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Buckle in frame, deformed inward
and upward for SOI_1

(b)

Figure 32. Frame deformation comparison between
SOI 1 and SOI 2 and SOI 3

As measured by the response of the occupant, the SOI and
Oblique test procedures showed similar repeatability. In both
conditions, repeatability was generally acceptable, though
there were noticeable differences in the response of the head
and the tibia. As indicated earlier, the differences in head
response are most likely related to the restraint deployment
timing differences that occurred in the second test of each
group. Especially in the Oblique condition, this finding
suggests that the THOR ATD is sensitive to even minor
changes in inflatable restraint deployment timing.

It is also noteworthy that the repeatability of the THOR
ATD in these test conditions was comparable to that of the
Hybrid III series of ATDs in full frontal and oblique test
conditions. However, the repeatability and potentially the
durability of the lower extremity hardware and
instrumentation must be closely monitored in test conditions
such as SOI and Oblique, where intrusions can occur at rates
that exceed those of the hardware certification requirements.

With regard to vehicle repeatability, the categories where
the largest differences were observed in the SOI and Oblique

test conditions were toepan intrusion and steering wheel
intrusion. In the case of toepan intrusion, the associated
occupant response (revised tibia indices) also showed large
differences. However, it is surprising that while the tibia
measurements were among the least repeatable in the SOI
and Oblique tests, the ankle rotations, especially plantar- and
dorsiflexion, were among the most repeatable measures. This
suggests that larger-scale intrusions may have been similar in
order to impart similar gross motions on the feet of the
occupant, while there may have been differences in localized
loading (for instance, contact between the upper tibia and a
different portion of the knee bolster air bag) that drove
differences in the load paths to the lower extremity.

The steering wheel intrusion is an area where the
occupant itself may have influenced the repeatability of the
measured intrusion - and vice-versa. In test SOI 1, the
steering wheel intrusion was 75 to 86 millimeters higher in
the vehicle Z-axis direction than in the other SOI tests.
Inspecting the post-test positions of the steering wheel rims
(Figure 33), it appears that the steering wheel in SOI 1 was
pushed upwards, towards the IP, and rotated about the vehicle
Y-axis compared to the steering wheel in test SOI 3. One
possibility for this change in post-test position is the
interaction with the occupant in the driver's seat during the
crash. Looking at the chest deflection measured by the
THOR, the upper right compression in test SOI 1 is 20%
higher in than the corresponding measurement in tests SOI 2
and SOI 3. A possible explanation for this difference could
be that the occupant in SOI 1 was positioned slightly farther
inboard (note that the head was 28 millimeters farther inboard
in this test), which could have resulted in more interaction
between the steering wheel rim and the upper right chest at
the point of peak forward occupant excursion. The side-view
onboard high-speed video suggests that this difference is
possible, but it is obfuscated by the deployed frontal air bag.

It is difficult to compare this current repeatability study to
previous research that has addressed the repeatability of
vehicle crash test procedures. Previous repeatability analyses
have defined a test procedure to be repeatable if the score or
rating of the vehicle does not change from test to test. Since
the SOI and Oblique procedures are part of a research
program, insufficient testing and regulatory analysis has been
carried out to determine what the rating scheme would be. In
lieu of the change-of-rating assessment method, repeatability
was quantified herein using CV and by comparing the
magnitude of test-to-test differences in the current SOI and
Oblique tests with average differences in previous full-frontal
and ODB tests. As such, this comparison is not biased by
rating schemes that may have large allowances and
nonuniform ranges for specific injury metrics. For instance,
the New Car Assessment Program (NCAP) ratings are based
on varied probability ranges (0.2 for 2 stars, 0.05 for 3 and 4
stars) which are calculated from nonlinear probability
functions [11]. As an example, three repeated tests could
have HIC5 values of 100, 300, and 500 (CV = 54%), and
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these might be deemed repeatable since the same rating
would result.

Figure 33. Post-test steering wheel position difference
between SOI 1 and SOI 3.

LIMITATIONS

The analysis of SOI and Oblique repeatability was limited
to three tests in each condition on a single vehicle model. On
the same note, although the base model was specified during
the purchase of all six vehicles used in this study, the first
vehicle in each group was configured with an automatic
transmission, while the second and third vehicles had manual
transmissions. Differences in the transmission geometry and
mass may have led to differences in the vehicle acceleration
pulses as well as intrusions into the IP and toepan. This is
most apparent in the X-axis accelerations (Figure 10) for both
test procedures, where the first vehicle in each group
demonstrates small differences in peak and shape. It should
also be noted that the three vehicles in each test mode were
not consecutively manufactured as has been the case in
previous studies. This observation suggests that had the
vehicles been equipped with identical powertrains and had
been sequentially manufactured, the repeatability in vehicle
response may have been improved.

Comparing the results from the current SOI and Oblique
tests with those from full frontal and ODB tests has several
limitations. The existing tests were not run specifically for
this study, so there was not necessarily an effort to match the
test vehicles directly (for instance, there is no guarantee that
the same wheel type was used in all test pairs), and the
amount of information available to confirm this is limited by
the quality of existing test reports. However, these were
verified to the best of the authors' ability, and tests with
known vehicle redesigns between the paired tests were
excluded. Also, the procedure used to measure intrusion,
along with the coordinate system in which it was measured,
may not have been the same for all the 60 kph ODB tests.

CONCLUSIONS

The following conclusions are based on one vehicle
model and three tests in each test condition. The results may

be different for a different make and model or if more tests
were performed.

1). The repeatability of the SOI condition, even though it
was expected to be less repeatable due to having less
involvement with the longitudinal rail of the impacted
vehicle, was not markedly lower than that of the Oblique
condition.

2). The differences that did occur in the occupant response as
measured by the THOR ATD in the driver's seat primarily
resulted from differences in structural intrusions into the
occupant compartment and from differences in deployment
times of the inflatable restraints, primarily the side curtain air
bags.

3). The repeatability of the SOI and Oblique conditions was
equivalent to the repeatability demonstrated in existing
vehicle tests in the full frontal and offset deformable barrier
crash test conditions.
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APPENDIX

APPENDIX A - BUMPER BEAM MEASUREMENTS PROCEDURE

The following is the procedure to measure the bumper beam:

a).
b).
c).

Expose the front bumper beam
Mark the both ends of the upper part of the bumper beam.

Mark the upper part of the bumper beam with four (4) equally spaced points between the end points. Point 1 shall be at the

driver side end of the bumper beam. Point 6 shall be at the passenger side end of the bumper beam.

APPENDIX B - DOOR PROFILE MEASUREMENTS PROCEDURE

The following is the procedure to measure the door profile pre and post-test (Figure 3):

a).

On the driver's door sill mark a point at the intersection of the A post and window sill (point 1). All points should be half way

between the outer and inner vehiclre door sill.

b).
c).
d).
e).

f).

g).
h).

Mark a point at the intersection of the roof rail and the B post (point 16).
Mark a point at the intersection of the B post and the door sill (point 22).
Mark a point at the intersection of the A post and the door sill (point 29).
Mark 14 evenly spaced points between points 1 and 16. (A tape measure can be used to mark these points).
Mark 5 evenly spaced points between points 16 and 22. (A tape measure can be used to mark these points).
Mark 5 evenly spaced points between points 22 and 29. (A tape measure can be used to mark these points).

Mark 3 evenly spaced points between points 29 and 1. (A tape measure can be used to mark these points).

APPENDIX C - INTERIOR POINTS MEASUREMENTS PROCEDURE

Interior intrusion: Procedure to map the 4 by 5 matrix toepan and floorpan intrusion points Figure 4):

1.

Locate and mark point D1 (column D row 1): Project a line 45 degrees (from the horizontal) down and forward from the center

of the top accelerometer pedal in the x-z plane until the line intersects the interior of the vehicle. Mark this point by cutting a small “v”’
in the carpet and underlying padding and peeling back and exposing the floor. The carpet and padding are then refitted prior to crash.

2.
3.
4.
S.
6.
7.

ST plane: The ST plane is a y-z plane that passes through the front edge of the right seat track.
API plane: The AP1 plane is a y-z plane that passes through point D1.

AP2 plane: The AP2 plane is an x-z plane that passes through point D1.

AP3 plane: The AP3 plane is an x-y plane that passes through point D1.

MP plane: The MP plane is a y-z plane located halfway between the ST plane and AP1 plane.

CF plane: The CF plane is an x-z plane that passes through the center of the footrest. If there is no visible footrest, locate the x-z

plane to pass through a point located 64 mm measured along the MP plane in the y-direction from the intersection of the door sill and
floorboard.

8.
9.

BP plane: The BP plane is an x-z plane that passes through the center of the brake pedal.

TP plane: The TP plane is a y-z plane at the intersection of the BP plane and the intersection of the toe pan and floorboard.

10. Column A is at the intersection of the vehicle and the CF plane.

11. Column D is at the intersection of the vehicle and the AP2 plane.



12.
13.
14.
15.
16.
17.

APPENDIX D - INJURY ASSESSMENT VALUES
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Row 1 is at the intersection of the vehicle and the AP3 plane.

Row 3 is at the intersection of the vehicle and the TP plane.

Row 5 is at the intersection of the vehicle and MP plane.

Columns B and C are evenly spaced between Columns A and D.

Row 2 is evenly spaced between Row 1 and Row 3.

Row 4 is evenly spaced between Row 3 and Row 5.

Table D1. Injury Assessment Values for the THOR ATD in the driver's seat in the SOI and Oblique RMDB tests

SOl Oblique
Bod . . . 1 2 3 CvV 1 2 3 CvV
Regign Metric  Location Units  Ref. 15430,  17773] [7867] (%)  [7431] [7852] [7851] (%)
HIC15 Head CG 700 122 99 155 18 177 198 327 28
Head HIC36 Head CG 1000 228 187 254 12 331 324 358 4
BRIC Head CG 0.89 0.91 1.18 0.91 13 0.74 0.71 0.69 3
Neck Tension UNLC N 2520 1684 1602 1675 2 1406 1355 1372 2
Compression ~ UNLC N -3640 -183 -134 -163 13 -605 -573 -507 7
Deflection UL mm 63 20.4 14.9 15.9 14 13.7 12.8 14.1 4
Deflection UR mm 63 35.2 28.3 28.7 10 32.9 25.7 30.3 10
Chest Deerct!on LL mm 63 11.0 9.9 12.5 10 11.3 10.4 8.3 13
Deflection LR mm 63 40.0 38.1 42.4 4 421 35.9 35.5 8
Deflection Peak mm 63 40 38 42 4 42 36 36 8
3ms Clip G 60 34.7 37.3 41.0 7 34.8 36.5 43.2 9
Abdomen Deflection Peak mm 90 53.0 51.8 41.7 10 52.3 52.4 35.7 17
Acetabiuliim Force (Res.) Left N 3316 1853 2284 2455 12 2866 2499 3069 8
Force (Res.) Right N 3316 2075 2039 2101 1 1972 2176 2394 8
Formitr Force (Axial) Left N 9040 -2866 -3171 -2827 5 -2950 -2373 -2000 16
Force (Axial) Right N 9040 -3523 -3410 -4150 9 -2932 -3669 -2494 16
Tibia Tibia Index LU 1.16 0.46 0.63 0.77 21 0.46 1.17 0.77 36
Tibia Tibia Index RU 1.16 0.59 0.52 0.60 6 0.50 0.65 0.72 15
Tibia Tibia Index LL 1.16 0.66 0.52 0.47 14 0.33 0.50 0.43 17
Tibia Tibia Index RL 1.16 0.87 0.68 0.94 13 0.62 0.55 0.36 21
Tibia Tibia Index Max 1.16 0.87 0.68 0.94 13 0.62 1.17 0.77 27
Ankle [in/e]version Left deg 35 27.5 30.5 37.3 13 30.1 38.5 32.6 10
Ankle [in/e]version Right deg 35 IM 36.5 38.6 3 38.7 25.4 33.0 17
Ankle [p/d]flexion Left deg 35 32.0 30.5 34.9 6 46.2 471 48.6 2
Ankle [p/dIflexion Right deg 35 IM 19.5 21.1 4 26.7 23.5 24.1 6
Ankle Rotation Max deg 35 32.0 36.5 38.6 8 46.2 471 48.6 2
Belt Lap Belt Max N NA 5435 3939 4486 13 3202 4020 3992 10
Shoulder Belt Max N NA 3430 3253 3388 2 3500 3039 3229 6
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Table D2. Comparison of occupant response metrics between repeated Full Frontal, ODB, SOI, and Oblique tests.

Full Frontal oDB SOl Oblique
Body Avg Avg Max Max
Region Metric Location Units Ref. Max Diff Max Diff Max Diff Max Diff
Head HIC15 Head CG 700 619 51 1324 252 155 56 327 150
HIC36 Head CG 1000 908 84 1920 388 254 67 358 35
Neck Tension UNLC N 2520 2388 155 3717 789 1684 82 1406 50
Compression UNLC N -3640 1340 243 1556 224 183 49 605 98
Chest Deflection Peak mm 63 46 4 36 7 42 4 43 7
es 3ms Clip 9 60 650 2 491 56 41 6 43 8
Pelvis Acceleration Peak g NA 96 6 68 14 55 34 61 11
Femur Force (Axial) Left N 9040 7292 695 7266 930 3171 344 2950 949
u Force (Axial) Right N 9040 6692 954 4939 303 4150 740 3669 1175
Tibia Tibia Index LU 1.16 0.83 0.27 2.23 0.27 0.77 0.31 1.17 0.71
Tibia Tibia Index RU 1.16 1.79 0.45 1.17 0.25 0.60 0.08 0.72 0.22
Tibia Tibia Index LL 1.16 0.75 0.24 1.93 0.49 0.66 0.18 0.50 0.17
Tibia Tibia Index RL 1.16 1.98 0.50 1.27 0.47 0.94 0.26 0.62 0.26
Belt Lap Belt Max N NA 9502 2088 5187 1227 5435 1496 4020 818
Shoulder Belt Max N NA 15575 2355 7967 1639 3430 177 3500 460
APPENDIX E - 56 KPH FULL FRONTAL CRASH TESTS
The following table shows the 56 kph full frontal crash tests used for analysis.
NHTSA Test
Number MAKED MODELD YEAR
4244|CHEVROLET TRAILBLAZER 2002
5036{CHEVROLET TRAILBLAZER 2002
5061|DODGE RAM 2002
4240(DODGE RAM1500 2002
5073|TOYOTA TUNDRA 2002
3915|TOYOTA TUNDRA 2002
5711|CHEVROLET SILVERADO 2003
4472|CHEVROLET SILVERADO 2003
5273|HONDA ODYSSEY 2005
5714|HONDA ODYSSEY 2005
5160{TOYOTA COROLLA 2005
5388|TOYOTA COROLLA 2005
6258|CADILLAC CTS 2008
6271|CADILLAC CTS 2008
6724 HONDA INSIGHT 2010
6729|HONDA INSIGHT 2010
6759|HYUNDAI GENESIS 2010
6764|HYUNDAI GENESIS 2010
6736|KIA FORTE 2010
6753(KIA FORTE 2010
6766(KIA FORTE 2010
6641(KIA SOUL 2010
6655|KIA SOUL 2010
6642 |LEXUS RX350 2010
6643|LEXUS RX350 2010
6647|MAZDA MAZDA3 2010
6658 MAZDA MAZDA3 2010
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APPENDIX F - 60 KPH 40 PERCENT OFFSET FIXED DEFORMABLE BARRIER
TESTS

60 kph 40 Percent Overlap Fixed Deformable Barrier: The following table shows the 60 kph 40 Percent Overlap Fixed
Deformable Barrier crash tests used for analysis.

NHTSA

Test

Number |MAKED MODELD YEAR
2675|FORD TAURUS 1996
2677|FORD TAURUS 1996
2665(TOYOTA CAMRY 1996
3664|TOYOTA CAMRY 1996
2678|TOYOTA CAMRY 1996
3459|TOYOTA CAMRY 1996
2963|CHEVROLET VENTURE 1998
2902|CHEVROLET VENTURE 1998
2964|DODGE NEON 1998
3667|DODGE NEON 1998
2897|DODGE NEON 1998
3466|DODGE NEON 1998
2912|FORD CONTOUR 1998
2906|FORD CONTOUR 1998
3442|CHEVROLET TAHOE 2000
3855|CHEVROLET TAHOE 2000
3666|NISSAN ALTIMA 2000
3909|NISSAN ALTIMA 2000
3849|NISSAN QUEST 2000
3856|NISSAN QUEST 2000
3854|NISSAN QUEST 2000
3857|NISSAN QUEST 2000
3665|SUBARU LEGACY 2000
3907|SUBARU LEGACY 2000
4440|NISSAN ALTIMA 2002
4461|NISSAN ALTIMA 2002
4724|NISSAN ALTIMA 2002
4725|NISSAN ALTIMA 2002
4797|NISSAN ALTIMA 2002




