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Introduction 

Wall Configuration 
Flat 
Flat 

Abdomen Offset 

As part of the SID-11s FRG dummy evaluation of the National Highway Traffic Safety 
Administration (NHTSA), repeatability and reproducibility (R&R) of the SID-11s FRG dummy 
were analyzed. In December 2003, two SID-11s dummies of the FRG design configuration 
(described in detail in “Development of the SID-11s FRG,” Rhule et al, November 2003) were 
tested on the Hyge sled at TRC. 

Wall Stiffness Impact Speed ( d s )  Quantity of Tests 
Rigid 6.7 5 
Rigid 6.0 5 
Rigid 6.0 6 

Methods 

Two test conditions were selected for R&R assessment of the SID-11s FRG: a 6.7 d s  Rigid Flat 
Wall test and a 6.7 d 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-11s FRG R&R Sled Test Matrix 

Test Setup 
Two SID-11s 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 
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two Teflon-covered rails to support the dummy from behind as shown in Figure 2. 

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

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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4TE 

Figure 3. Side view of Dual Occupant Side Impact sled 
buck shown with offset block 

Figure 4. Offset block dimensions 
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Figure 5. Abdomen Offset test setup 

Flat Rigid Wall 
Flat Rigid Wall 

Rigid Abdomen Offset 

Target Peak Peak 
Impact Acceleration Duration 

6.7 13.41 80 

6.0 12 80 
6.0 12 80 

Speed ( d s )  (I9 (ms) 

Kuppa, S., “Injury Criteria for Side Impact Dummies”, May 2004. 1 
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Table 3. Instrumentation for SID-11s FRG R&R Sled Series 

Dummy 

Sled 

I TOTAL 

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. 

Figure 6. Typical high-speed digital video frame 
showing dummy head at maximum lateral 
translation, with head target and initial position 
used in motion analysis labeled. 
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Results and Discussion 

6.7 m / s  Flat Wall Tests 

The shoulder displacement and upper spine (T 1) acceleration measurements were not included in 
the R&R analysis for the 6.7 d 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. 

Cum# 1 Char# 57 SHLYG6 (g) 12930 Hz 4126 Points u \BIWATRICKB\SIDlls and E S 2  TestsEIDlls 
Dx3Ws*hS0312081rn dx3 02-ZZm, 15 36 51 Scale for unds g = 6m to 3Dl. mm = 36 to 56 

im io1 im im 1~ I D ~  io6 io7 IDB iw 110 1 1 1  
Time (ms) Max 202675s@lffi@4 

Pnt#- 1563 X- 104.96 Y--62.326782 Min -5025aa@lffi2E 
Ave 4 2 7 W  

Figure 7. Shoulder deflection (green), upper spine (Tl) 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. 

- 6 -  



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 l6.l%, respectively. Figures 10 and 1 1 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. 

CUM# 2 ChanX 16 N E W  (Wm) 12500 Hz 4126 Points HBIDlls Dx3\90312092m2 dx3 02-192Uy 
15 1331 

UEMML (N'm) 
UEkXM2 (N'm) 
QEWM.! (N"rn) 
l 'l I 4  , I f  
\1€I 'M7 (IWrr,, 
'4EKXMG (N%) 
\IEkXMG (N*m) 
' 4 E W  (N*m) 
dEIC(MG (Wm) 
.IEh,YM (N'm) 

I 
63 72 
17 52 

0 i o  20 a 40 50 80 70 m 90 
Time (ms) Max BEE6 

Mm -19722981 
AE 1125497 

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 same2, 
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 1 Omm higher than dummy 032. The increased seating height of 
dummy 056 resulted in offset contact approximately 1 Omm lower on the ribs compared to 
dummy 032 (Figure 20). 
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Figure 17. Shoulder deflection comparison between dummies 
with lOmm seating height difference during Test 11-1 

Dummies were not formally inspected prior to testing since a drawing package to confirm correct 2 

anthropometrylspecifications was not yet available. 
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C u d  6 ChanX 43 R B Y E  [mm) 
Dx3\S0312t1-1~ dx3 02-20-2004 16 46 31 

12500 Hz 4126 Points U WIO\PATRICKB\SIDlls and E S 2  TestsEIDlls 

40 
Rib 1 Dummy 32 max = 25 mm 
Rib  1 Dummj 56 max = 24 mm 
Rib 2 Dummy 32 max = 19 mm 
Rib 2 Dummj 56 rnax = 13 mm 
Rib 3 Dummy 32 rnax = 33 mm 
Rib 3 Dummy 56 max = 18 mm 

/\. 
30- 

30 - 

- 
1 E 
8 20- 

'5 
t 

- - - - - -- \ 

k--- 

---- _-- - 
10 - 

-10 -a L 0 20 40 lime (ms) 60 80 I O I  Max 1859115@ 120 16 

Min -0651MJs@52M 
Ave 3455724 

Figure 18. Thoracic rib deflection comparison between dummies with 
lOmm seating height difference during Test 11-1 
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Figure 19. Abdominal rib deflection comparison between dummies 
with lOmm seating height difference during Test 11-1 
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For SID-11s 032, the 1Omm 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-11s dummy is capable of detecting slight variations in input. 

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

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 1 Omm 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.l 
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 HIC36 is 1000 (Kuppa, 2004); the 
average HIC36 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 HIC36 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 d 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 5 100 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-11s 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-11s dummy is sensitive to small changes in its impact environment, even as little as a 
1 Omm pelvis height difference. 
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Appendix A. 
6.7 m/s Rigid Flat Wall Sled Test Responses 
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Figure A. 1. Sled Acceleration Pulse 
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Figure A.2. Sled Velocity 
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Curve# 1 Chat# 5 HEDYG2 (g) 12500 Hz 4126 Points U \BIO\PATRICKB\SIDlls and ES-2 TestsEIDlls 
Dx3\S031204-lC02 dx3 02-12-2(304 12.15 19 
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Min -0 471987 Q 5 92 
Ave 8369357 

Figure A.3.a. Lateral Head Acceleration - Dummy 032 
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Figure A.3.b. Lateral Head Acceleration - Dummy 056 
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Time (ms) Max. 3665837 272 

Min -50270481 i 4  
Ave 9.401738 

Figure A.4.a. Vertical Head Acceleration - Dummy 032 

Curve# 1 Chan# 6 HEDZG6 (9) 12500 Hz 4126 Points U:\BIO\PATRICKBEIDIIs and ES-2 TestsEIDlls 
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0 10 40 50 60 70 80 90 1 
Time (rns) Max: 36.5589 @ 23.84 

Min: -4.625468 Q 7.76 
h e :  10.31252 

Figure A.4.b. Vertical Head Acceleration - Dummy 056 
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Cum# 1 Char# 33 HEDRM (9) 1Koo Hz 4126 Points U:\BIO\PATRICKB\SIDIIs and ES-2 Tests\SIDlls 
D~3\S031204-lm2.d~3 02-12-2004 12 28 13 
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l i t 1  1 
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Min: 0.1244642 @ 0 72 
Ave: 14 75267 

Figure A.5.a. Resultant Head Acceleration - Dummy 032 
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Figure A.5.b. Resultant Head Acceleration - Dummy 056 
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Cum# 1 Chan# 14 NEKYF2 (N) 125w Hz 4126 Points U:\BIo\PAlRICK&SIDIIs and ES-2 Tests\SIDlls 
Dx3\S[)31204-1 a32. dx3 02-12-Mo4 12:=.33 

I n n I ,  I I 
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Time (ms) 

Figure A.6.a. Upper Neck Lateral Shear Force - Dummy 032 
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Figure A.6.b. Upper Neck Lateral Shear Force - Dummy 056 

- A-8 - 



Curvet 1 ChanX. 15 NEKIF2 (N) 
Dx3\S031204-lmZ.dx3 02-12-2004 12:32:58 

12500 Hz 4126 Points U:WIO\PATRICKBWDIIs and E S 2  Tests\SIDlls 

14UU I 
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Time (ms) Max 1223876 

Min -186 15954 
Ave 317447 

Figure A.7.a. Upper Neck Axial Force - Dummy 032 
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Figure A.7.b. Upper Neck Axial Force - Dummy 056 

- A-9 - 



C U M  1 ChanC 16 NEKXM2 (FTm) 12502 Hz 4126 Points U \BIO\PATRICKB\SIDlls and ES-2 TeslsiSIDlls 
Dx3SI31204- lW dx3 02-12-2004 12 34 44 
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Figure A.8.a. Upper Neck Lateral Bending Moment - Dummy 032 
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Min: -31 01922 @ 13.68 
Ave: 1228144 

Figure A.8.b. Upper Neck Lateral Bending Moment - Dummy 056 
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Cum# 1 ChanY 18 NEKUvl2 (Wm) 
Dx3\SOJ1204-lQ32 dx3 02-12-2004 12 39 37 

12502 Hz 4126 Points U WIO\PATRICKB\SIDlls and ES-2 TestsEIDlls 
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Figure A.9.a. Upper Neck Axial Moment - Dummy 032 

Figure A.9.b. Upper Neck Axial Moment - Dummy 056 
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Curve#. 1 Chan#. 26 Tl2YG2 (9) 12sM Hz 4126 Points U:\BIO\PATRICKB\SIDIIs and ES-2 Tests\SIDlls 
0 ~ 3 \ ~ 0 3 i r n - i m . d ~ 3  02 -12 -~04  i4:rn:m 
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Min -10 51081 .@ 48 88 
Ave 8604857 
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Figure A. 1O.a. Lower Spine Lateral Acceleration - Dummy 032 
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Figure A. 1O.b. Lower Spine Lateral Acceleration - Dummy 056 
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C U M  1 ChaM 36 T12RG2 (g) 12500 Hz 4126 Points U:\BIO\PATRICKfiSIDIIs and ES-2 Tests\SIDlls 
Dx3\S031a)4-lmZ.dx3 02-12-2004 155134 
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Time (ms) Max 5370206 

Min 7295825E 
Ave 1343468 

Figure A. 1 1 .a. Lower Spine Resultant Acceleration - Dummy 032 
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Ave 1356313 

Figure A. 1 1 .b. Lower Spine Resultant Acceleration - Dummy 056 
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Cum# 1 Char# 40 RB1 YD2 (mm) 
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Figure A. 12.a. Upper Thoracic Rib Deflection - Dummy 032 
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Ave 149076 

Figure A.12.b. Upper Thoracic Rib Deflection - Dummy 056 
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Cum# 1 Chan# 41 RB2YD2 (mm) 125W Hz 4126 Points 
Dx3\S031204-lm2 dx3 02-12-2034 15 53.48 
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Figure A.13.a. Middle Thoracic Rib Deflection - Dummy 032 
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Figure A. 13 .b. Middle Thoracic Rib Deflection - Dummy 056 
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C U M  1 Chan# 42 RB3YD2 (rnrn) 
Dx3\S031204-lmZ dx3 02-12-2034 15 54 11 

125M Hz 4126 Points U \BIO!PATRICEISIDlls and ES-2 TeslsSIDlls 
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Ave 1686804 

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

Curve# 1 Chan# 42 RB3YD6 (rnrn) 
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Min -01462388 
Ave 1644058 

Figure A. 14.b. Lower Thoracic Rib Deflection - Dummy 056 
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Curve# 1 Char# 43 RB4YD2 (mm) 12500 Hz 4126 Points U \BIOWATRICKB\SIDlls and ES-2 TestsSIDlls 
Dx3\S031204-lm2 dx3 02-12-2004 15 54 37 
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Figure A. 15.a. Upper Abdominal Rib Deflection - Dummy 032 
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l o ~ , i . i . i . i . , . i r i ~ i  1 I 

0 10 20 30 40 50 87 70 el 90 
Max 502408( 
Min 0 1668511 
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Figure A. 15.b. Upper Abdominal Rib Deflection - Dummy 056 
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Cum# 1 Chan# 44 RB5YD2 (mm) 
Dx3\S031234-1m2 dx3 02-12-2004 15 55 40 
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Figure A.16.a. Lower Abdominal Rib Deflection - Dummy 032 
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Figure A. 16.b. Lower Abdominal Rib Deflection - Dummy 056 
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Figure A. 17.a. Lumbar Lateral Shear Force - Dummy 032 
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Figure A. 17.b. Lumbar Lateral Shear Force - Dummy 056 
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Cum# 1 Chan# 29 LMBXM2 (N'm) 12500 Hz 4126 Points U \BIO\PATRICKB\SIDlls and ES-2 Tesis\SIDlls 
Dx3W131a04-llD32 dx3 02-12-2004 16 07 02 
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Figure A. 18.a. Lumbar Lateral Bending Moment - Dummy 032 

Cum# 1 Char# 29 L M W  (FPm) 12500 Hz 4126 Points U:\BIO\PATRICKBSIDIIs and ES-2 Tesis\SIDlls 
Dx3S031234-1 a56.dx3 02-12-2004 16:07:53 

- 
E 
z 
f 
x m 

_I 
H 

0 10 20 30 40 50 m m 80 4) 
Time (ms) Max 341962 

Min -6353336 
Ave -200439 

Figure A. 18.b. Lumbar Lateral Bending Moment - Dummy 056 
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Cum# 1 Chan#. 37 PEVYG2 (9) 1 K w  Hz 4126 Points H \SIDlls Dx3S031204-lU32 dx3 02-182004 
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Ave 1946151 

Figure A. 19.a. Pelvis Lateral Acceleration - Dummy 032 
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Figure A.19.b. Pelvis Lateral Acceleration - Dummy 056 
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Curve# 1 Chan# 46 PEVRG2 (9) 12500 Hz 4126 Points H:\SIDlls Dx3S031204-1032.dx3 02-182304 
11:24.52 

1 on 
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Time (ms) Max: 89.13022 

Min: 0.5652W 
Ave: 20.99952 

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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Cum# 2 Chan# 39 LACYF2 (N) 125W Hz 4126 Points H SIDlls Dx3\Sm1204-Za32 dx3 02-182004 
11 3040 
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Time (ms) Max 4371 51 1 Q 22 24 

Min -%8722@3E% 
Ave 5770956 

Figure A.21 .a. Left Acetabulum Lateral Force - Dummy 032 
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Figure A.21.b. Left Acetabulum Lateral Force - Dummy 056 
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Curve# 2 Char# 40 W Y F 2  [N) 125M Hz 4126 Polnts H \SIDlls Dx3\S031204-210JZ.dx3 02-182004 
11 3247 

4 0 0 )  , [ I I , I , I , I , I , I , I , I , 

Time (ms) Max 1320454@2563 
Min -329 0118 Q 16 48 
Ave -1901328 

Figure A.22.a. Left Iliac Wing Lateral Force - Dummy 032 
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Ave 148163 

Figure A.22.b. Left Iliac Wing Lateral Force - Dummy 056 
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Curve* 2 Cha& 41 Pekis-Sum2 (N) 1 K w  Hz 4126 Points H:\SIDlls Dx3\S031204-Ml32.dx3 02-18-2W4 
11:34:30 
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Figure A.23.a. Sum of Acetabulum and Iliac Wing Lateral Forces - Dummy 032 
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Figure A.23.b. Sum of Acetabulum and Iliac Wing Lateral Forces - Dummy 056 
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Appendix B. 
6.0 m/s Rigid Flat Wall Sled Test Responses 
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Cum# 2 Chan# 1 SLDXG (9) 12500 Hz 4126 Polnts H:\SIDlls Dx3\S03120PZ1032.d~3 02-182a34 
11:41.18 

I I I I I I 

-120 -100 -BO 60 -40 -20 0 M 
Time (ms) Max 0 58231 @ 14 4 

Min -1 1 68762 @54 4 
Ave -449661 

Figure B. 1. Sled Acceleration Pulse 

CUM?# 2 Chan# 3 SLOW (km/h) 12500 Hz 4126 Points H \SIDlls Dx3S031M9-2mZ dx3 02-18-2004 
11 4222 

-120 -lM -80 60 -40 -M 0 2 0 4 0 6 0 8 0 1  
Time (ms) Max 014lE8lE 

Min -2099539g 
Ave -1445Jn 

I 

10.64 
i3m.m 

Figure B.2. Sled Velocity 
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Cure# 2 ChaM 5 HEDYGZ (g) 12500 Hz 4126 Points H \SIDlls DxJ\S0312U32U32 dx3 02-18-2004 
11 4326 

''. I 

0 10 20 30 40 50 60 70 80 90 1W 
Time (ms) Max 14 7 7 1 9  Q 57 6 

Min -0 3657528 @ 5 2 
Ave 7665508 

Figure B.3.a. Lateral Head Acceleration - Dummy 032 

Cure# 2 Chan# 5 HEDYGG (g) 125M Hz 4126 Points H \SIDlls Dx3EE431M92fJ56 dr3 02-1&2004 
11 4450 

14 

12 

2 

2 i ~ l ~ l ' l ~ l ' ~ ' ~ ' ~ ~ ~ ~  
10 20 30 40 50 m 70 80 90 

Time (ms) Max: 13.25831 
Min: 0.436307: 
Ave: 7.12869 

I 
55.84 
! 0.m 

Figure B.3.b. Lateral Head Acceleration - Dummy 056 
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40 

in 

Curve# 2 Char# 6 HEDZG2 (9) 125(30 Hz 4126 Points H \SIDlls Dx3S0312092m2 dx3 02-182004 
120015 

HEDZG? ig) 
"HEDZG: (gl 
HEDZG (3) 

i -  
HEClZG-1 i y l  

0 10 20 30 40 50 m 70 Bo 90 1w 
Min. -4 056149 @ 6 
Ave 68985T7 

Time (rns) Max 2626@52@234 

Cum# 2 Chan# 6 HEDZGG (9) 12sM Hz 4126 Points H \SIDlls Dw3\so31iU9-2C56 dx3 02-1&2004 
11 46 19 

Figure B.4.a. Vertical Head Acceleration - Dummy 032 

Figure B.4.b. Vertical Head Acceleration - Dummy 056 

I ' I ' I ~ I ~ I ~ I ~  1 ~ 1 ~ 1  
10 20 30 40 50 m M 80 XI 

Time (ms) Max: 30.16936 
Min: 5.333402 6 
Ave: 7.712854 

27.2 
'.M 
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Curve# 2 Chan# 42 HEDRGZ (g) 125W Hz 4126 Points HSIDlls Dx3\S@31209-2(OJZ.dx3 02-182004 
11.49 11 

HEDRGl ig) 
'HEDRG; \gl  
HEDRGZ (y) 

HEDRG? iql 
d l  - 

0 10 20 30 40 50 m 70 80 90 100 
Time (ms) Max 27 84183 Q 28 64 

Min 4 121732E-02 Q 0 24 
Ave 1213969 

Figure B.5.a. Resultant Head Acceleration - Dummy 032 

Cum# 2 Chan#: 42 HEDRGG (9) 12500 Hz 4126 Points H:\SIDlls DK3\S031P02056.dx3 02-182004 
11.4805 

1 ~ 1 ~ 1 ' 1 ' 1 ~ 1 ~ 1 ~ 1 ~ 1 '  
10 20 30 40 50 m M 80 90 

Time (ms) Max 31 44211 
Min 0 4 m 7 9  
Ave: 1251467 

HEDRG6 (9) 
*HEDRW ig) 
HEDRGG (4 )  

HEDRCC l q i  
i s  I 

27.2 
4.16 

Figure B.5.b. Resultant Head Acceleration - Dummy 056 
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Curve# 2 Char# 14 NEKYF2 (N) 12500 Hz 4126 Pomts H \SIDlls Dx3\SOJlp9-2a32 dx3 02-182004 
11 5251 

1 
l n o ]  I I , , I , , I , , I , I , I , 

0 10 M 30 40 50 60 m 80 90 
Max 486 4512 @ 57 52 
Min -7 161918 @ 5 44 
Ave 2633687 

Time (ms) 

Figure B.6.a. Upper Neck Lateral Shear Force - Dummy 032 

Cum# 2 Chan# 14 NEKYFS (N) 12500 Hz 4126 Points H:\SIDlls Dx3\SJ31a39-2a56.dx3 02-182M34 
1153.48 

I ~ I ~ I ~ I ' I ~ I - I ' I ~ I '  
10 20 30 40 50 60 70 83 40 1 

Time (ms) Max 4555476 
Min -176921 Q 
Ave 256- 

Figure B.6.b. Upper Neck Lateral Shear Force - Dummy 56 

NEk YF6 IN) 
'NEI. ', F6 (1.1) 
NE1 YF6 (N) 

I JE i~ \F6  111, 
8 1  b 

5 7 6  
32 
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Curve# 2 Char# 15 NEKZFZ (N) 12500 Hz 4126 Points H \sIDlls Dx3\S031209-M32 dx3 02-18-2004 
11 5906 

0 10 M 33 40 50 m 70 80 90 
Time (ms) Max 8835601 

Min -156 0828 1 
Ave 2305489 

Figure B.7.a. Upper Neck Axial Force - Dummy 032 

Curve# 2 Chan# 15 N E W  (N) 12500 Hz 4126 Points H EIDlls Dx3\S031209-2056 dx3 02-182004 
11 5523 

0 10 20 30 40 50 m 70 80 90 
Time (ms) Max 1066723 

Min -16391281 
Ave 2720911 

Figure B.7.b. Upper Neck Axial Force - Dummy 056 
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3111  I I I I I I I I 8 I I 8 I I I ' 
0 10 20 30 40 50 m 70 80 90 

Max 28 55796 Q 68 72 
Min -19 32298 Q 17 52 

Time (ms) 

Ave: 11.25497 

Figure B.8.a. Upper Neck Lateral Bending Moment - Dummy 032 

Cum# 2 Chan# 16 N E W  (Wm) 12500 Hz 4126 Points H SIDlls Dx3\S031209-2a56 dx3 02-18-2004 
1 1  5733 

30 40 50 m 70 80 41 
Max 2583048@6356 
Mm -24 80293 Q 13 76 
Ave 1065W 

0 10 20 
Time (ms) 

Figure B.8.b. Upper Neck Lateral Bending Moment - Dummy 056 
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10 M 30 40 50 m 70 80 90 
Max 11 77561 
Min -1 53wB3 

Time (ms) 
d 

Ave: 4.723773 

Figure B.9.a. Upper Neck Axial Moment - Dummy 032 

Curve# 2 Chan# 18 N E W  (Wm) 12532 Hz 4126 Points H EIDlls Dx3\S03120¶-2a56 dx3 02-18-2004 
12 02 23 

20 30 40 50 m 70 80 90 
Max 1068811 
Min -2018256 

0 10 
Time (ms) 

Ave: 4.331665 

Figure B.9.b. Upper Neck Axial Moment - Dummy 056 
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Cum# 2 Chan# 23 TOlYG2 (9) 125M3 Hz 4125 Points H SIDlls Dx3W1209-2032 dx3 02-18-2004 
1205 14 

IO! , , , , I , I , I , I , 1 I I , I , I 

0 10 20 30 40 50 m 70 80 90 1 
Time (ms) Max 38 32717 Q 18 8 

Min -7 396(332 Q 67 04 
Ave 6343566 

Figure B.1O.a. Upper Spine (Tl) Lateral Acceleration - Dummy 032 

Cum# 2 Chan# Z3 lOlYG% (g) 125M) Hz 4126 Points H EIDlls Dx3\SmlZD92R56 dx3 02-18-2004 
12 06 16 

511 

1 

0 10 20 30 40 50 60 m 80 90 100 
Time (rns) Max 42 28319 Q 10 4 

Min -8 043141 Q 6?3 24 
Ave 6773536 

Figure B. 1O.b. Upper Spine (Tl) Lateral Acceleration - Dummy 056 
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Cum# 2 Chan# 32 T12YG2 (9) 12500 Hz 4126 Points H SIDlls Dx3W312W-21032 dx3 02-18-2004 
12 07 46 

10 20 30 40 50 m m %a 90 1W 
Max 39552E@Z48 
Min -7 de601 1 Q 52 8 
Am 724- 

0 
Time (ms) 

Figure B.11 .a. Lower Spine (T12) Lateral Acceleration - Dummy 032 

Curve# 2 Char# 32 T12YG6 (9) 12500 Hz 4126 Points H SIDlls Dx3\Sm1239-20% dx3 02-18-2004 
120828 

50 

40 1 

0 10 20 30 40 50 m m 80 90 
Time (ms) Max 3600296 

Min -7 m385a 
Am 7065051 

TlZYG6 (g) 
'Tl?i'G6 (I) 
TI1YC.6 (q) 

T 12 \ 1% iy'' 

I .  ~ /:. 

I 
16 56 
8.28 

Figure B.11 .b. Lower Spine (T12) Lateral Acceleration - Dummy 056 
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Cum# 2 Char# 25 SHLYDZ (mm) 12500 Hz 4126 Points H \SIDlls Dx3\S03120321032 dx3 02-182004 
12 09 35 

10 
0 10 20 XI 40 50 6o 70 80 90 

Time (ms) Max 4321659 
Min -08633903 
Ave 1380376 

Figure B. 12.a. Shoulder Rib Deflection - Dummy 032 

Curve# 2 Chan# 25 SHLYDG (mm) 12500 Hz 4126 Points H:\SIDlls Dx3S03120P2a56.dx3 02-18-2004 
12:17.52 

1 ' I ' I ~ I ~ I ' I ' I ' I ~ ~ -  

10 20 30 40 50 m 70 80 90 
Max 4425488 
Min 8 120263E 
Ave 1447686 

Time (ms) 

0 
126.72 
ij 4.88 

0 
20 16 
Q @ 1 6  

Figure B.12.b. Shoulder Rib Deflection - Dummy 056 
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C U M  2 Char# 26 RBIYD2 (mm) 12500 Hz 4126 Polnts H \SIDlls Dx3\S031209-ZR32 dx3 02-18-2004 
12 09 47 

40 , 

1u I ~ I ~ I ~ t ~ I ' I ~ I ~ I ~  I '  

0 io  20 #I 40 50 m 7D 80 90 
Time (ms) Max 3772403@2728 

Min -0 1582794 @ 4 Ed 
Ave 123518 

Figure B. 13.a. Upper Thoracic Rib Deflection - Dummy 032 

CUM# 2 Chan# 26 RElYOG (rnm) 125w Hz 4126 Paints HSIDlls Dw3\S0312(82a56 dx3 02-1SX04 
12 18 17 

I ~ I ~ I ~ I ' I ~ I - I ~ I ' I ~  
0 10 20 30 40 50 m M 80 90 100 

Time (ms) Mar 34 33832 @ 24 16 
Min -0 l s s 9 X 9 @ 4  
Am: 11 43477 

Figure B.13.b. Upper Thoracic Rib Deflection - Dummy 056 
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Cum# 2 Char# 27 RB2YD2 (mm) 12500 Hz 4126 Polnts H \SIDlls Dx3SJ3120P2Kl32 dx3 02-18-2004 
121008 

Figure B.14.a. Middle Thoracic Rib Deflection - Dummy 032 

Cum# 2 Chan# 27 RB2YD6 (mm) 12500 Hz 4126 Points H \SIDIIs Dx3S0312092056 dx3 02-182004 
12 18 44 

40 I 

I D  r'r 0 10 20 30 40 Time 50 (ms) 60 70 80 Max 90 3676361 

Min -9 6GS378E 
Ave 11 98722 

Figure B.14.b. Middle Thoracic Rib Deflection - Dummy 056 
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C u d  2 Char# 28 RB3YD2 (mm) 125M Hz 4126 Points H \SIDlls Dx33J312092032 dx3 02-18-2004 
12.10 20 

0 10 20 30 40 50 60 70 80 90 100 
Time (ms) Max 44 51- Q 27 36 

Min -7 512854E-GZ @ 0 16 
Ave 14 10273 

Figure B.15.a. Lower Thoracic Rib Deflection - Dummy 032 

Curve# 2 Chan# 28 RBJYD3 (mm) 12500 Hz 4126 Points H SIDlls Dx3W331B2056 dx3 02-18-2004 
121908 

, , . I  I . ,  

10 20 30 40 50 60 m 80 90 1W 
Time (ms) Max 3862567Q2472 

Min -8 318578E-02 Q 4 8 
Am 1295425 

Figure B. 15.b. Lower Thoracic Rib Deflection - Dummy 056 
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C u m #  2 Chan# 29 RB4YD2 (mm) 12500 Hz 4126 Points H \SIDlls Dx3\3312U%M32 dx3 02-1&2004 
121039 

411 

..._. 

I Y I  I I I , I I I , , I , I . 8 

0 10 20 30 40 50 m 70 80 90 1W 
Time (ms) Max 3897262@2736 

Min -1 999701 E-02 Q 7 6 
Ave 12 24478 

Figure B. 16.a. Upper Abdominal Rib Deflection - Dummy 032 

cme# 2 Chan# 23 RB4YD6 (mm) 12500 Hz 4126 Points H EIDlls Dx3\3J312002U56 dx3 02-18-2004 
12 19 33 

10 

i l l  

Zri 

1@ 

I /  

10 
0 10 20 30 40 50 m m 80 90 1W 

Time (ms) Max 3 4 6 8 8 @ 2 5 1 2  
Min -4 151155E-02 @ 4 93 
Ave 12M216 

Figure B.16.b. Upper Abdominal Rib Deflection - Dummy 056 
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Cum# 2 Char# 30 RB5YD2 (mm) 12532 Hz 4126 Points H \SIDlls Dx3SJ31209-2032 dx3 02-182004 
12 10 52 

18 

Figure B. 17.a. Lower Abdominal Rib Deflection - Dummy 032 

Curve# 2 Chan# 30 RB5YC6 (mm) 125M Hr 4126 Points H \SIDlls Dx3\SJ312J%21K6 dx3 02-18-20X 
12 19 57 

16 

0 

2 l ' l ~ l ' l ' " - ~ " ' i  
0 10 20 30 40 50 m m 80 90 

Max 1398116 
Min -37815831 
Ave 5 0 4 W  

Time (ms) 

Figure B. 17.b. Lower Abdominal Rib Deflection - Dummy 056 
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Curve# 2 Char# 34 LMBYF2 (N) 125w Hz 4126 Points H EIDlls Dx3S031209-2tJ32 dx3 02-182004 
12 22 23 

1 7 0 0 ,  I I ,  I , , , , , I ,  I I I ,  I , ,  , 

LMBYFZ (N) 
*LMBYFZ (14) 
LMBYFZ IN) 
."! . ! -  ! 
LMBYF: iP.1: 

D 
Time (rns) Max 1692134@992 

Min -827 2514 Q 36 32 
Ave -2693349 

Figure B. 18.a. Lumbar Lateral Shear Force - Dummy 032 

Cum# 2 Chan# 34 LMBYF6 (N) 12sM3 Hz 4126 Points H EIDlls Dx3S031209-2a56 dx3 02-182004 
1221 50 

I sno 
0 10 20 30 40 50 m m 80 90 100 

Time (ms) Max 173 187 @ 90 OB 
Min -1mSsSSQ32 16 
Ave -3358709 

Figure B. 18.b. Lumbar Lateral Shear Force - Dummy 056 
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Cum# 2 Char# 35 LMBXM2 W m )  125M) Hz 4126 Points H EIDlls Dx3W1209-M32 dx3 02-1820(34 
12 23 07 

40 

0 10 M 30 40 50 m m 80 90 
Time (ms) Max 3332198 

Min -55 0496 e 
Aw -3126997 

Figure B.19.a. Lumbar Lateral Bending Moment - Dummy 032 

C U M  2 Char# 35 ! A B M  (N'm) 12500 Hz 4126 Points H:EIDlls DK3W12(152056 dx3 02-18-234 
12.33 26 

50 

0 10 30 40 50 m m 80 90 
Max 37 5479 @ 9d 24 
Min -69895260 1896 
Aw -4033741 

Time (ms) 

Figure B.19.b. Lumbar Lateral Bending Moment - Dummy 056 
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C U M  2 Char# 37 PEVYG2 (9) 12500 Hz 4126 Polnts H \SIDlls Dx3\S091209-2(032 dx3 02-182004 
122612 , 80 

IO 
0 10 20 P 

Time (ms) 
40 50 

Max 72 34834 @ 18 72 
Min -1 552271 @ 37 84 
Ave 1591333 

Figure B.20.a. Pelvis Lateral Acceleration - Dummy 032 

Cum# 2 Chan# 37 PEVYGG (9) 12500 Hz 4126 Points H \SIDlls Dx3S031209-21056 dx3 02-182004 
12 34 03 

111 , I I I 1 

0 10 M P 40 
Time (ms) Max 638133 

Min -2 434907 
Ave 1563295 

PEVYGG (9) 
*PE\/:'C-6 ig) 
FEb Y LC (9) 

FE / )  1-1 ~ q ,  

1 
18 56 
49 52 

Figure B.20.b. Pelvis Lateral Acceleration - Dummy 056 
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1 

1 no 

Curve# 2 Chat# 46 PEVRG2 (9) 125W Hz 4126 Pomts H \SIDlls Dx3\S0312(19-2032 dx3 02-182004 
12 Z 48 

LU 
0 10 M J) 40 

Time (ms) Max 7260571 
Min 09282821 
Aw 17 12181 

Figure B.21 .a. Pelvis Resultant Acceleration - Dummy 032 

Cum# 2 Chan# 46 PEVRG6 (9) 125w Hz 4126 Points H \SIDlls Dx3\S0312(19-2a56 dx3 02-182004 
123433 

I I IC1 I I I 

0 10 20 P 
Time (ms) 

40 
Max. 6387234 
Min 09714659 
Ave: 166445 

Figure B.21 .b. Pelvis Resultant Acceleration - Dummy 056 

18.72 
0.16 

18.55 
8.96 
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Cum# 2 Chan# 39 L A C Y R  (N) 125Ol Hz 4126 Points H EIDlls Dx333312092R32 dx3 02-18-2004 
12 27 26 

40nn 

I iinu 
0 10 M 30 40 50 m 70 80 90 1 

Time (ms) Max 34@354@X 
Min -51 691 12 @ 42 56 
A- 4540208 

Figure B.22.a. Left Acetabulum Lateral Force - Dummy 032 

C U M  2 Chan# 39 LACYF6 (N) 12500 Hz 4126 Points H EIDlls Dx3\5mlX!9-M56 d.73 02-18-2004 
123506 

0 10 20 4a 50 m 70 80 90 1 
Max. 3238921 ( Time (ms) 
Min -70 14778 
Am 3880738 

Figure B.22.b. Left Acetabulum Lateral Force - Dummy 056 
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Cum# 2 Chan# 40 UWYF2 (N) 1Koo Hz 4126 Points H\SIDIIs Dx3\503120921032 dx3 02-182004 
12 27 52 

10 M 30 40 50 m 70 80 90 1W 
Time (rns) Max 5942858@5196 

Man -31 1 7803 @ 20 72 
Ave -3260452 

Figure B.23.a. Left Iliac Wing Lateral Force - Dummy 032 

Curve# 2 Chan# 40 UWYFG (N) 12500 Hz 4126 Points H \SIDlls DxRS031iU9-21056 dx3 02-182004 
123530 

0 10 20 30 40 50 60 m 80 90 1 
Time (ms) Max 10431131 

Min -306 0489 f 
Ave -1793923 

Figure B.23.b. Left Iliac Wing Lateral Force - Dummy 056 
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C U M  2 Cham# 41 Petvis-Sum2 (N) 12500 HZ 4126 Points H SIDlls Dx3\S0312092D32.dx3 02-18-2024 
12.28 16 

10 M 30 40 50 m 70 80 90 100 
Time (ms) Max 3158 417 @ 25 36 

Min -1ffi5533@1712 
Ave 421 4153 

Figure B.24.a. Sum of Iliac Wing and Acetabulum Lateral Forces - Dummy 032 

Cuwe# 2 Chan# 41 Pelws-Sum6 (N) 12533 HZ 4126 Points H SIDlls Dx3\so312C?-2a56 dx3 02-18-2004 
12 35 57 

4uoo 

10 20 30 40 50 60 m 80 90 100 
Time (ms) Max 3 0 4 2 i 9 @ 2 5 2 8  

Min -129 9753 Q 16 16 
Ave 370 1345 

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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Cum# 1 Char# 1 SLDXG (g) 12500 Hz 4126 Points H WDlls Dx3\S031217-liD32 dx3 02-182004 
13 48 52 

Time (ms) Max 1 236454 @ M 
Min -1 1 7 4 1 9  e45 76 
Ave -4 040637 

Figure C. 1. Sled Acceleration Pulse 

C u r d  1 Chan# 3 SLDXV ( k m )  12500 Hz 4126 Points H.\SIDlls Dx3S031217-llOJL.dx3 02-18-2004 
13:49 32 

2 

-120 -100 -80 -60 -40 -20 0 M 4 0 6 0 8 0 '  
Time (ms) Max: 0.125758' 

Min: -21 0476 @ 
Ave: -14.- 

Figure C.2. Sled Velocity 
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Cum# 1 Chan# 5 HEDYG2 (g) 12500 Hz 4126 Points H:\SIDlls Dx3W31217-1032.dx3 02-18-XO4 
135032 

16 

2 
0 10 20 30 40 50 m 70 80 90 1W 

Time (ms) Max 14 74948 @ 54 24 
Man -03878691 a368 
Ave 7 2 5 6 3 3  

Figure C.3.a. Head Lateral Acceleration - Dummy 032 

Curve# 1 Char# 5 HEDYGG (9) 12500 Hz 4126 Points H\SIDlls Dx3\S031217-lU%.dx3 02-18-2004 
141334 

16 

1 

0 10 20 30 40 50 m M 80 90 
Time (ms) Max 1419339 

Min -0 23- 
Ave 7288673 

51 28 
5.12 

Figure C.3.b. Head Lateral Acceleration - Dummy 056 
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Curve# 1 Cham# 6 HEDZG2 (g) 12503 Hz 4126 Polnts H \SIDllt Dx3\SO31217-lU32 dx3 02-18-2004 
13 50 48 

0 10 20 39 40 50 60 70 80 90 100 
Time (ms) Max 31 64319 @ 28 4 

Min -1 607352 Q 4 96 
Ave 7.49513 

Figure C.4.a. Head Vertical Acceleration - Dummy 032 

Curve# 1 Chan# 6 HEDZGG @) 12500 Hz 4126 Points H:\SIDlls DflW1217-1Cl56 dx3 02-182004 
14.1402 

.^ 1 
I L I i  I I I ,  I I I I I ,  I 1 1  I 1 1 ,  

0 10 M 30 40 50 60 70 80 90 1 
Time (ms) Max 3384643 

Min -257179iij 
Ave 7660132 

Figure C.4.b. Head Vertical Acceleration - Dummy 056 
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Cum# 1 Char& 42 HEDRG2 (9) 12500 Hz 4126 Points HYSIDlls Dx3\S031217-lEl2 dx3 02-182X4 
13.51 05 

4@ 

0 10 20 30 40 50 m 70 80 90 1W 
Time (ms) Max 33 49756 Q 20 4 

Min 0 1568081 Q 152 
Ave 1221585 

Figure C.5.a. Head Resultant Acceleration - Dummy 032 

Cuw# 1 Char# 42 HEDRGG (9) 12y10 Hz 4126 Pomts H \SIDlls Dx3\5031217-1a56 dx3 02-182004 
14 14 23 

40 

30 

20 

10 

0. 

10 1 ~ 1 ~  I ~ I ' l ~ I ~ I * I ' I '  
10 20 30 40 50 m 70 80 90 11 

Max: 3551J15( 
Min: 0.1201452 I 
Am: 1247706 

l ime (rns) 

Figure C.5.b. Head Resultant Acceleration - Dummy 056 
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Curve# 1 Chan# 14 NEKYF2 [N) 12500 Hz 4126 Points H:\SIDlls Dx3\S031217-ltJ32.dx3 02-la2004 
13.51.27 

1 
- i n n [ ,  I , ,  I 

0 10 M 30 40 50 m 70 80 90 1 
Time (ms) Max 4868255@5424 

Min -3 E6214 Q 4 16 
Ave 2479187 

Figure C.6.a. Upper Neck Lateral Shear Force - Dummy 032 

CUM# 1 Chan# 14 NEKYF6 (N) 125w HZ 4126 Points H \SIDlls D~3\5031217-la56 dx3 02-1B2004 
14 14 55 

I I I I . , . , . , . , . , . , . ,  

Time (rns) Max 502 3413 Q 51 28 
Min -3126886@6608 
Ave 261 476 

Figure C.6.b. Upper Neck Lateral Shear Force - Dummy 056 
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Curve# 1 Chan# 15 N E W 2  (N) 12500 Hz 4126 Points H EIDlls Dx3\Sm1217-lR32 dx3 02-18-2004 
13 51 52 

I :on 

2 0 0 1  , I , , , , 
I ' I ~ I ' I ~ I ~  

Time (ms) Max 1129532 
Min -89 89874 ( 
Ave 2492091 

30 40 50 60 70 80 90 0 10 M 

Figure C.7.a. Upper Neck Axial Force - Dummy 032 

2004 , I , I , I , I ~ I ~ I ~ I - I ~  

Time (ms) Max 1238772 
Min -81 7BJ4 
Ave 2775489 

10 iu 30 40 50 a, 7o 80 90 0 

Figure C.7.b. Upper Neck Axial Force - Dummy 056 

- c-9  - 



Curve# 1 Chan# 16 N E W 2  V m )  12500 Hz 4126 Points H EIDlls Dx3\S031217-lU32 dx3 02-182W4 
13 52 07 

40 

~ 0 I ~ , ~ l ~ l ~ l ~ l ~ I ' I ' I ' I '  
20 30 40 50 60 70 80 90 1W 0 10 

Max 3072219@46 Time (rns) 
Min -26 0705 (lil 15 92 

Figure C.8.a. Upper Neck Lateral Bending Moment - Dummy 032 

Cum# 1 Chan# 16 N E W 6  (N'm) 12500 Hz 4126 Points H EIDlls Dx3\Sa31217-lM dx3 02-18-2004 
14 15 47 

- c 
E 
f 3 
UJ -7 

- 3 @ ] , ,  I ,  I I U I ' I ' I ' J ' I ' I '  
30 40 50 60 70 80 90 

Max. 3237616 
Min: -27 72621 

0 10 M 
Tme (ms) 

Ave: 10 37084 

Figure C.8.b. Upper Neck Lateral Bending Moment - Dummy 056 
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Curve# 1 Chan# 18 NEKDul2 (Wm) 12500 Hz 4126 Points H SIDlls Dx3\Sm1217-la32 dx3 U2-18-2wa 
13 52 31 

Aw: 4.552132 

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 lDlYG2 (9) 12530 Hz 4126 Points H SIDlls Dx3\S031217-lfJ32 dx3 02-18-M(lrI 
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Figure C.1O.a. Upper Spine (Tl) Lateral Acceleration - Dummy 032 
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Figure C.1O.b. Upper Spine (Tl) Lateral Acceleration - Dummy 056 
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Curve# 1 Chan# 32 T12YG2 (9) lK00 Hz 4126 Points H:\SIDlls Dx3\5031217-1?T32 dx3 02-18-2004 
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Figure C.ll.a. Lower Spine (T12) Lateral Acceleration - Dummy 032 
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Figure C. 1 1 .b. Lower Spine (T12) Lateral Acceleration - Dummy 056 
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Cum# 1 Chan# 25 SHLYD2 (mm) 125w Hz 4126 Points H \SIDlls Dx3\931217-lfJ32 dx3 02-18-2004 
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Figure C.12.a. Shoulder Rib Deflection - Dummy 032 
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Cum# 1 Chan# 25 SHLYDG (mm) 12500 Hz 4126 Points H \SIDlls Dx3S031217-11056 dx3 02-18-2004 
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Figure C.12.b. Shoulder Rib Deflection - Dummy 056 
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Cum# 1 Char# 26 RBlYD2 (mm) 125M Hz 4126 Points H:\SIDlls Dx3\S031217-lR32.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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Cum# 1 Chan# 27 RB2YD2 (mm) 125w Hz 4 1 X  Points H \SIDlls Dx3\S031217-1032 dx3 02-18-2004 
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Figure C.14.a. Middle Thoracic Rib Deflection - Dummy 032 
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Figure C. 14.b. Middle Thoracic Rib Deflection - Dummy 056 
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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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Cum# 1 Char# 29 RB4YD2 (mm) 12500 Hz 4126 Points H \SIDlls Dx3\SJ31217-liD32 dx3 02-1B2004 
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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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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 LMBYFZ (N) 12332 Hz 4126 Points H \SIDlls Dx3\S031217-11032 dx3 02-182004 
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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 

Figure C.19.b. Lumbar Lateral Bending Moment - Dummy 056 
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Cum# 1 Chan# 37 PEVYG2 (g) 12500 HZ 4126 Polnts H \SIDlls Dx3S031217-11032 dx3 02-182004 
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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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Curve#. 1 Chan#. 39 LACYR (N) 12500 Hz 4126 Points H:\SIDlls Dx3\S031217-1U32.dx3 02-18-2004 
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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 

- C-24 - 
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Figure C.23.a. Left Iliac Wing Lateral Force - Dummy 032 
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Figure C.23.b. Left Iliac Wing Lateral Force - Dummy 056 
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Figure C.24.a. Sum of Acetabulum and Iliac Wing Lateral Forces - Dummy 032 

Cum# 1 Chan# 41 Pehns-Sum6 (N) 12500 Hz 4126 Points H \SIDlls Dx3\S031217-1D56 dx3 02-18-2134 
14 27 05 

x o n  

-xu0 

2400 

i 2on  

3000 

1 RW 

1500 

? 1400 
co 

i20n 

2 lU00 
> - 

8UO 

GUO 

400 

znu 
O 

zon 
400 

0 10 20 40 50 m 70 80 90 
Time (ms] Max 2577713 

Min -235 4437 I 
Ave 253941 

Figure C.24.b. Sum of Acetabulum and Iliac Wing Lateral Forces - Dummy 056 
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