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Background

* The Flexible Pedestrian Legform Impactor GT Alpha
(Flex-GTa) was developed in March 2006.

* Flex-GTa obtained a modified knee bending limit and
also other modified specifications compared with those of
Flex-G.

 Especially for the modifications on the specifications
have brought a better injury assessment ability to Flex-
GTa.

* This presentation explains the evaluation activities
concerning the injury assessment ability of Flex-GTa.




Evaluation Activities
(Part 1)

Comparison of Flex-GTa, Flex-G,
and the Human FE Model
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Test Conditions

Sedan 1

(2004 year model) § == Impact speed: 11.1 m/s

Impact location: Car Center




Simulation Conditions

Sedan 1
(2001 year model)

/

Front shape is
slightly different
from that of the
2004 year model.

Car impact speed :11.1 m/s
Pedestrian position : car center
Pedestrian leg statue: gate stance
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Knee height is slightly
lower than that of
Flex-PLI (520).




Comparison

Flex-GTa

Human
FE model

Flex-G bending is the severest of the three.




TeSt ReS u |tS Flex-GTa outputs are moderate as

compared with those of Flex-G
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Discussions on Part 1
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Discussions on Part 1, c

» Besides, Flex-GTa has
slightly softer bending
stiffness of long bone parts,
and slightly greater bending
stiffness of knee as
compared with those of Flex-
G.

These bending stiffness
enables Flex-GTa to give
impact phenomena
comparable with those of the
human FE model.

Flex-GTa

700

600 H

Flex-GTa
500
* Ivarson et al

500

450 [
400 [

350
g 300
£ 250
S 200
150
100

Nt.

PMHS corridor (upper, )
PMHS corri

ya

vy

S

80
Deflection (mm)
rrrrrrrrrrrr (upper)*
rrrrrrrrrrrr (lower)*
lor (avg.)*
—Flex
— Fiexora N_4
LLLLLLLLL / }
/ 7
(2004)
(2003)
12 13 14 17 18 223 627
AAAAA (deg.)
rrrrrrrrrrrr (upper)*
dor (lower)
r (avg.)*
——Flex-
— Flex-GTa
Ivarson ( ) / /
_.g:"/-
0 10 20 30 40 50 60 70 80

Deflection (mm)



Discussions on Part 1, cont.

* The conditions of human FE
model simulation, however,
is slightly different from the
those of Flex-GTa test.

» Therefore, additional
evaluations are necessary
for finalization of Flex-GT
specifications.

Sedan 1
(2001 year model)
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Conclusions on Part 1

e In this study, the impact phenomena of Flex-G, Flex-
GTa, and the human FE model were compared.

* The impact phenomenon of Flex-G is the severest of
the three, whereas, the impact phenomena of Flex-GTa
and the human FE model were comparable.

* The results indicated that 1) the use of lighter materials
for long bones, 2) slightly softer bending stiffness for
long bones, and 3) slightly greater bending stiffness for
knee enables Flex-GTa to give an impact phenomenon
comparable with that of the human FE model.

* The conditions of human FE model simulation, however,
IS slightly different from the those of Flex-GTa test,
therefore, additional evaluations are necessary.




Evaluation Activities
(Part 2)

Reconstruction Test on
the PMHS Test Using Flex-GTa




PMHS Test Data

PMHS test conditions and results

Car information

Pedestrian information

Car Test No. I;?)ZZ? Gender Age H; W, Lower extrimity injury
(m/s) (year) (cm) (kg) Thigh Knee Leg
C1 T3 8.9 Male 48 170 62 - - FX (fibula and tibia)
T4 8.9 Male 58 185 85 - - FX (fibula and tibia)
C3 Y1l 8.3 Male 70 167 68 - - FX (fibula and tibia)

C1: Ishikawa et al. (1993), C3: Schroeder et al. (2000)
H+: Total body height, W5: Total body weight, FX: Fracture



est Conditions

Reconstruction test conditions on PMHS tests

Car Impact speed Impactor Impact location (mm) *

(m/s) horizontal vertical (Hxg**)
Cl 8.9 Flex-GTa R 200 537
C3 8.3 Flex-GTa R 200 bumper center height

* Estimated from literature(C1: Ishikawa (1993), C3: Schroeder (2000)).
** Hy: Knee height relative to car.

Car: C1 Car: C3



‘entative Thresholds

Tentative Thresholds for Flex-GTa

50% injury risk level for 50

Body regions percentile American male References
(tentative)
Leg (Tibia) BM (312 - 350 Nm) BM (312 Nm): Kerrigan et al., 2004

BM (350 Nm): INF GR/PS/82

BA (18 deg).: Ivarsson et al., 2004

Knee  (MCL) EL (19.5-21.6 mm) BA (20 deg).: INF GR/PS/82
(ACL, PCL) EL (11.2 mm)*** SD (10 mm): IHRA/PS/309
Thigh (Femur) BM (372-447 Nm) BM (372 - 447 Nm): Kerrigan et al., 2004

BM (390 - 395 Nm): Kennedy et al., 2004

* BM: Bending moment, EL: Elongation, BA: Bending angle, SD: Shearing displacement.

** Estimated values for Flex-GTa from BA (18-20 deg.).
*** Estimated values for Flex-GTa from SD (10 mm).



Reconstruction Test Results (Car: C1)

Flex-GTa

— =~ 50% injury risk level for 50 percentile American male (tentative)
: Thigh (femur), Knee (MCL, ACL, PCL), Leg (tibia)
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Car information Pedestrian information
Car Test No. Ig;[;e;cdt Gender Age H; Wy Lower extremity injury
(m/s) (year) (cm) (kg) Thigh Knee Leg
C1 T3 8.9 Male 48 170 62 - - FX (fibula and tibia)
T4 8.9 Male 58 185 85 - - FX (fibula and tibia)

(mm)

C1: Ishikawa et al. (1993)
Hr: Total body height, W Total body weight, FX: Fracture

» Flex-GTa recorded a high bending
moment (over tibia fracture level) on its
leg at around 5 ms.
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Reconstruction Test Results (Car: C3)

Flex-GTa
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Car Information Pedestrian Information

Impact

Car Test No. speed Gender Age Hy Wr Lower extremity injury
(m/s) (year) (cm) (kg) Thigh Knee Leg
C3 Y1 8.3 Male 70 167 68 - - FX (fibula and tibia)

C3: Schroeder et al. (2000)
Hr: Total body height, W Total body weight, FX: Fracture

» Flex-GTa recorded a high loading
(over/close threshold level) on its leg,
knee, and thigh at around 20 ms.
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Discussion and Conclusions on Part 2

e In this study, a reconstruction test on PMHS tests
was conducted.
* It has a possiblility that the Flex-GTa has good
Injury assessment ability on PMHS tests.
 However, 1) cannot change length, mass and
pending stiffness of impactor for each test,
pesides, 2) cannot know strength of each
pedestrian leg and knee, therefore, it has a high
Imitation on this evaluation methodology.




Evaluation Activities
(Part 3)

Reconstruction Test on
Car-Pedestrian Traffic Accidents

Using Flex-GTa




Car-Pedestrian Traffic Accident Data

Car and Pedestrian Information

Car information Pedestrian information
Car No. Model Impact Braking Gender Age Hr W+ Lower extremity injury
year speed
(km/h) (year) (cm) (kg) Thigh Knee Leg
Car2 1997 30 Activated Male 79 150 45  FX (femur**) - FX (tibia*)
Car3 1994 25 Activated Male 76 170 48 - - FX (tibia*)

H+: Total body height, W +: Total body weight, FX: Fracture,
* First contact side of lower extremity, ** Secondary contact side of lower extremity.

Car 3



Estimation of the Car-Pedestrian Impact
Location Especially for Impact Height

Estimated results

Car Information

Pedestrian Information

Statistical data

Estimated knee height

Normalization

Base Estimation
Car No. Model - Impact Breaking L Gender Age Hr Wy Hrag SDyr Heawy SDuk Ziur Zik Hy Hie
year  speed (Hkg + BHD + Hgg)
(m/s) (mm) (year) (mm) (kg) (mm) (mm) (mm) (mm) (mm) (mm)
Car2 1997 8.3 activated 1941 Male 79 1500 45 1586 57 404 24 -151 -151 368 439
Car3 1994 6.9 activated 1379 Male 76 1700 48 1586 57 404 24 2.00 2.00 452 510

L: Horizontal length from C.G. to car front end, Hr: Total body height, W: Total body weight, Hr-avg.: Average of total body height, SDHT: Standard deviation of total body height,

Hk-avg.: Average of knee height, SDHk: Standard deviation of knee height, Z+t: Normalized total body height, Znk: Normalized knee height, Hx: Knee height,

Hkr: Knee height relative to car, BHD: Bumper height difference by breaking (BHD = L x tan (?), ? = 1.365 degrees), Hss: Shoe sole height (assumed as 25 mm).

Knee height related to car is estimated.
(Considered individual pedestrian knee height, car braking effect, and shoe sole height)

EEEELTH

ground level

shoe sole
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Estimation of the Car-Pedestrian Impact
Location Especially for Impact Height (cont.)

Estimation method (pedestrian knee height)

ZH — HT - HT—Ang
T SDHT

ZH =HK_HK—Avg.
K SDH

Z, =Zy (assumption)

H H
T H = Hi ag *+Zu, %Dy,
a) Distribution of total body height. ) o
¢) Knee height estimation.

Z, : Normalized total bodyheight

H, :Total bodyheight

H_ Ay - Averageof total bodyheight

D, : Standarddeviationof total bodyheight
Z,  :Normalized kneeheight

H.,s :Kneeheight

Hy _ av. - Averageof kneeheight

D, :Sandarddeviationof kneeheight

fin

HK HK-Avg.
b) Distribution of knee height.

Reference: Matsui. Y., New injury reference values determined for
TRL legform impactor from accident reconstruction test, [IJCrash 2003.



Estimation of the Car-Pedestrian Impact
Location Especially for Impact Height (cont.)

Estimation method (braking effect)

BHD

/ BH, | BHo

B

Center of gravity (C.G.) Ground level

BHD =BH, - BH, =L xan(q)

BHD : Bumper heightdifferenceby braking

BH, : Bumper height(original)

BH : Bumper heightunder braking

L  :Horizontal length fromC.G.tocar frontend

g :Car pitchingangleby braking(around1.365deg.)

Reference: Matsui. Y., New injury reference values determined for TRL
legform impactor from accident reconstruction test, 1JCrash 2003.



Estimated Test Conditions

Accident Reconstruction Test conditions

Car Impact speed Impactor Impact location (mm) *
(m/s) horizontal vertical (Hgg™)
Car 2 8.3 Flex-GTa L 100 439
Car 3 6.9 Flex-GTa L 410 510

* Estimated from literature(ITARDA 2001, 2004).
** H,x: Knee height relative to car.

Car 3



‘entative Thresholds

Tentative Thresholds for Flex-GTa

50% injury risk level for 50

Body regions percentile American male References
(tentative)
Leg (Tibia) BM (312 - 350 Nm) BM (312 Nm): Kerrigan et al., 2004

BM (350 Nm): INF GR/PS/82

BA (18 deg).: Ivarsson et al., 2004

Knee  (MCL) EL (19.5-21.6 mm) BA (20 deg).: INF GR/PS/82
(ACL, PCL) EL (11.2 mm)*** SD (10 mm): IHRA/PS/309
Thigh (Femur) BM (372-447 Nm) BM (372 - 447 Nm): Kerrigan et al., 2004

BM (390 - 395 Nm): Kennedy et al., 2004

* BM: Bending moment, EL: Elongation, BA: Bending angle, SD: Shearing displacement.

** Estimated values for Flex-GTa from BA (18-20 deg.).
*** Estimated values for Flex-GTa from SD (10 mm).



Reconstruction Test Results (Car: Car2)

Flex-GTa

Oms 8ms 16ms 24ms 32ms 40ms
Car information Pedestrian information
Car No. Model  Impact Braking Gender Age Hy W+ Lower extremity injury
year speed
(km/h) (year) (cm) (kg) Thigh Knee Leg
Car2 1997 30 Activated Male 79 150 45 FEX (femur**) - FX (tibia*)

H:: Total body height, W Total body weight, FX: Fracture,
* First contact side of lower extremity, ** Secondary contact side of lower extremity.

» Flex-GTa recorded a high bending
moment (close to thigh fracture level) on
its thigh at around 20 ms.

* Flex-GTa also recorded a high bending
moment (close to leg fracture level) on its
leg at around 30 ms.
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Reconstruction Test Results (Car: Car3)
Flex-GTa

—— = 50% injury risk level for 50 percentile American male (tentative)
. Thigh (femur). Knee (MCL. ACL. PCL). Leqg (tibia)
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Discussion and Conclusions on Part 3

e In this study, a reconstruction test on car-pedestrian
traffic accidents was conducted.

o [t has a possiblility that the Flex-GTa has good injury
assessment ablility on car-pedestrian traffic
accidents.

 However, 1) cannot change length, mass and
bending stiffness of impactor for each test, besides,
2) cannot know strength of each pedestrian leg and
knee, therefore, it has a high limitation on this
evaluation methodology.




Conclusions

e In this study, evaluations were conducted on the
Injury assessment ability of Flex-GTa comparing with
human FE model.

* Flex-GTa indicated an injury assessment ability
comparable with the human FE model.

* The conditions of human FE model simulation,
however, is slightly different from the those of Flex-
GTa test, therefore, additional evaluations are
necessary.




Conclusions, cont.

 [n addition, in this study, evaluations were
conducted on the injury assessment ability of Flex-
GTa by conducting reconstruction tests of PMHS
testing and of car-pedestrian accidents.

* Flex-GTa also indicated a possibility to have good
Injury assessment ability in the reconstruction tests
of PMHS testing and of car-pedestrian accidents,

nowever, the evaluation methodologies had high

iImitations.

* |t Is because, 1) cannot change length, mass and

pending stiffness of impactor for each test, besides,

2) cannot know strength of each pedestrian leg and
knee.




Conclusions, cont.

* Therefore, it iIs recommended that the comparison
with human FE model should be main evaluation
methodology, and the reconstruction tests of PMHS
testing and of car-pedestrian accidents should be
subsidiary evaluation methodologies.




Current ldea of Human FE Model Implementation

(1) Perform comparison CAE, using a simplified vehicle model.

A simple vehicle model is developed as a support rig having

d | sonnet a plate on each of the bonnet, bumper and bumper-lower
.' sections.

.-:~.:.' Bumper - Let the human FE model and Flex-PL1 FE modél crash

o L umper LWR - into therig, and comparetheir behaviorsand injury

values.

Human FE model Flex-PLI FE model

Modify the impactor specifications according to the CAE results.

(2) Perform a vehicle crash CAE, applying the modified impactor specifications from (1).

_ 1 ‘ |:> Confirm the validity of the above modification.
' Besides, adopt the above CAE impactor

modifications into the actual impactor, and
perform a car test to confirm CAE validity.

Human FE model Modified Flex-PLI FE model



Action Plan

May ‘06 June ‘06 ‘ July ‘06

‘ Aug. ‘06

Sep. ‘06 ‘

Final evaluation analysis

will be conducted using
computer simulation Develop
models, to finalize Flex- Flex-GT 1.0
GT specifications.

g1 R
E _| Bonnet
Bumper
{ “—| Bumper LWR
Human FE model Flex-PLI FE model

Human FE model Modified Flex-PLI FE model

Evaluation test
Flex-GT 1.0

4th Flex-TEG MT
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Release
Flex-GT 1.0



Thank you for your attention!
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