shoulder deflections cannot fairly be
analyzed since the potentiometer reached maximum stroke during the tests. Due to the effect of
the shoulder rib contacting its rib stops, the shoulder deflection and upper spine accelerations
were not used in the R&R analysis for the 6.7 m/s Flat Wall tests. However, given that five
repeat tests were performed with two dummies, the data from the remaining channels could still
be used to analyze the R&R of the dummy. It should be noted that although the shoulder
potentiometer reached maximum stroke, the dummy remained intact and did not sustain any
damage. The improved rib stops proved to be successful at preventing damage to the
instrumentation and dummy.

Curve# 1 Chandt 57 SHLYGB (g) 12500 Hz 4126 Points - u\BIOWATRICKB\SIDIis and ES-2 Tests\SIDlis
DxRawASO31208-tm.dx3  02-26-2004 15:36:51 Scale for units: g =-600 to 300, mm = 36 to 56
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Figure 7. Shoulder deflection (green), upper spine (T1) lateral
acceleration (red), and shoulder lateral acceleration (blue) for
dummy 056 during Test 8-1 of the 6.7 m/s Rigid Flat Wall sled
test series, showing effect on acceleration as shoulder rib
potentiometer reaches maximum stroke.




Table 4 shows the average, standard deviation and percent coefficient of variation (%CV) for
each pertinent peak dummy response individually, and both dummy responses together, from the
6.7 m/s Rigid Flat Wall sled tests. The dummy rating practice of the ISO/TC22/SC12/WG5
indicates that a CV between 0 and 5% is considered excellent; between 5% and 10% is good,
with the CV becoming borderline acceptable as it approaches 10%. Any CV above 10% is
considered poor. The CV’s are color-coded in the table for easy identification: green indicates a
CV between 0 and 5%; yellow indicates a CV between 5.1 and 10%, and pink indicates a CV
above 10%. Tables A.1 and A.2 in Appendix A show the peak values and statistical analyses,
respectively, for pertinent responses during the 6.7 m/s Rigid Flat Wall tests. Figures A.1
through A.23 in Appendix A show overlay plots of the repeat data traces for each dummy.

Although the pelvis lateral acceleration responses appear to have acceptable R&R, it should be
noted that the maximum values in Table 4 were taken from the second set of peaks in the data
traces. Figures 8 and 9 show the double peak that occurs in the lateral pelvis acceleration data
traces for dummy 032 and dummy 056, respectively. As shown in Figures 8 and 9, the second
pelvis lateral acceleration peak is much more consistent than the first. If the highest peak is
used, an inconsistent set of data is being used to calculate the statistics since the maximum
acceleration for each test does not always occur at the same time. Since the second peak lateral
pelvis acceleration is consistent and the first peak response is inconsistent, the first peak response
is undesirable. Further investigation is required to determine what is responsible for the initial
peak and subsequent valley in the lateral pelvis acceleration response.

Table 4 shows that dummies 032 and 056 demonstrate excellent or good repeatability in all
measurements, except for the lumbar force and moment measurements for dummy 056 where the
CV’s are 10.3% and 16.1%, respectively. Figures 10 and 11 show overlay plots of the lumbar
force and moment data traces, respectively, for dummy 056 during the 6.7 m/s Rigid Flat Wall
tests. The curves for the lumbar force and moment for the last two tests have a different shape
than those for the previous three tests. The lumbar force curves have single-peak shapes for the
last two tests, whereas the first three tests have a double-peak shape. The peaks of the single-
peak test data are larger than the others, causing the standard deviation for lumbar force to be
large, thereby increasing the CV. Although the CV’s for lumbar force and moment are relatively
large, these responses are primarily used for research and do not appear to negatively affect the
responses of adjacent body segments. However, it is suspected that the cause of the inconsistent
first peak and subsequent valley observed in the lateral pelvis acceleration response may also be
affecting the measurements in the lumbar region.
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Figure 8. Pelvis lateral acceleration data traces for dummy 032
during 6.7 m/s Rigid Flat Wall sled tests.
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Figure 9. Pelvis lateral acceleration data traces for dummy 056
during 6.7 m/s Rigid Flat Wall sled tests.
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Figure 10. Lumbar lateral shear force data traces for dummy
056 during 6.7 m/s Rigid Flat Wall sled tests.
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Figure 11. Lumbar lateral bending moment data traces for
dummy 056 during 6.7 m/s Rigid Flat Wall sled tests.
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When the data for both dummies are combined, Table 4 shows that both dummies demonstrate
excellent or good reproducibility for all measurements except the upper neck x moment, lumbar
force and lumbar moment. The lack of reproducibility of the lumbar force and moment is due to
the response of dummy 056 in the last two tests of the series, discussed above. The high CV of
the negative upper neck lateral bending (-x) moment is explained by the difference in averages of
the two dummies. The average negative peak upper neck lateral bending (-x) moment for
dummy 032 is 25.0 N-m and for dummy 056 is 30.2 N-m. Figure 12 shows an overlay plot of
the upper neck lateral bending moment data traces for dummies 032 and 056 during 6.7 m/s
Rigid Flat Wall sled tests. Each dummy’s repeatability of the negative peak upper neck x
moment is excellent, with CV’s of 1.8% and 2.4%. Although the neck moment reproducibility
appears relatively poor, the head displacement data shows good and excellent R&R and the
certification data shows the two necks to perform similarly.
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Figure 12. Upper neck lateral bending moment data traces for
dummies 032 and 056 during 6.7 m/s Rigid Flat Wall sled tests.
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6.0 m/s Flat Wall Tests

Table 5 shows the average, standard deviation and percent CV for each peak dummy response
individually, and both dummies’ responses together, from the 6.0 m/s Rigid Flat Wall sled tests.
Tables B.1 and B.2 in Appendix B show the peak values and statistical analyses, respectively, for
pertinent responses during the 6.0 m/s Rigid Flat Wall tests. Figures B.1 through B.24 in
Appendix B show overlay plots of the repeat data traces for each dummy. Table 5 shows that
dummies 032 and 056 demonstrate excellent or good repeatability in all measurements, except
for the vertical head displacement for dummy 032 and the resultant pelvis accelerations for both
dummies.

Although the maximum vertical head displacement of dummy 032 yields a CV of 13%, the
standard deviation is only 13.8mm, which is quite small. In addition, since lateral translation
represents the primary measurement of interest, the 13% CV in the vertical direction is not a
problem.

The resultant pelvis acceleration reflects the inconsistency of the first peak of the lateral pelvis
acceleration (see Figures B.20.a — B.21.b in Appendix B), resulting in poor repeatability. In
addition, dummy 032 experienced a spike in the x direction during Test 10-1, exaggerating the
spread in the standard deviation (see Figure 13). '
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Figure 13. Pelvis x (blue), y (red), and z (green)
accelerations for dummy 032 during Test 10-1 of the 6.0
m/s Rigid Flat Wall Sled test series.
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The reproducibility CV’s of the upper neck negative x moment, lumbar y force, and resultant
pelvis acceleration are larger than ten percent.

The high CV of the negative upper neck lateral bending (-x) moment is explained by the
difference in averages of the two dummies. The average negative peak upper neck lateral
bending (-x) moment for dummy 032 is 18.4 N-m and for dummy 056 it is 24.2 N-m. Each
dummy’s repeatability of the negative peak upper neck x moment is acceptable, with CV’s of
6.6% and 1.6%. This behavior is similar to the observation of the 6.7 m/s Flat Wall tests, where
the average negative upper neck x moment of dummy 032 was 25.0 N-m and for dummy 056
was 30.2 N-m, each demonstrating acceptable repeatability. The upper neck negative x moment
of dummy 032 is consistently lower than that of dummy 056. Figure 14 shows an overlay plot of
the upper neck lateral bending moment data traces for dummies 032 and 056 during 6.0 m/s
Rigid Flat Wall sled tests.

Cunve# 2 Chan# 16 NEKXM2 (N*m) 12500 Hz 4126 Points  HASIDlis Dx\S031209-2032.dx3  02-19-2004
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Figure 14. Upper neck lateral bending moment data traces
for dummies 032 and 056 during 6.0 m/s Rigid Flat Wall sled

tests

Figures 15 and 16 show overlays of the lumbar y force data traces from the 6.0 m/s Rigid Flat
Wall tests for dummies 032 and 056, respectively. The data traces for dummy 032 illustrate a
double- peak response. All of the traces for dummy 056 show a single-peak response. These
results are similar to those from the 6.7 m/s Rigid Flat Wall tests in that sometimes a single peak

is observed and other times a double peak is observed.

The non-reproducibility of the resultant pelvis acceleration is due to the initial peak in the lateral
acceleration, as discussed previously. Further investigation is required to determine what is
responsible for the variability in response.
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Figure 15. Lumbar lateral shear force data traces for dummy
032 during 6.0 m/s Rigid Flat Wall sled tests
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Figure 16. Lumbar lateral shear force data traces for dummy
056 during 6.0 m/s Rigid Flat Wall sled tests
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6.0 m/s Rigid Abdomen Offset Tests

At the beginning of the sled series for the abdomen offset tests, both offsets were configured at
the same height relative to the seat pan. Assuming the dummies were dimensionally the same?,
they should have experienced the same input from the offset contact. However, the results of the
first abdomen offset test (Test 11-1) indicated that the dummies experienced differing rib
deflections (Figures 17-19). Upon further investigation, dummy 056 was discovered to have a
pelvis height approximately 10mm higher than dummy 032. The increased seating height of
dummy 056 resulted in offset contact approximately 10mm lower on the ribs compared to
dummy 032 (Figure 20).

Sensitivity

Curve#t 1 Chan# 40 SHLYD2 (mm) 12500 Hz 4126 Points UABIOWPATRICKB\SIDIls and ES-2 Tests\SiDlls
Dx3\S031211-1032.dx3  02-20-2004 16:42:43
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Figure 17. Shoulder deflection comparison between dummies
with 10mm seating height difference during Test 11-1

SHLYDR frarm)

? Dummies were not formally inspected prior to testing since a drawing package to confirm correct
anthropometry/specifications was not yet available.
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Sensitivity - Thoracic Ribs
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Figure 18. Thoracic rib deflection comparison between dummies with

10mm seating height difference during Test 11-1

Sensitivity - Abdominal Ribs
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Figure 19. Abdominal rib deflection comparison between dummies
with 10mm seating height difference during Test 11-1
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F igur 20. Location of offset block impact relative to ribs for both dumes in
Test 11-1
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For SID-IIs 032, the 10mm difference in contact height resulted in the majority of impact being
directed at ribs 3 and 4 (Table 6). For dummy 056, the offset primarily contacted ribs 4 and 5.
Rib 3 deflections showed the greatest difference between dummies due to the offset block
interaction with rib 3 in dummy 032, which was absent in dummy 056. These test results
indicate that the SID-IIs dummy is capable of detecting slight variations in input.

Table 6. Dummy Rib Deflection Comparison Resulting from 10mm
Variation in Seating Height for Test 11-1

Dummy Offset Dummy Offset
032 Block 056 Block

Shoulder Rib (mm) 39 Contacts 41 Contacts
Rib 1 (mm) 25 Ribs 3 &4 24 Ribs 4&5
Rib 2 (mm) '
Rib 3 (mm) > IYTTY
Rib 4 (mm) 47 | grmnn 48 | rnuns
Rib 5 (mm) B B BN LT

If a drawing package had been available, the pelvis height difference would likely have been
discovered and corrected prior to R&R testing. In order to proceed with R&R testing after the
pelvis height difference was discovered, the offset location was adjusted relative to each
dummy’s ribs in subsequent abdomen offset tests to compensate for the 10mm height difference.
In addition, the width of the offset block was increased to encompass three ribs rather than two.
These adjustments were necessary to assure that the dummies experienced identical inputs during
offset interaction.

Table 7 shows the average, standard deviation and percent CV for each dummy response
individually, and both dummies’ responses together, from the 6.0 m/s Rigid Abdomen Offset
sled tests. Tables C.1 and C.2 in Appendix C show the peak values and statistical analyses,
respectively, for pertinent responses during the 6.0 m/s Rigid Abdomen Offset tests. Figures C.1
through C.24 in Appendix C show overlay plots of the repeat data traces for each dummy.

Table 7 shows that dummies 032 and 056 demonstrate excellent or good repeatability and
reproducibility in all measurements, except for the repeatability of the peak resultant pelvis
acceleration for dummy 056. Figures 21 and 22 show that for dummies 032 and 056 the
maximum resultant pelvis acceleration for the abdomen offset tests always occurs in the initial
peak (see Figures C.20.a and C.20.b in Appendix C). It is believed that the pelvis plug is the
primary cause of this phenomenon. Further investigation will be required to determine what is
causing the variability in the lateral pelvis acceleration responses during the three R&R test
conditions.

Also of interest is the reproducibility CV for the upper neck negative x moment of 3.7%. For
some reason, the two dummy necks are not exhibiting the dissimilar behavior observed during
the flat wall tests.
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Figure 21. Pelvis resultant acceleration data traces for
dummy 032 during 6.0 m/s Rigid Abdomen Offset sled tests
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Figure 22. Pelvis resultant acceleration data traces for
dummy 056 during 6.0 m/s Rigid Abdomen Offset sled tests
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Summary

The following discussion will focus on the responses during the three test conditions relative to
the proposed injury criteria. For brevity, the following abbreviations will be utilized: Rigid Flat
Wall (RFW), Rigid Abdomen Offset (RAO).

Sled Pulse Parameters

The peak sled acceleration and peak sled velocity provided extremely repeatable and
reproducible test conditions with CV values less than 0.4% for all tests. This was important to
ensure minimal test-to-test variations.

Head Responses
The head acceleration responses were of low magnitude as there was no head contact occurring

during any of the events. The proposed injury criteria limit for HIC;¢ is 1000 (Kuppa, 2004); the
average HICs¢ responses for both dummies were only 128, 72 and 79 for the 6.7 m/s RFW, 6.0
m/s RFW, and 6.0 m/s RAO test conditions, respectively. Despite the low magnitude of the
response, the HIC3¢ responses exhibited acceptable repeatability and reproducibility for both
dummies, with the highest CV being 6.2% for dummy 032 in the 6.7 m/s RFW condition, as well
as for both dummies in that same condition.

Spine Accelerations

The average responses of the lower spine resultant acceleration (T12) were below the proposed
injury criteria (mean response of both dummies = 52 g for 6.7 m/s RFW; 39 g for 6.0 m/s RFW,
43 g for 6.0 m/s RAO; proposed injury criteria = 82 g (Kuppa, 2004)). The repeatability and
reproducibility of the dummies’ responses were acceptable with the highest CV being 5.2% for
dummy 032 in the 6.0 m/s RFW condition.

Rib Displacements
Although there is no proposed injury criterion for the ribs, the displacement of the ribs will be

monitored in FMVSS tests. The Injury Assessment Reference Value (IARV) for maximum
thoracic rib displacement is 38 mm (corresponding to 50% risk of AIS 3+ injury), and for
maximum abdominal rib displacement is 44 mm (corresponding to 5% risk of AIS 4+ injury)
(Kuppa, 2004). In the three test conditions, the thoracic ribs had mean peak displacements
greater than 38 mm, and the abdominal ribs had mean peak displacements of 49 mm for the 6.7
m/s RFW condition, 37 mm for the 6.0 m/s RFW condition, and 47 mm for the 6.0 m/s RAO
condition, indicating the severity of the test conditions.

Thoracic Rib Displacements

For each dummy in each test condition, the maximum thoracic rib displacement (lower thoracic
rib for each test condition) provided acceptable repeatability and reproducibility, with the highest
CV being 5.4% for both dummies in the 6.0 RFW test condition.

Abdominal Rib Displacement

For each dummy in each test condition, the maximum abdominal rib displacement (upper
abdominal rib for each test condition) provided acceptable repeatability and reproducibility, with
the highest CV being 7.2% for dummy 032 in the 6.7 m/s RFW tests.
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Sum of Acetabulum and Iliac Wing Loads
The injury criterion for the pelvis states that the peak of the sum of the acetabulum and iliac

lateral loads must be less than 5100 N (Kuppa, 2004). To compute the sum of the acetabulum
and iliac wing loads, the time-history responses of the acetabulum and iliac wing lateral loads are
summed; the maximum summed load is not necessarily equal to the sum of the individual peaks
for each load cell.

The average peak summed response for both dummies was 4060 N for the 6.7 m/s RFW
condition; 3089 N for the 6.0 m/s RFW condition; and 2543 N for the 6.0 m/s RAO condition, all
below the proposed injury criterion. The repeatability and reproducibility of the maximum
summed load responses were acceptable for both dummies, having CV values of less than 10%.
However, the data traces show signs of correlation to the variable response of the pelvis
acceleration. Figures 23 and 24 show overlay plots of the data traces for the pelvis lateral
acceleration and the left iliac wing and left acetabulum lateral forces, respectively, during Test
17-1 of the RAO test condition. The iliac wing force magnitude typically increases during the
initial rise of the pelvis lateral acceleration, and again during its second rise. It is suspected that
whatever is causing the double peak response in the pelvis acceleration is also affecting the iliac
wing response. The acetabulum force typically increases dramatically with the first increase in
pelvis acceleration, but continues to rise instead of replicating the valley that occurs in the pelvis
acceleration and iliac wing data traces. It is suspected that whatever is causing the initial peak
and valley in the acceleration and iliac wing responses occurs on the medial side of the
acetabulum load cell since the valley seen in the other data traces is not observed in those of the
acetabulum. Since the cause of the variable pelvis response affects the proposed pelvis injury
criterion measures, further investigation is necessary.
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Figure 23. Pelvis lateral acceleration (blue) and left iliac wing lateral load
(red) data traces for dummy 056 during Test 17-1 of the 6.0 m/s Rigid
Abdomen Offset sled test series.
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Figure 24. Pelvis lateral acceleration (blue) and left acetabulum lateral load
(red) data traces for dummy 056 during Test 17-1 of the 6.0 m/s Rigid
Abdomen Offset sled test series.

Other Responses

The head displacements as measured in the high-speed digital video analysis were of particular
interest since the upgraded FMVSS tests will include supplemental restraint systems for head
protection. The peak lateral displacement proved to be very repeatable and reproducible with the
highest CV of 2.9% for dummy 032 in the 6.0 m/s RFW condition. The peak vertical
displacement was acceptably repeatable and reproducible for each dummy in all tests, except for
dummy 032 in the 6.0 m/s RFW condition. Although the maximum vertical head translation of
dummy 032 yields a CV of 13%, the standard deviation is only 13.5mm, which is quite small. In -
addition, since lateral translation represents the primary measurement of interest, the 13% CV in
the vertical direction is not a problem. The time of peak head displacement exhibited excellent
repeatability and reproducibility with the highest CV value of 3.1 % for dummy 032 in the 6.0
m/s RFW condition. These results indicate that the motion of the head exhibits acceptable R&R.

Conclusions

Two SID-IIs FRG dummies were exposed to three series of five Hyge sled tests, plus a trial RAO
test, for a total of 16 test exposures per dummy in order to evaluate the repeatability and
reproducibility of the dummy. The three test conditions subjected the dummies to rigorous
loading conditions. In the 6.7 m/s flat wall and 6.0 m/s abdomen offset test conditions, the
dummies’ thoracic and abdominal rib displacement responses exceeded the injury assessment
reference values, while in the 6.0 m/s flat wall test condition, only the dummies’ thoracic rib
displacement responses exceeded the IARV. Since there was no head contact in any of the tests,
the dummy head acceleration responses did not exceed the proposed head injury criterion. The
lower spine acceleration and pelvis load proposed injury criteria were also not exceeded.

The R&R analysis indicates that the dummies were able to provide responses that were
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acceptable, good or excellent for every proposed injury measure. However, further examination
is required to determine what is responsible for the variability in the lateral pelvis acceleration
response, which also appears to affect the iliac and acetabulum lateral force responses (proposed
injury criterion measures), and possibly lumbar force and moment responses as well. As per the
FTSS User’s Manual, the foam pelvis plug must be replaced after each impact, including after
certification tests, prior to crash tests. The disposable plug procedure was followed for the sled
tests so that a new plug was used in each test. It is suspected that this uncertified, protruding
plug may be related to the variable responses observed in the pelvis. Repeated tests impacting a
dummy with a single plug in the certification environment, for various plugs and dummies, are
planned. The effect of multiple impacts to a single plug, as well as recovery time, will be
researched. Static testing of the foam plugs is also planned. Investigation into the pelvis
variability issue is underway.

Since the drawing package was not available to allow the dummies to be inspected against the
design specifications prior to testing, the difference in pelvis heights between the dummies was
not discovered until after the first abdomen offset sled test. During this test it was learned that
the SID-IIs dummy is sensitive to small changes in its impact environment, even as little as a
10mm pelvis height difference.
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Appendix A.
6.7 m/s Rigid Flat Wall Sled Test Responses
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Curvet 1 Chan# 1 SLDXG (g) 12500 Hz 4126 Points U\BIO\PATRICKEASIDIIs and ES-2 Tests\SIDIls
Dx(\S031204-1032.dx3  02-12-2004 12:07:38

4 *SLDKRG {4)
4 SLOXS (g)
SLING (4
2 SLLNG
] y. SLONG ig)
0 //f
24 ]
= 4
15
= T
3
%] 6
8
2104
.12 4
-14 v T T T ™ T T T T T T T T
-120 -100 -80 €0 -40 20 o 20
Time (ms) Max: 1.278625 @ 20
Min: -13.13277 @-51.92
Ave: 5711226

Figure A.1. Sled Acceleration Pulse

Curve# 1 Chan# 3 SLDXV (km/h) 12500 Hz 4126 Points  U\BIOVPATRICKBASIDIls and ES-2 Tests\SIDils
Dx3\5031204-11032.dx3  02-12-2004 12:08:54

2
“7 *SLDXY (krmh)
SLOXV (kmih)

o v"‘ SLOXV (ki)
- A/ ELL o)
24 W SLORY fknih)

SLOXY {kroih)
Iy
1

L] T T v T T T T T T T M T T T T T T T v
-120 -100 80 60 -40 -20 0 20 40 60 80 100
Time (ms) Max: 0.1529689 @-74.96
Min: 248893 @ 4
Ave: -17.04853

Figure A.2. Sled Velocity




Curve# 1 Chan# 5 HEDYG2 (g) 12500 Hz 4126 Points  U\BIO\PATRICKBASIDIls and ES-2 Tests\SIDIls
Dx3\S031204-10032.dx3  02-12-2004 12:15:19

*HEDYG2 (1)
HEDRYG2 (g)
HEDY G2 ()

HE [E

HEDY G2 {y)

-2 T T T L i T T T T T T T T 1 ' 1 T T T
0 10 20 30 40 80 80 70 80 20 100
Time (ms) Max: 16.8627 @ 56.88
: Min; -0.471967 @ 592
Ave: B.369357

Figure A.3.a. Lateral Head Acceleration — Dummy 032

Curve# 1 Chan# 5 HEDYGE (g) 12500 Hz 4126 Points UN\BIOWPATRICKEASIDIIs and ES-2 Tests\SIDIls
Dx3\S031204-11056.dx3  02-12-2004 12:23:57

*HEDYGH (g).
: HEDYGE (3)
HEDYGE (g
WL G )

HED Y GE (g)

HEDYGE (g}

[N]
=

0 10 20 30 40 80 80 70 80 90 100
Time (ms) Max: 15.28409 @) 52.24
Min: -0.1225286 @ 4.32
Ave: 8.096962

Figure A.3.b. Lateral Head Acceleration — Dummy 056

-A-5 -




Curve# 1 Chan# 6 HEDZIG2 (g) 12500 Hz 4126 Points
Dx3\S031204-11032.dx3 02-12-2004 12:22:59

UABIOWATRICKB\SIDIIs and ES-2 Tests\SIDlls

HEDZG2 (g)

koS

"HEDZG2 (g)
HEDZG?2 ()
HEDZG2 (g)
HED 5
HEDZGZ (4

"

2
y

Time (ms)
Figure A.4.a. Vertical Head Acceleration — Dummy 032

Curve# 1 Chan# 6 HEDZGB (g) 12500 Hz 4126 Points
Dx31S031204-11056.dx3  02-12-2004 12:25:50

T v
1] 100
Max: 36.65837 @ 27.2
Min: -5.027048 @ 6.4

Ave: 8401738

UABIOVPATRICKB\SIDIIs and ES-2 Tests\SIDls

50

HEDZGE (g)

*HEDZGE (g)
HEDZGE ()
HEDZGE (g)
HE i
HEDZGH

i
(9

Time {ms)

Figure A.4.b. Vertical Head Acceleration — Dummy 056

T T r T T
20 100
Max: 36.5589 @ 23.84
Min: -4.625468 @ 7.76

Ave: 10.31252
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Curve# 1 Chan# I3 HEDRG2 (g) 12500 Hz 4126 Points  UABIOWPATRICKBASIDIls and ES-2 Tests\SIDils
Dx3\S031204-10032.dx3  02-12-2004 12:28:13

& *HEDRGZ (g)
HEDRG? ()
1 52 (g
40 ‘
304
5 1
=~
2 204
[t
i}
T -
10+
a
-0 +———vF—-—r— T
0 10 20 30 40 50 60 70 80 %90 100
Time (ms) Max: 37.73315 @ 27.2
Min: 0.1244642 @ 0.72
Ave: 14.75267

Figure A.5.a. Resultant Head Acceleration — Dummy 032

Cutve# 1 Chan# 33 HEDRGE (g) 12500 Hz 4126 Points U:\BIOWPATRICKBASIDIls and ES-2 Tests\SIDlls
Dx3\S031204-11056.dx3  02-12-2004 12:29:07

50

HEDRGS (g)

T T T T T T T T

T T v
0 10 20 30 40 50 60 70 80 90 100

*HEDRGE (g)
HEDRGE (3]
HEDRGE (g)

LG 1

Time {ms) Max: 38.3147 @ 2392
Min: D.1225166 @ 3.92

Ave: 1531005

Figure A.5.b. Resultant Head Acceleration — Dummy 056




Curved# 1 Chan# 14 NEKYF2 (N) 12500 Hz 4126 Points UABIO\PATRICKBASIDIls and ES-2 Tests\SIDlls
Dx3\8031204-11032.dx3  02-12-2004 12:30:33

00 ‘ *NEKYF2 (N
l T NEKYFZ (N)
NT;%“\ f MEKYE2 {h)
g 4 R TE L
500 4 , /},/ MEKYFZ (M)
4 _/"\ y;
il
400
z 300 A
o ]
Z 2004
1
100
0
A A———————————— T —————————— T
0 10 20 30 40 80 80 70 80 0 100
Time (ms) Max: 578.9942 @ 56.24

Min: -11.23059 @ b

Ave: 300.6047

Figure A.6.a. Upper Neck Lateral Shear Force — Dummy 032

Curve# 1 Chan#t 14 NEKYFE (N) 12500 Hz 4126 Points  U\BIOVPATRICKBASIDIIs and ES-2 Tests\SIDIls
Dx3\S031204-1056.dx3  02-12-2004 12:31:30

600 *MEKYFG (M)
] MEKYFE (N)
NERYFE (M)
500 A YRR (T
MEK YFB (M)
400
300
£
L 2004
%
100
D =
-1060
200 v U T T T i T 1 T T T T T T T T T 1 1
il 10 20 30 40 50 60 70 80 1] 100
Time (ms) Max: 571.0226 @ 5296
Min: -1.843956 @ 4.48
Ave: 299.4551

Figure A.6.b. Upper Neck Lateral Shear Force — Dummy 056
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Curveft 1 Chan# 15 NEKZF2 (N) 12500 Hz 4126 Points U:\BIOVPATRICKBASIDIis and ES-2 Tests\SIDlls

Dx3\S031204-1032.dx3  02-12-2004 12:32:58

NEKZFZ )

Y, )
\C\"‘\ 4

*NEKZF2 (N)
NEKZFZ (1)
HEKZF2 {N)
BERIFZ (1
MEKZFZ (M)

AV

Time (ms)

Figure A.7.a. Upper Neck Axial Force — Dummy 032

T T T
90 100

Max: 1220876 @ 27.28

Min: -186.1595 @ 70.88

Ave: 317.447

Curve# 1 Chan# 15 NEKZFB (N) 12500 Hz 4126 Points U:\BIO\PATRICKENSIDIIs and ES-2 Tests\SIDIts

Dx3\S031204-1056.dx3  02-12-2004 12:33:43

1800 "NEKZFE (N)
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v 600+
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-200
-400 T T v T T T T T T T T T v T T T T T
0 10 20 1) 40 50 60 70 90 100
Time {ms} Max: 1258.489 @ 23.84

Figure A.7.b. Upper Neck Axial Force — Dummy 056

Min: -257 3496 @ 69.12
Ave: 356.6205




Cuve# 1 Chand# 16 NEKXM2 (N*m)

12500 Hz 4126 Points
Dx3\S031204-11032.dx3  02-12-2004 12:34:44

UABIOWPATRICKB\SIDIIs and ES-2 Tests\SIDlIs

NEKOM2 (N'm)
NEKXM2 (N7rm)

©
10
n

£ o

2

g 4

%

& 0
104
0
30

Time (ms)

T T T
80 90 100
Max: 34.34773 @ 64.96
Min: -24 53617 @ 17.28
Ave: 12.55902

Figure A.8.a. Upper Neck Lateral Bending Moment — Dummy 032

Curve# 1 Chan# 16 NEKXME (N"m)

12500 Hz 4126 Points
Dx3\S031204-11056.dx3  02-12-2004 12:35:40

UABIOWPATRICKENSIDIls and ES-2 Tests\SIDIls

40

NEKKME (N"m)

NEKAME (N*m)
INERXME (N
INERCME (N m)

I

Time (ms)

a0 90 100
Max: 31.77444 @ 61.68
Min: -31.0192 @ 1368
Ave: 12.28144

Figure A.8.b. Upper Neck Lateral Bending Moment — Dummy 056
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Curvet 1 Chan# 19 NEKIM2 (N"m) 12500 Hz 4126 Points UMBIO\PATRICKB\SIDIIS and ES-2 Tests\SIDlls

DxNSO31204-1032.dx3  02-12-2004 12:39.37

NEKZM2 (Nrm)

NEKZWZ (N"rm)
NEKZM2 (N*m)
NEWZM ()
LER TR (10
NEKZMZ (hm)

Time (ms)

Figure A.9.a. Upper Neck Axial Moment — Dummy 032

90 100
Max: 13.37821 @ 57.76
Min: -2.003345 @ 100
Ave: 4944497

Curve# 1 Chan# 18 NEKZM6 (N*m) 12500 Hz 4126 Points U:\BIOWPATRICKB\SIDIls and ES-2 Tests\SIDIls

DxNS031204-1056.dx3  02-12-2004 12:40:34

MEKZIMB (N*m)

NEKZMG (N*m)
NEKIME (h7m)
NEHIMS (N°m)
i o (T

ME

g (1M}

-4 T T T T T T T T T T Y
0 10 20 0 40 50 60 70
Time (ms)

Figure A.9.b. Upper Neck Axial Moment — Dummy 056

90 100
Max: 14.2703 @ 54.48
Min: -3.23134 & 986
Ave: 5.076876
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Curveft 1 Chant 26 T12YG2 (g) 12500 Hz 4126 Points

DxA\S031204-1032.dx3  02-12-2004 14:00:30

UABIOVPATRICKENSIDs and ES-2 Tests\SIDIls

“T12YG2 (g)

€0

TI2YG2 (g}

TI2¥52 {g)
TI2¥62 ()
1z :
T12Y32 (g)

T T

Curve# 1 Chand 26 T12YGB (g) 12500 Hz 4126 Points

Dx3\S031204-1056.dx3  02-12-2004 15:50:11

Time {ms)

90 100

Max: 53.32291 @ 25.35
Min: -10.51081 @ 48.88
Ave: B.604857

Figure A.10.a. Lower Spine Lateral Acceleration — Dummy 032

UABIOVPATRICKEASIDHS and ES-2 Tests\SIDlis

*TI2YGE {g)

T12YGE (g}

T12VGE (g
TIZYGE (3

Time (ms)

90 100
Max: 5212592 @ 22.32
Min: -10.61726 @ 46.32
Ave: 8.619809

Figure A.10.b. Lower Spine Lateral Acceleration — Dummy 056
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Curve# 1 Chan# 36 T12RG2 (g} 12500 Hz 4126 Points  UABIOPATRICKB\SIDIls and ES-2 Tests\SIDIls

Dx3\S031204-1032.dx3  02-12-2004 15:51:34
*T12RG2 (g)

60
T12RGZ (g)
TI2RG2 ()

T12RG2 (g)

10 T T T ¥ T 1 T T T L T v T ' T T T T
0 10 2 0 40 50 60 70 60 90 100
Time (ms) Max: 53.70206 @ 25.44
Min: 7.295625E-02 @ 4.24
Ave: 13.43468

Figure A.11.a. Lower Spine Resultant Acceleration — Dummy 032

Curve#t 1 Chani# 36 T12RGE (g) 12500 Hz 4126 Points UABIOPATRICKBASIDIIs and ES-2 Tests\SIDIls

Dx3\S031204-1056.dx3  02-12-2004 15:52:16
*T12RGE (g}

T12RGE

6D

T12RGE (g)

10 T T T T T T T v T v T~ T T v T T
1] 10 20 30 40 50 60 70 80 0 100
Time (ms) Max: 52.90643 @ 22.32
Min: 0.5284186 @ 80.83
Ave: 1365313

Figure A.11.b. Lower Spine Resultant Acceleration — Dummy 056
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Curve# 1 Chan# 40 RB1YD2 (mm) 12500 Hz 4126 Points  U\BIOWPATRICKB\SIDIIs and ES-2 Tests\SIDils
Dx3\5031204-1032.dx3  02-12-2004 15:53:31

&0

PRB1YD2 (mm)
J RE1YD2 {rmm)
RB1YD2 (mm)
R L
404 RBIYE2 (rrm)
30
& 1
E
a 20
o
T 4
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0
10 —r T —T T T T T  E— T T T r T T T T
[t} 10 20 30 40 50 1] 70 80 90 100
Time (ms) Max: 47.8349@ 26.4
Min: 0.222789 @) 4B
Ave: 15.59824

Figure A.12.a. Upper Thoracic Rib Deflection — Dummy 032

Curvedt 1 Chan#t 40 RB1YDE (mm) 12500 Hz 4126 Points  UNBIOWATRICKBASIDIls and ES-2 Tests\SIDils
Dx3\S031204-1056.dx3  02-12-2004 15:56:40

% FRE1TYDE (mm)
REB1YYDE {mm)
4 RBIYDE (mm)
RETTOL e
A0 RB1YDE (mrm)
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& J
£
e 204
&
s}
o -4
10 4
J —
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-0 T T T T — T 7 T T T T v T T T T —
o] 10 2 30 40 80 60 70 80 20 100
Time {ms) Max: 46.53332 @ 22.72
Min: -0.2152608 @ 3.44

Ave: 14.9076

Figure A.12.b. Upper Thoracic Rib Deflection — Dummy 056
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Curve#t 1 Chan# 41 RB2YD2 (mm) 12500 Hz 4126 Points
Dx3\S031204-1032.dx3  02-12-2004 15:53:.48

UABIO\PATRICKBASIDIIs and ES-2 Tests\SIDIIs

60

FRB2YD2 {mm)
RB2YDZ (mm)
RB2YD2 (mim)
REBZYDD
RB2¥ D2 {ram)

T 30
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L 204
104
A i
o
0 - 777
o0 0 2$ 33 4 5 6 W 80 9 100

Time (ms)

Figure A.13.a. Middle Thoracic Rib Defle

Curve# 1 Chan# 41 RB2YDE (mm) 12500 Hz 4126 Points
Dx?S031204-11066.dx3  02-12-2004 15:57:35

Max: 52.38216 @ 26.08
Min: -8.976893E-02 @ 5.44
Ave: 16.48091

ction — Dummy 032

UABIO\PATRICKB\SIDIis and ES-2 Tests\SIDlls

&0 FREZYDE [mm)
RE2YDE (rm}
J 22 DB (mm)
SR (e
50 RE2YDE [mm)
40
E a4
E
ow -
o
>
o 04
10
0
4 +—er———er———————————————————————
0 10 20 30 40 50 60 70 80 20 100

Time (ms)

Max: 50.08686 @ 23.04
Min: -0.1239531 @ 4
Ave: 15.31335

Figure A.13.b. Middle Thoracic Rib Deflection — Dummy 056
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Curve# 1 Chan# 42 RB3YD2 (mm) 12500 Hz 4126 Points U\BIOWPATRICKBASIDHs and ES-2 Tests\SIDlis
Dx\S031204-1032.dx3  02-12-2004 15:54:11

60 RE3YDZ {mm})
RB3YD2 {mm)
g RE3YL2 (mrn)
BEIYDD (e
50 RB3¥ D2 (mrm}
40
T 304
E
o
o
E’é
D g
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g -
10 T T —T T T — T T T T T 7 T T
a 10 20 30 40 50 B0 70 a0 90 100
Time (ms) Max: 55.30088 @ 26.08
Min: -0.1042902 @ 6.08

Ave: 16.56804

Figure A.14.a. Lower Thoracic Rib Deflection — Dummy 032

Curve# 1 Chan# 42 RB3YDB (mm) 12500 Hz 4126 Points U\BIC\PATRICKBASIDIls and ES-2 Tests\SIDIis
Dx3\S031204-1056.dx3  02-12-2004 15:58:13

60 RB3YDE (mm)
RE3IYDE (mm)
4 RB3YDE (mm)
FEIYDE vl
50+ RB3YDS (mm)
]
40
T a0
£
= 1
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o 4
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19 +—————r T
0 10 20 30 40 50 =1] 70 80 90 100
Time (ms) Max: 55.15194 @ 23.12
Min: 0.1462358 @ 4.48

Ave: 16.44058

Figure A.14.b. Lower Thoracic Rib Deflection — Dummy 056
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Curve# 1 Chan#t 43 RB4YD2 (mm) 12500 Hz 4126 Points U \BIOWPATRICKEASIDHs and ES-2 Tests\SIDlls
Dx3y5031204-11032.dx3  02-12-2004 15:54:.37
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RB4YD2 {mm)
1 RBE4YD? (mrn)
RE4 VT (e
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4
40
T 304
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4 -
=1
=
-
D o4
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B e S . A

0 10 20 30 40 50 B0 70 B0 30 100
Time (ms) Max: 50.04256 @ 26.08
Min: -7.087008E-02 @ 6.64
Ave: 1515926

Figure A.15.a. Upper Abdominal Rib Deflection — Dummy 032

Cuve# 1 Chan# 43 RB4YDE (mm) 12500 Hz 4126 Points UABIOWPATRICKB\SIDIIs and ES-2 Tests\SIDils
Dx3\S031204-1056.dx3  02-12-2004 15:58:41

&0 I"RB4YD6 (mm)
4 RE4YDE (mm)
RB4YDE (rmm)
FEIYDE vl
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8 -
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@ -
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-10 T T v T T T T ¥ T T L T T 1 T T T
1] 10 2 30 40 50 60 70 80 20 100
Time (ms) Max: 50.2408 @ 23.28
Min: -0.1668511 @ 4.8
Ave: 16.15386

Figure A.15.b. Upper Abdominal Rib Deflection — Dummy 056
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RBAYD2 (mm)

Curved 1 Chan# 44 RE5YD2 (mm)

12500 Hz 4126 Points

Dx3\S031204-1032.dx3  02-12-2004 15:55:40

UABIOVPATRICKB\SIDIIs and ES-2 Tests\SIDIls

26

244

22 4

204

18 4

16

14 4

12 1

10 4

8

B~

"RBSYD2 (mm)
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BESY T )

RBEYDY [rmm)

Time (ms)

920 100
Max: 21.63048 &) 2%6.48
Min: -1.580584E-02 @ 1.76
Ave: 6116745

Figure A.16.a. Lower Abdominal Rib Deflection — Dummy 032

RB5YDGE {mim)

Curve# 1 Chan# 44 RB5YDB (mm)

12500 Hz 4126 Points

Dx31S031204-1056.dx3  02-12-2004 15:59:10

UABIOPATRICKBASIDIIs and ES-2 Tests\SIDlis
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f DE ()

Time (ms)

80

0 100
Max: 22.96984 @ 23.76
Min: -4 70335602 @ 488
Ave: 6.465117

Figure A.16.b. Lower Abdominal Rib Deflection — Dummy 056
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Curve# 1 Chan# 28 LMBYF2 (N) 12500 Hz 4126 Points U\BIOVPATRICKEASIDIIs and ES-2 Tests\SIDils
DxNS031204-1032.dx3  02-12-2004 16:05.08

200

LMBYF2 {N)

D00 S e ——
@ W 2 33 4 s 8 7 B8O 80 100
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Time (ms} Max: 1876167 @ 10.24
Min: -894 8169 @ 35.44

Ave: -205.1673

Figure A.17.a. Lumbar Lateral Shear Force — Dummy 032

Curve# 1 Chan# 28 LMBYFE (N) 12500 Hz 4126 Points UABIOWPATRICKB\SIDIis and ES-2 Tests\SIDlls
Dx3\5031204-1056.dx3  02-12-2004 16:08:12

LMBYFE (N)
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*LMBYFE (M)
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Min: -928.8098 @ 33.84

Ave: -293.4701

Figure A.17.b. Lumbar Lateral Shear Force — Dummy 056
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Curve#. 1 Chan# 29 LMBXM2 (N*m) 12500 Hz 4126 Points U:\BIO\PATRICKB\SIDIIs and ES-2 Tests\SIDils
Dx3\S031204-11032.dx3  02-12-2004 16:07:02
® LMBXM2 (N*m)
LMEXMZ (N"m)

LMBAM2 (N'm)

T T T Rl T T T T T T T
50 60 70 80 90 100
Time (ms) Max: 3570061 @ 50.88
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Figure A.18.a. Lumbar Lateral Bending Moment — Dummy 032

Curve# 1 Chand 28 LMBXM6 (N'm) 12500 Hz 4126 Points  UNBIOVPATRICKEASIDIls and ES-2 Tests\SIDIls
Dx3\S031204-11056.dx3  02-12-2004 16:07:53

LMEAG (W*m)
={LMBMG (N"m)
LMBXME (hm)

s

LMBYME (N'm)

4 T T M T T T

a0 T T T T r T T T T T T
1] 10 20 30 40 &0 [=1] 70 80 1] 100
Time (ms) Max: 34.19622 @ 89.44
Min: -63.53998 @) 18.48
Ave: -2.00439

Figure A.18.b. Lumbar Lateral Bending Moment — Dummy 056
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Curve# 1 Chan# 37 PEVYG2 (g) 12500 Hz 4126 Points H:\SIDIls Dx3\3031204-10032.dx3  02-18-2004
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Figure A.19.a. Pelvis Lateral Acceleration — Dummy 032
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Figure A.19.b. Pelvis Lateral Acceleration — Dummy 056

-A-21 -




Curvedt 1 Chan#t 46 PEVRG2 {g) 12500 Hz 4126 Points H:\SIDHs Dx3\S031204-1032.dx3  02-18-2004
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Figure A.20.a. Pelvis Resultant Acceleration — Dummy 032
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Figure A.20.b. Pelvis Resultant Acceleration — Dummy 056
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Curve# 2 Chan# 38 LACYF2 (N)

12500 Hz 4126 Points  H:ASIDIIs Dx3\S031204-20032.dx3  02-18-2004
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Figure A.21.a. Left Acetabulum Lateral Force — Dummy 032
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Figure A.21.b. Left Acetabulum Lateral Force — Dummy 056

Max: 3873624 @ 21.12
Min: -60.80763 @ 36.8
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Figure A.22.a. Left lliac Wing Lateral Force — Dummy 032
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Figure A.22.b. Left Iliac Wing Lateral Force — Dummy 056
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2 N

Pelvis_Sum,

Figure A.23.a. Sum of Acetabulum and Iliac Wing Lateral Forces — Dummy 032

Pelvis_SumB (N

Figure A.23.b. Sum of Acetabulum and Iliac Wing Lateral Forces — Dummy 056

Curve# 2 Chan#t 41 Pelvis_Sum2 (N)
11:34:30

5000

12500 Hz 4126 Points

HASIDIIs Dx3\S031204-2032.dx3  02-18-2004

4000

3000

2000

1000

0

Relvis_Sum2 (M)
Felvis_Sumz (1)
fetvis_Sum2 (W)
H el 2l

S RIS
fFebviz_Zum2 (W)

1000

Curve#t 2 Chan# 41 Pelvis_Sumb (N}

12500 Hz 4126 Points

Time (ms)

T T v
90 100

Max: 4376.797 @ 23.12

Min: -150.1264 @} 38.24

Ave: 558.0823

HASIDIls Dx3\S031204-2056.dx3  02-18-2004

elvis_Surmi (N)
elis_Sumb ()
ehis_Sumb (1)
@ iR

11:35:35
5000
4000 -
3000
2000
1000
L M

]

1008 T T T T T T T T
1] 10 40 50 60 70 80 90 100
Time (ms) Max: 4231.661 @) 21.84

Min: -142.2047 @ 37.84
Ave: 483.8712

- A-25 -



Appendix B.
6.0 m/s Rigid Flat Wall Sled Test Responses
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Curve# 2 Chandt 1 SLDXG (g) 12500 Hz 4126 Points

HASIDIls Dx3\S031209-20032.dx3  02-16-2004
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Ave: -4.49661
Figure B.1. Sled Acceleration Pulse
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11:42.22
‘ SLOXV thrfh)
1 *SLDXV (k)
0 SLEWY (ko)
44
£
£ 8
£ ]
E3
-~ 04
o
A 12
144
6
-18
20
3 e ———
A0 100 80 60 a 20 0 20 ) 60 80 100
Time (ms) Max: 0.1415818 @-78.88

Figure B.2. Sled Velocity
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Ave: -14.45302
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Curve# 2 Chan# 5 HEDYGZ2 (g) 12500 Hz 4126 Points  H:ASIDIls Dx3\S031203-2032.dx3  02-18-2004
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Figure B.3.a. Lateral Head Acceleration — Dummy 032
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Figure B.3.b. Lateral Head Acceleration — Dummy 056
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Figure B.4.a. Vertical Head Acceleration — Dummy 032
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Figure B.4.b. Vertical Head Acceleration — Dummy 056




Curve# 2 Chan# 42 HEDRG2 (g) 12500 Hz 4126 Points
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Figure B.5.a. Resultant Head Acceleration — Dummy 032
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Figure B.5.b. Resultant Head Acceleration — Dummy 056
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Figure B.6.a. Upper Neck Lateral Shear Force — Dummy 032
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Figure B.6.b. Upper Neck Lateral Shear Force — Dummy 56
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Figure B.7.a. Upper Neck Axial Force — Dummy 032
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Figure B.7.b. Upper Neck Axial Force — Dummy 056
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Figure B.8.a. Upper Neck Lateral Bending Moment — Dummy 032
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Figure B.8.b. Upper Neck Lateral Bending Moment — Dummy 056
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Figure B.9.a. Upper Neck Axial Moment — Dummy 032
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Figure B.9.b. Upper Neck Axial Moment — Dummy 056
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Figure B.10.a. Upper Spine (T1) Lateral Acceleration — Dummy 032

TO1YGE {g)

Curve#t 2 Chan# 23 TO1YGE (g) 12500 Hz 4126 Points

HASIDHs Dx3\S031208-2056.6x3  02-18-2004

12:06:16

5 TO1YGE i)
T TGE ()
TO1%GE ()

et

40 4 Ty GE (o}

30

a0 4

104

\\\\% ’
n i "ﬂ"‘}? & _.d“)szé
) Ny f 1) p':f;%‘}\ (¥ S ; P W
10 N T T T T T T 1 T T v T T 1 1
i} 10 p.i] 0 40 50 0 70 60 90 100
Time (ms) Max: 4228319@ 104

Min: -8.043141 @ 68.24
Ave: 6.773536

Figure B.10.b. Upper Spine (T1) Lateral Acceleration — Dummy 056
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Figure B.11.a. Lower Spine (T12) Lateral Acceleration — Dummy 032
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Figure B.11.b. Lower Spine (T12) Lateral Acceleration — Dummy 056
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Figure B.12.a. Shoulder Rib Deflection — Dummy 032
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Figure B.12.b. Shoulder Rib Deflection — Dummy 056
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Figure B.13.a. Upper Thoracic Rib Deflection — Dummy 032
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Figure B.13.b. Upper Thoracic Rib Deflection — Dummy 056
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Figure B.14.a. Middle Thoracic Rib Deflection — Dummy 032
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Figure B.14.b. Middle Thoracic Rib Deflection — Dummy 056
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Figure B.15.a. Lower Thoracic Rib Deflection — Dummy 032
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Figure B.15.b. Lower Thoracic Rib Deflection — Dummy 056
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Figure B.16.a. Upper Abdominal Rib Deflection — Dummy 032
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Figure B.16.b. Upper Abdominal Rib Deflection — Dummy 056
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Figure B.17.a. Lower Abdominal Rib Deflection — Dummy 032
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Figure B.17.b. Lower Abdominal Rib Deflection — Dummy 056
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Figure B.18.a. Lumbar Lateral Shear Force — Dummy 032
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Figure B.18.b. Lumbar Lateral Shear Force — Dummy 056
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Figure B.19.a. Lumbar Lateral Bending Moment — Dummy 032
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Figure B.19.b. Lumbar Lateral Bending Moment — Dummy 056
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Figure B.20.a. Pelvis Lateral Acceleration — Dummy 032
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Figure B.20.b. Pelvis Lateral Acceleration — Dummy 056
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Figure B.21.a. Pelvis Resultant Acceleration — Dummy 032
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Figure B.21.b. Pelvis Resultant Acceleration — Dummy 056
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Figure B.22.a. Left Acetabulum Lateral Force — Dummy 032
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Figure B.22.b. Left Acetabulum Lateral Force — Dummy 056
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Figure B.23.a. Left Iliac Wing Lateral Force — Dummy 032
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Figure B.23.b. Left Iliac Wing Lateral Force — Dummy 056
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Figure B.24.a. Sum of Iliac Wing and Acetabulum Lateral Forces — Dummy 032
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Figure B.24.b. Sum of Iliac Wing and Acetabulum Lateral Forces — Dummy 056
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Appendix C.
6.0 m/s Rigid Abdomen Offset Sled Test Responses
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Curve# 1 Chan# 1 SLDXG (g) 12500 Hz 4126 Points HASIDHls Dx3\S031217-1032.dx3  02-18-2004
13:48.52
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Figure C.1. Sled Acceleration Pulse
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Figure C.2. Sled Velocity
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Figure C.3.a. Head Lateral Acceleration — Dummy 032
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Curve# 1 Chan# 5 HEDYGB (g) 12500 Hz 4126 Points H:\SIDIls Dx3\3031217-11056.dx3
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Ave: 7.266563
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Figure C.3.b. Head Lateral Acceleration — Dummy 056
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Ave: 7.2068673
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Curve# 1 Chardt 6 HEDZG2 (g) 12500 Hz 4126 Points H:A\SIDIls Dx3vS031217-10032.dx3  02-18-2004
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Figure C.4.a. Head Vertical Acceleration — Dummy 032
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Figure C.4.b. Head Vertical Acceleration — Dummy 056

Max: 33.84643 @ 25.92
Min: -2.57179 & 6.32
Ave: 7.660132
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Figure C.5.a. Head Resultant Acceleration — Dummy 032
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Figure C.5.b. Head Resultant Acceleration — Dummy 056

Max: 35.51305 @ 25.92
Min: 0.1201452 @ 384
Ave: 12.47706
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Figure C.6.a. Upper Neck Lateral Shear Force — Dummy 032
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Figure C.6.b. Upper Neck Lateral Shear Force — Dummy 056




Curve# 1 Chan# 15 NEKZF2 (N) 12500 Hz 4126 Points  H:\SIDls Dx3\S031217-1032.x3  02-16-2004
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Figure C.7.a. Upper Neck Axial Force — Dummy 032
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Figure C.7.b. Upper Neck Axial Force — Dummy 056

Min: -81.72604 @ 69.44
Ave: 277.5489
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Curve#t 1 Chan# 16 NEKXM2 (N*m) 12500 Hz 4126 Points H:ASIDils Dx3\S031217-1032.dx3  02-18-2004

13:52:.07

40

304

MNEKXM2 (N}

NERZ2 (Rm)
NERXM2 (M
EKAM2 (]

T T T T T ' T T T T ¥ T T

30 40 50 60 70 80 90 100
Time (ms) Max: 30.72219 @ 46
Min: -26.0705 @ 15.92
Ave: 10.38263

Figure C.8.a. Upper Neck Lateral Bending Moment — Dummy 032
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Figure C.8.b. Upper Neck Lateral Bending Moment — Dummy 056

-C-10 -




Curve#t 1 Chan#t 18 NEKIM2 (N*m) 12500 Hz 4126 Points H:\SIDHs Dx3\S031217-1032.dx3  02-18-2004

13:5231
14 NEKZM2 (N*m)
4 MEKZMZ (17rm)
WERIMZ (1)
? B HEiY
MERZMZ (M)
£
o
]
X
o
%0 100
Time (ms} Max: 12.1596 @ 528
Min: -1.795133 @ 100
Ave: 4562132
Figure C.9.a. Upper Neck Axial Moment — Dummy 032
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Figure C.9.b. Upper Neck Axial Moment — Dummy 056
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Curve# 1 Chan# 23 TO1YG2 (g) 12500 Hz 4126 Points  H:\SIDlis Dx\S031217-1032.dx3  02-18-2004
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Figure C.10.a. Upper Spine (T1) Lateral Acceleration — Dummy 032
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Figure C.10.b. Upper Spine (T1) Lateral Acceleration — Dummy 056
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Figure C.11.a. Lower Spine (T12) Lateral Acceleration — Dummy 032
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Figure C.11.b. Lower Spine (T12) Lateral Acceleration — Dummy 056
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Curve# 1 Chan# 25 SHLYD2 (mm) 12500 Hz 4126 Points  HASIDIls Dx3\S031217-1032.dx3  02-18-2004
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Figure C.12.a. Shoulder Rib Deflection - Dummy 032
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Figure C.12.b. Shoulder Rib Deflection — Dummy 056
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Curve# 1 Chan# 26 RB1YD2 (mm) 12500 Hz 4126 Points H:\SIDIls Dx3\8031217-1032.dx3  02-18-2004
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Figure C.13.a. Upper Thoracic Rib Deflection — Dummy 032
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Figure C.13.b. Upper Thoracic Rib Deflection — Dummy 056
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Curve# 1 Chand 27 RB2YD2 (mm) 12500 Hz 4126 Points  H:A\SIDlls Dx313031217-1032.dx3  02-18-2004

13:54:42
i

7] "RB2YD2 (mm)

REZYDZ {mrm)

02 {rarn)

bBZ‘\ 02 (mrr)
€
o
2
o
i)
o

2 T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Time (ms) Max: 27.96708 @ 20.16
Min: -56.121719E-03 @ 1.76
Ave: 8.575019

Figure C.14.a. Middle Thoracic Rib Deflection — Dummy 032
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Figure C.14.b. Middle Thoracic Rib Deflection — Dummy 056

-C-16 -




Curve# 1 Chan# 20 RB3YD2 (mm) 12500 Hz 4126 Points H:\SIDIls Dx3\S031217-10032.dx3  02-18-2004
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Figure C.15.a. Lower Thoracic Rib Deflection — Dummy 032
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Figure C.15.b. Lower Thoracic Rib Deflection — Dummy 056
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Curved# 1 Chand# 29 RBAYD2 (mm) 12500 Hz 4126 Points H:\SIDIls Dx3\S031217-1032.dx3  02-18-2004
13:55:12

"RE4YDZ (mem)
RBAYDZ (rmm)
PB4 D2 (ram)
SIETEaT Jo

F'éd‘f‘['i {rrrm}

RBAYD2 frm)

-10 T ¥ 4 T T 1 T T v T T T T T T T T T T
1] 10 20 30 40 50 60 70 80 90 100
Time (ms) Max: 48.00182 @ 22.48
Min: -1.397506E-02 @ 0.64
Ave: 16.79663

Figure C.16.a. Upper Abdominal Rib Deflection — Dummy 032
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Figure C.16.b. Upper Abdominal Rib Deflection — Dummy 056
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Curve# 1 Chan# 30 RB5YD2 (mm) 12500 Hz 4126
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Figure C.17.a. Lower Abdominal Rib Deflection — Dummy 032
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Figure C.17.b. Lower Abdominal Rib Deflection — Dummy 056
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Curve# 1 Chan# 34 LMBYF2 (N) 12500 Hz 4126 Points  H:ASIDls Dx3\S031217-1032.dx3  02-18-2004
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Figure C.18.a. Lumbar Lateral Shear Force — Dummy 032
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Figure C.18.b. Lumbar Lateral Shear Force — Dummy 056
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Figure C.19.a. Lumbar Lateral Bending Moment — Dummy 032
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Figure C.19.b. Lumbar Lateral Bending Moment — Dummy 056
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Figure C.20.a. Pelvis Lateral Acceleration — Dummy 032
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Figure C.20.b. Pelvis Lateral Acceleration — Dummy 056
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Figure C.21.a. Pelvis Resultant Acceleration — Dummy 032
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Figure C.21.b. Pelvis Resultant Acceleration — Dummy 056
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Figure C.22.a. Left Acetabulum Lateral Force — Dummy 032
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Figure C.22.b. Left Acetabulum Lateral Force — Dummy 056
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Figure C.23.a. Left Iliac Wing Lateral Force — Dummy 032
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Figure C.23.b. Left lliac Wing Lateral Force — Dummy 056
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Figure C.24.a. Sum of Acetabulum and Iliac Wing Lateral Forces ~ Dummy 032
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Figure C.24.b. Sum of Acetabulum and Iliac Wing Lateral Forces — Dummy 056
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