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1. Biofidelity

4 Component Level
* Leg/Thigh bending stiffness
> Within the human corridor (TEG-021)
 Knee bending stiffness
> Much closer to the human corridor compared
to that of the EEVC PLI (TEG-021)




1. Biofidelity, contd.

€ Full Assembly Level
« Evaluated by Accident Reconstruction Tests
> Showed possibility of good injury assessment
ability of Flex-PLI. (TEG-022)
e Evaluated by using Human and Flex-PLI FE Model
» Good correlation between Human and Flex-PLI
(extended rubber spec.) was observed
regarding Tibia bending moment and MCL
elongation outputs. (TEG-096)
> + 50 mm higher impact height to a car,
compared to human one, was selected by
compensating for the lack of the human upper
body part in the specification of Flex-PLlI.
(TEG-032)
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2. Performance/lnjury Criteria

€ Discussions
* Detailed discussions were made in the Flex-TEG.
(TEG-035, TEG-048, TEG-076, TEG-077, TEG-078,
TEG-084, TEG-095, TEG-097, TEG-098, TEG-127,
TEG-128, TEG-129, TEG-130)
€ Conclusions of Flex-TEG
 Finally, Flex-TEG made conclusions as follows
(TEG-127):
> Tibia: 340 Nm
> MCL: 22 mm
> ACL/PCL: seek guidance to GRSP
Besides, Flex-TEG proposed to do not use rebound
phase test data for car evaluation (TEG-130)




2. Performance/lnjury Criteria

€ information: GRSP proposais
» After the GRSP discussions, following values ware
proposed:
> Tibia: 340 Nm, 380 Nm (relaxation zone)
> MCL: 22 mm
» ACL/PCL: 13 mm
> Does not use rebound phase test data
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3. Benefit

€ Estimations
e Lower limb protection level provided by Flex-PLI
was estimated by JAMA-JARI using NHTSA method
(GRSP/2006/7). (TEG-049)
€ Results
* Following number of injured person can be
decreased by introduction of Flex-PLI in U.S..
> 2,438 person (in pedestrian - passenger vehicle
(PV) accidents)
» 359 person (in pedestrian - large truck vehicle
(LTV) accidents)

10



4. Durabllity

Outline
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4. Durability

€ Evaluations
* A lot of durability tests were conducted by Flex-
TEG members in many countries. (TEG-037, TEG-
063, TEG-112, TEG-113)
€ Results
* No serious issues occurred.
* NHTSA would like to conduct additional durability
test against a car which has poor performance in
EEVC PLI test.
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5. Reproducibility and Repeatability

€ Evaluations
A numerous revaluation tests regarding
reproducibility and repeatability of Flex-PLI were
conducted by Flex-TEG members in many
countries. (TEG-021, TEG-034, TEG-036, TEG-038,
TEG-039, TEG-043, TEG-045 Rev.1, TEG-047, TEG-
051 Part1-3, TEG-063, TEG-064, TEG-071, TEG-072
Rev.1, TEG-087, TEG-089, TEG-093, TEG-094, TEG-
105, TEG-112, TEG-113)
€ Results
* Repeatability and reproducibility of Flex-PLI is
accepted by Flex-TEG members.
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6. Vehicle Countermeasures

€ Evaluations
e Various comparison tests, Flex-PLI and EEVC PLlI,
were conducted by Flex-TEG members in many

countries. (TEG-035, TEG-036, TEG-091, TEG-112,
TEG-113)

¥ Results

 The comparison results were not revealed concrete
trend between the Flex-PLI test results and EEVC
PLI test results because specifications and

measurement items are differed by Flex-PLI and
EEVC PLI.
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Thank you for your attention!
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Appendix

Summary, results and important slides from all of the
past Flex-TEG documents relevant to the agenda items
of the IG PS2

November 39, 2011
Japan
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1. Biofidelity

- List of Relevant TEG Documents -

Doc. # | Affiliation | Version Summary
- Dynamic 3-point bending test of the thigh and leg of Flex-GT
- Dynamic knee bending test of the knee of Flex-GT
- Comparison with human response corridors
TEG-021 JIARI Flex-GT | Results
-Flex-GT thigh and leg bending responses fell within human
response corridors
-Flex-GT knee bending stiffness was higher than human
response corridor but lower than that of TRL-LFI
- Kinematics comparison between Flex-G, Flex-GT and human FE
model
- Reconstruction test of 2 full-scale PMHS tests using Flex-GT
- Reconstruction test of 2 car-pedestrian accidents using Flex-GT
TEG-022 JIARI Flex-GT | Results

-Flex-GT knee response was closer to that of human
compared to Flex-G

-Reconstruction of both PMHS tests and pedestrian accidents
showed a possibility that Flex-GT has a good injury
assessment capability

21



1. Biofidelity

- List of Relevant TEG Documents -

Doc. #

Affiliation

Version

Summary

TEG-032

JAMA-JARI

Flex-GT

- Correlation study using a human FE model and a Flex-GT FE
model

Results

-Impactor height of 75 mm provided best correlation by
compensating for the lack of the upper body

TEG-096

JAMA-JARI

Flex-GTR

- Development of Flex-GTR FE model

- Analysis of injury measure correlations between human and Flex-
GTR models

Results

-Human-Flex-GTR correlation using 18 simplified vehicle
models resulted in correlation coefficient of 0.90 for tibia and
0.55 for MCL

- Extended rubber yielded better tibia correlation
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TEG-021 -

Long Bones
Bending characteristics (Thigh)

Flex-G and Flex-GTa

700

PMHS corridor (upper)*

PMHS comidor (lower)* Rum (67.8 kg, r= 25 mm, h= 45-50mm)
600 H PMHS comidor (avg.)*

Flex-G
500 H Flex-GTa

* lvarson et al. (2004)

E 300 ' o’
= . //
200 ,

0 10 20 30 40 50 60 70 80 Support length !

Deflection (mm) (Flex-G and Flex-GTe: 400 mm)
(PMHS test: 404.1 mm)

Flex-GTa (Thigh) has slightly smaller bending
stiffness than that of Flex-G.

— The difference gives Flex-GTua a better injury assessment ability than
that of Flex-G.



TEG-021

Long Bones

Bending characteristics (Leq)

Flex-G and Flex-GTa

500
PMHS comidor (upper)”
450 H PMHS comidor (lower)* AU (675 B
PMHS corridor {avg.)* (67.8 kg, r= 25 mm, h= 35-50mm)
400 n Flex-G
— e T 0

30 = ivarson et al. (2004) / /
300

250

200 / /

150 //

100
50 —‘/

Moment (Nm)

0 T | Support length I
0 20 3 40 50 60 70 80 (Flex-G and Flex-GTo: 330 mm)
Deflection (mm) (PMHS test: 334.4 mm)

Flex-GTa (Leg) has slightly smaller bending
stiffness than that of Flex-G.

— The difference gives Flex-GTa a better injury assessment ability than
that of Flex-G.



TEG-021

Knee

Bending characteristics (Knee)

Flex-G, Flex-GTe, and TRL-LF|| | 'Mmproved knee

Mament (Nm)

700

600

500

bending limit (+30%)

PMHS comidor (upper)*
PMHS comridor (lower)* i /
- PMHS cormidor {avg.)*
Flex-G

—Flex-GTo
- % TRL-LFI**

* lvarson et al. (2004)
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[ h: drop height
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** Bhalla et al. (2003)
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Angle (deg.)

Support length
(Flex-G and Flex-GTo: 400 mm)

Flex-GTa (Knee) has slightly greater bending
stiffness than that of Flex-G
(but not stiffer than that of TRL-LFI).

— The difference gives Flex-GTa a better injury assessment ability than

that of Flex-G.
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Comparison

Flex-GTa

Human
FE model

TEG-022

Flex-G bending is the severest of the three.
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TEG-022
PMHS Test Data

PMHS test conditions and results

Car information Pedestrian information
Car  Test No. "“‘;Z‘;t Gender Age Hr Wi Lower extrimity injury
(m/s) (year) (cm) (kg) Thigh Knee Leg
C1 T3 89 Male 48 170 62 - - FX {fibula and tibia)
T4 8.9 Male 58 185 85 - - FX (fibula and tibia)
C3 Yl 83 Male 70 167 68 - - FX (fibula and tibia)

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

Test Conditions

Reconstruction test conditions on PMHS tests

Car: C1 Car: C3
Car  Impact speed Impactor Impact location (mm) *
(m/s) horizontal vertical (Hgg™™)
C1 8.9 Flex-GTu R 200 537
C3 8.3 Flex-GTu R 200 bumper center height

* Estimated from literature(C1: Ishikawa (1993), C3: Schroeder (2000)).
** Hy: Knee height relative to car.
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TEG-022

Reconstruction Test Results (Car: C1)
Flex-GTu

50% injury risk level for 50 percentile American male (tentative)
Thigh (femur), Knee (MCL, ACL, PCL), Leg (tibia)

{Nm)

(Nm) {Nm)
i gk Beoaun bheoaw

(mm)

d' Gender Age Hr Wi Lower extramity injury

(mfs) (year) (om) (kg) Thigh Knee Leg
c1 T3 eg Male 43 170 82 - FX(fibula and tibia)
T4 89 Male 58 185 85 - FX(fibula and tibia)

1 Ishikawa et al. (1883
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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(Nm)

Moment  Moment Moment  Moment Elongation Elongation Mement  Moment  Moment
{mm)
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Reconstruction Test Results (Car: C3)
Flex-GTu

50% injury risk level for SO percentile American male (tentative)
 Thigh (femur), Knee (MCL, ACL, PCL), Leg (fibia)

(hm)

Moment Moment  Moment
(Nm)

(Nm)

Gar Information Pedestrian Information

Car  TestMo ‘s’;p:‘; Gender Age  Hr W Lower extremity injury

(mm)

(mis) (year) icm) (kg) Thigh Knee Leg
c3 hal 8.3 Male 70 167 &8 FX (fibula and tibia)

C2: Sehroeger tal. (2000)
He: Total body height. W Total body weight, FX: Frasture

(mm)

B el ne BEE.aHD bEGnes bEE.a

(Nm)

Egﬁ

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

(Nm)

(Nm)

Moment  Moment Moment Moment Elongatien Elongation

(Nm)
o o i

* In this study, a reconstruction test on PMHS tests
was conducted.

« It has a possibility that the Flex-GTa has good
Injury assessment ability on PMHS tests.

*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.
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TEG-022

Car-Pedestrian Traffic Accident Data

Car and Pedestrian Information

Pedestrian information

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

Hy: Total body height, W +: Total body weight, FX: Fracture,
* First contact side of lower extremity, - Secondary contact side of lower exn'emity.

Estimated Test Conditions

Accident Reconstruction Test conditions Car 2 Car 3
Car Impact speed Impactor Impact location (mm) *
(m/s) horizontal vertical (Hyxg™)
Car 2 8.3 Flex-GTu L 100 439
Car 3 6.9 Flex-GTa L 410 510

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



TEG-022

Reconstruction Test Results (Car: Car2)

Flex-GTa

Car information

Modsl Impact

Car No. hecq  BreKng  Gender Age H o Wi Lower extremity injury
(kmih) {yss) (em) (kg)  Thigh Knee Leg
Car2 1007 30 Activated  Male 70 150 45 FX (femur™) - FX (fibia")

Fy: Total body height, W Totl 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

leg at around 30 ms.

moment (close to leg fracture level) on its

= 50% injury risk leve! for 50 percentile American male (tentative)
: Thigh (femur), Knee (MCL, ACL, PCL), Leg (tibia)

Moment Moment Moment Moment Elongation Elengation Moment  Moment Mement

Time (ms}

Reconstruction Test Results (Car: Car3)
Flex-GTa

I -i‘
24ms
dest

40ms

{Nm)
B8 boahm

20

{Nm)
a8

om: B & 32ms E

Z i

o

Car inform: rian information "f;

= 1

N "';d ! ‘;’:2‘ Braking Gender Age Hr W Lower extramity injury E ?g
kmih) [ysar) (em) (kg) Thigh Knes Leg g

Car3 1884 26  Activaled  Male 78 170 48 FX (tibia") =
- A

e Total body height, Vi Total body weight. FX- Fracure, E &
* First contact sige of lower extremity E g
2

» Flex-GTa recorded high bending
moment (close to leg fracture level) on
its leg at 10 to 15 ms.

{Nm)

(Nm)
BRI BoEhGY .BHREH ALY

(Nm)

Moment Moment Moment Moment Elongation Elengation Moment  Moment  Moment

{Nm)

o
s |
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Discussion and Conclusions on Part 3

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

* It has a possibility that the Flex-GTa has good injury
assessment ability 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.
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Computer simulation models

Simplified Car Model Parameters

Parameter Unit Level1 Level2 Level3
K1 (BLE stifiness) mm 04

K2 (BP stifiness™) JC™ 07 038 1.0

Impact Speed: 11.1 m/s

K3 (SP stiffness”) JC™ 08 038 1.0 2000 ;
H1 (BLE height) mm 650 700 750 Human Model :
H2 (BP height) mm 450 490 530 1800 | !
H3 (SP height) mm 250 270 350
L1 (BLE lead) mm 125 200 275 1600 | !
L2 (SP lead) mm -20 0 30 H
* Stiffness is changed by steel plate thickness. 1400 | H
** Stiffness is changed by joint charactenstcs. :
*** JC: Joint characteristics = 1200 b Flex-GT- i
= 1200 | | £ prototype :
= ; = om b Model :Slmpllﬁed
£ ' £ i Car
] 1000 | S a0 b models
£ .
2 el 600 |
””””” 00 |
600 E
______ 200 |
400 |, P A - N
B -1600 -1200 -200 400 0 400
200 | H2 . PBLE. Bonnet leading edge Horizontal (mm) Hy: Impact height
3 EE: z”p';"l"’;' As for the Flex-GT-prototype model, Impact height
0 ! ! : (H)) base + 50 mm and base + 75 mm is also

-400 -200 0 200 400 600 800 calculated.
Horizontal (mm)

Explanation of Simplified Car Model

Over view— oblique front projection drawing

BLE elements

BP elements

SP elements

BLE: Bonnet leading edge
BPF: Bumper
SP: Spoiler

Specifications of the simplified car models (total 18 types)
Based on design of experiment method, L18 orthogonal table is utilized

Simplified Car model specifications

Simplified K1 K2 K3 H1 H2 H3 L1 L2
Car Model (BLE stiffness*) (BP stiffness**) (SP stiffness**) (BLE height) (BP height) (SP height) (BLE lead) (SP lead)
D mm JC Jo mm mm mm mm mm
S1 0.4 07 06 650 450 250 125 -20
s2 04 07 0.8 700 490 270 200 0
S3 04 07 1.0 750 530 350 275 30
54 0.4 0.8 0.6 650 490 270 275 30
S5 04 08 0.8 700 530 350 125 -20
S6 04 08 1.0 750 450 250 200 0
57 04 1.0 06 700 450 350 200 30
58 04 10 0.8 750 490 250 275 -20
59 04 10 1.0 650 530 270 125 0
510 0.6 0.7 0.6 750 530 270 200 -20
S11 06 07 0.8 650 450 350 275 0
512 06 07 1.0 700 490 250 125 30
S13 06 08 06 700 530 250 275 0
S14 06 08 0.8 750 450 270 125 30
S15 06 08 1.0 650 490 350 200 -20
816 0.6 1.0 0.6 750 490 350 125 0
S17 0. 10 0.8 650 530 250 200 30
S18 06 10 10 700 A0 70 275 =20

* Stifiness is changed by stesl plate thickness
** Sifiness is changed by joint characteristics.

" JC: Joint characteristics

# BLE: Bonnet leading edge. BF: Bumper, SP: Spoiler

Measurement points of the human model and the Flex-GT -prototype model

Human model

Knee
measurement
(MCL Elongation)

Leg
measurement
(Tibia bending

In this study, tibia bending moment moment)

of Flex-GT-prototype is estimated
from each part of bone core strain
using bone core 3 point bending
test results not using conventional
dynamic 3 point leg bending test
like before (dynamic 3 point
bending test include high inertia
force of leg then difficult obtain
appropriate conversion values).

Tibia bending moment of
human model can be
obtained directory
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Results: Relationship between the Human model and Flex-GT prototype model

Flex-GT prototype model Flex-GT prototype model Flex-GT prototype model

Tibia H base H_ base + 50 mm H, base + 75 mm
o 500 e
T e g 50
-2 _
£ 33 400 33
2= ZE_ 350 2% F 00
] EE 255
;E%Wﬂ &2 00 SE"
g FES 284
8 FER] 8= 5 300
Ee? S R )
=5 % 200 £ BE
Qﬁé EEQZW BE2
s X8 1m0 f“; 99
c3 - s a -
£ 1o ¥y =D.6776x + 67.870 g y=0.8877x- 12325 B i y=00013x - 13673
(Fima = 0.73) 0 Rese = 0.90) (R = 0.82)
o o o
0 100 200 300 400 500 o o 20 w0 swo o0 0 10 200 300 400 500 600
Human Model, Tibia Banding Moment, Max-sbs. (NT) iy - o) Tinia Bending Moment, Max-abs. (N Homan Model Tibia Bending Moment. Max.-abs - (Hm)
Knee-MCL
50 50 50
as | 45 - a5
a0 | _ a0 - - 4
3 sc B
F F 8
2 = A L i i =
g8z £ %° ) g8z 7 ;5530 .
fuE e - SEE » S8 E é
P22 7 b a4 25 Vi . B 25 A -
eg - g0 2 87 < 52 3 3 s
23 .1 Qﬁ.@' ¥ T ,‘f & #5220 %
98 [$ 9t 8 M
58 B[ s e Br 4L e 8
& = D4e57x+ 15938 & =
w0 v - wf - y= 06824 + 5.0156 10 y=0.0118x+ 20157
(Ruce = 0.40) (Ruc: = 0.88) (Ruc = 0.83)
s sr B
0 o 0

0 5 10 15 20 25 30 35 40 45 50
Human Medel, Knee MCL Elengation, Max. (mm}

0 5 10 15 20 25 30 35 40 45 50

Human Model, Knee MCL Elongation, Max. (mm)

= Tao lift up the impact height of the Flex-GT can be obtained better correlation to the
human one.

0 5 10 15 20 25 30 35 40 45 50
Human Model, Knee MCL Elongation. Max. (mm)

Upper body effect (1): Lifting up the lower limb

]
BHuman Modsl B Flex-GT-profotype Mode!
J H: base Hi: base

HI: Impact height
50

Upper body tend to stay g 3
at the initial position s «
because of its high inertia, | % =
as a result, upper body FEEX®
tend to lift up the knee Ef o _
ﬂmgglﬁg positions Impac_tc_)r Iift up motions of E? I

knee joint and leg position o

are relatively small . . l

w
51 m m oS4 B W T 58 53 SI0SN ST S13S4HE S ST 508 A

Simplified Car Model ID
a) Tibia bending moment maximum timing

120
BEHuman Model WFlex-GT-prototype Moded
HI base HI- base ‘
100
e
5.
3 %
23
I2-
(5
HiE
i I I I
s
35 Nl | I
s

a) Human model, H: base

b) Flex-GT-prototype model, H: base

Bmm o H E D W W S0 1251 58 518617 96 A
Simplified Car Model ID
b) Knee MCL elongation maximum timing

Upper body effect (2): Inhibition of thigh behavior

Upper body tend to stay
at the initial position
because of its high inertia,
as a result, the thigh
behavior is disturbed.

The thigh can move easily
enmpare to the human one,
as a results, tend to generate
large bending angle at the
knee joint position.

c) Flex-GT-prototype model, H: base +75mm

Thigh angle
46.4°

Thigh angle
Nnzr

Leg angle
29.6°

Leg angle

10.7° Legn angle
8.6

—

511 (30 ms) In order to sift up the
impact height, leg rotation
Is facilitated, as a resuits,
the knee bending angle can
be comparable to the
human one.

S11 (30 ms) S11 (30 ms)

a) Human model, H;: base b) Flex-GT-protatype model, H: base

Upper body effect (2): Angle of the thigh, leg, and knee (S11, example)

Flex-GT-prototype Model
H: base

511 Human Model Flex-GT-protof Model

H: base + 75 mm

Thigh angle
46.4°

Thigh I
31%: angle Thigh angle
’ 48.5°

Leg angle

‘ 29.6°
I{gg Tgngle Leg angle -
8.6
511 (30 ms) 511 (30 ms) 511 (30 ms)
—+— Thigh angle
= Leg angle
== Knee angle (Thigh angle - Leg angle)
100 100 100 .
Human mode! 50 Flex-GT prototype model Flex-GT prototype model il
80 3 pase H 0 Hr- base 1 ] \28 H: base + 75mm 1 =t
5 & : P i i e
| = -
40 40 40 T
§ 20 % 20 i— N % 20 Ag’
= > 0 ‘/ _ﬂ -\l\ g 0 =
z 0 = ; < S e - : .
20 T -20 ! | kneeangleis -20 knee angle is
g | Knee angle of 40 ! bigger than the -40 to the
5p | Ketmsoic] | . ! 60 .| human one 50 . L human one
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 &0
Time (ms) Time (ms) Time (ms)




TEG-096

Flex-GTR-prototype and Developed FE model

(Overview)

Flex-GTR-prototype

Femur <
(Flexible)

Knee
(Ligament
restraint
system)

Tibia
(Flexible) 3

N

)

Main body

Flesh
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FE Model
l'."
_ -
Femur J
(Flexible)
Knee ; #H
(Ligament
restraint
system) L :
~ nfha
:_Jlrl ‘;
Tba ) B i
(Flexible) 4 :
k“' ----------------
Main body Flesh




TEG-096

Tibia bone core 3-point bending validation

Test setup for Tibia bone core 3-point bending validation

Quasi static
W = 80 mmimin

transd,
F,: Force Center (N), D, Deflection Center (mm) | (Yp= KYOMWA LU-TE)

M,: Moment Center (Nm) = Fo2 (N) x 0.205 (m)

Ram
{Surface shape: r= 26 mm)
12 mm 12 mm
Knee side ot ‘t—‘ iz | Toas Toas|  [Toads i
fibia bone core [ g |
r ToA ToaA Tossa]  [moaa
=
Support Support
(focedl) mm 105 mm (fxed)
145mm | ! 185 mm
205 mm 205mm
Support Length: 410 mm
Model setup for Tibia bone core 3-point bending validation 0
Tibia bone core
Ram (rigid) 00 /
. o
H
BE 2:2] ™ /
| E 150
Suppert (rigid) Support (rigid) H 00 — Corridor center
5 e Comidor U
50 Corridor L
— Flex-GTR-prototype
‘ model M
-850
o 5 10 15 0 2%

Knee 3-point bending validation

Test setup for Knee 3-point bending validation

F.: Force Center - at Knee joint surface ()= F, (N) + F, (N)
W, Moment Center - at Knee joint surface {Nm) = F; (N} x 0.2 (m)
D,: Deflection Center (mm) Qs stalic
V=50 mmimin

Support
(rotte)

o

Support Lengi: 400 mm

Model setup for Knee 3-point bending validation

Defiection canter D (mm)

8

P

]

]

Momert centar M (N

F

=L songation (me)

o
Ram (rigid)
Support (rigi Support (rigid) “
- - =H PCL
®
£ —
g s
i, 7
— Corridor center 3,
Corridor U = —
Corridor L —
— Flex-GTR-prototype N
model * [} 4000 000 3000 4000 s000 000

Forse camie B2 040

Tibia 3-point bending validation

Test setup for Tibia 3-point bending validation

Load
(P KYOWALLHTTE) Quasi stasic
— V= 80 mmimin

F,: Force Center (N)
M,: Moment Center (Nm) = F/2 (N) x 0.205 {m)
D, Deflection Center (mm)

Heoprene

I T

~ = ~ P

Knee side
of

Support Support
(rotate) (rotate)

G e

Fu2 Fa2

S
T Tioia- 1A Tiniz2A
O

Tioiz24

34

205 mm 205mm
L Support Lengti: 410 mm n
Model setup for Tibia 3-point bending validation 260
Ram (rigid) o |TiDIA /67
Support (rigid).¢7 Support (rigid) g /
~, - F4

= 20
% 150

5 o — Commdor center -

§ Corridor U
0 Cormdor L 1
— Flex-GTR-prototype

o model M
50

0 5 1 15 2 25 20 ]

Overall validation under the Simplified Car Impact

Deflection center Dc (mm)

Test setup for Simplified car validation

— Experiment
Experiment +10%
Experiment -10%
— Flex-GTR-prototype
model
. Tibia-1 ~[Femurt Knee ACL
N ; .
P 7 A
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TEG-096

Computer simulation models

Flex-GTR-prototype models

35

Simphhed car models: 18 cars (S1.818, ESV 2007, Paper Number 07.0178)
Lower Bumpar Feference Height (LERH): 215 mm - 315 mm

2000

Impact Spead: 11,1 mia

LT ——

400

Flex-GTR prototype model

500

Tibia-Max.
— 400
8
g =
822 300 |
oy
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M
¢ & <200 | .
Th .
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- 100 - y = 0.9835x + 22 559

(Ripis = 0.78)
0 . . . .
0 100 200 300 400 500

Human Model, Tikia Bending Moment, Max.-abs.- (Nm)

Flex-GTR-prototypemodel

Impact Side

Flex-GTR-prototype
model has similar
constructions of an
actual one.

50
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i
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Flex-GTR prototype "extended rubber” model
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Flex-GTR-prototype.

Impact Side

Flex-GTR.-prototype

“extended rubber” model has
improved structure of flesh.
Rubber is extended to a Tibia
bottom end

(Based on BASUBGS proposal)

* Flex-GTR prototype
model and Flex-GTR
prototype "extended
rubber" model show a high
correlation with the human
model.

+ Correlation of Tibia-
Max.(R,;;.): Flex-GTR
prototype “"extended
rubber" model is higher
than Flex-GTR prototype
model.

+ Correlation of Knee-
MCL(Ryc ) Flex-GTR
prototype "extended
rubber" model and Flex-
GTR prototype model is
comparable.
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2. Performance/lnjury Criteria
- List of Relevant TEG Documents -
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Doc. #

Affiliation

Version

Summary

TEG-035

JAMA

Flex-GT

-Tentative injury thresholds for Flex-GT
Results

-Human tibia bending moment : 312 — 350 Nm, human knee
bending angle : 18 — 20 deg (MCL failure) for 50% injury
probability

-Converted Flex-GT tentative threshold range : 299 — 337 Nm
for tibia bending moment, 18 — 20 mm for MCL elongation

TEG-048

JAMA-JARI

Flex-GT

- Tentative injury thresholds for Flex-GT (TEG-035)
-Review of references
Results

-Reference for tibia : Kerrigan et al. (2004), Nyquist et al.
(1985)
\FYeey

-Reference for MCL : Ivarsson et al. (2004), Konosu et al.
(2001)




2. Performance/lnjury Criteria
- List of Relevant TEG Documents -

Doc. # | Affiliation | Version Summary
- Review of proposed MCL failure threshold
- Human-Flex-GTR correlation using simplified vehicle models
including high bumper vehicles
- Incorporation of muscle tone effect taken into account with the
threshold for TRL-LFI
-New proposal of 23 mm for Flex-GTR MCL elongation
Results
TEG-076 JAMA Flex-GT | . Human-Flex-GT knee response correlation analysis using FE
human, Flex-GT and simplified vehicle models including
high bumper vehicles
- The correlation function converted human MCL elongation
of 15-17 mm to 19.3-21.9 mm of Flex-GT MCL elongation
- Proposed MCL elongation threshold for Flex-GT : 23 mm
(taking into account 10% increase in knee stiffness due to
muscle tone)
- Review of proposed tibia bending moment threshold
TEG-077 | JAMA Flex-GT | Results

- Average value of proposed tibia bending moment threshold
is 318 Nm
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2. Performance/lnjury Criteria
- List of Relevant TEG Documents -
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Doc. # | Affiliation | Version Summary

-Correlation study between Flex-PLI and TRL-LFI showed no
comparible assessment of ACL/PCL protection
Results

TEG-078 BASt Flex-GT | -12.7 mm ACL/PCL elongation limit for monitoring purpose
only proposed based on one paper presenting 2 human data
- First estimation of MCL elongation limit : 18-20 mm, muscle
tone already taken into account
- Injury probability function for human tibia fracture
- Data scaling options

TEG-084 JAMA Flex-GTR | Results
- Different data scaling options resulted in the range of
bending moment of 312 — 397 Nm for 50% fracture probability
-Proposal for bending angle threshold (50% probability) of human
MCL failure
Results
- For injury timing definition options from Ivarsson et al., the

TEG-095 JAMA Flex-GTR | use of Definition B (time of maximum moment) is

recommended based on the injury distribution in the
experiment (1/8 complete MCL failure, 6/8 partial MCL failure,
1/8 no injury)

- Proposed human knee bending angle threshold: 19 deg




2. Performance/lnjury Criteria
- List of Relevant TEG Documents -
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Doc. #

Affiliation | Version Summary

TEG-097

- Proposal for Flex-GTR injury thresholds based on human
thresholds for 50% injury probability and human vs Flex-GTR
correlation analysis

Results

- Estimated human threshold for 50% injury probability: Tibia
bending moment = 361 Nm, MCL elongation = 15.9 mm

- Human - Flex-GTR correlation function developed using the
Flex-GTR FE model incorporating an extended rubber flesh

- Converted Flex-GTR thresholds for 50% injury probability:
Tibia bending moment = 380 Nm, MCL elongation =21 mm

JAMA Flex-GTR

TEG-098

- Human tibia fracture probability function using scaled data

- Conversion to Flex-GTR threshold (50% risk) using human vs
Flex-GT correlation analysis and Flex-GT vs Flex-GTR
correlation

Results

BASt Flex-GTR | . 6 data from Nyquist et al. scaled to German anthropometric
data, 10% increase of peak moment due to filtering, and
cumulative normal distriibution method, resulted in 265 Nm
for 50% probability of tibia fracture

- Converted Flex-GTR tibia bending moment threshold: 260 —
301 Nm




2. Performance/lnjury Criteria
- List of Relevant TEG Documents -

41

Doc. #

Affiliation

Version

Summary

TEG-127

Flex-TEG

Flex-GTR

-Generic trace of Flex-TEG injury criteria discussion
Results
- Different studies resulted in different threshold proposals

- As a result of Flex-TEG discussion, a consensus was
reached as to the threshold values for the Flex-GTR: Tibia
bending moment = 340 Nm, MCL elongation = 22 mm

- Seek for a guidance from GRSP as to the injury thresholds
for ACL/PCL

TEG-128

ACEA

Flex-GTR

- Example car test results (time histories of all injury measures)
Results
- In one example test, maximum PCL elongation occurred in

Il Aw W

- Proposal to ignore injury measures during and after the
rebound phase

TEG-129

ACEA

Flex-GTR

-Review of literature on ACL/PCL injury threshold
Results

- Bhalla et al.: Two tests, a likely ACL failure at 17.8mm and
12.7mm shear displacement, NOT ACL elongation

- Kajzer et al.: One ACL avulsion at 23mm shear displacement
- Teresinski et al.: ACL failure occurred after MCL rupture
- Criteria without a sufficient data base is not advisable




2. Performance/lnjury Criteria
- List of Relevant TEG Documents -
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Doc. #

Affiliation

Version

Summary

TEG-130

BASt

Flex-GTR

- Car test (1 one-box, 2 sedans, 1 SUV) and dynamic certification
test

- Correlation analysis between TRL-LFI and Flex-PLI

- Geometric analysis of correlation between Flex-PLI shear
displacement and ACL elongation

-Proposal for ACL/PCL injury thresholds

Results

- Conversion from Shear Displacement: 8 mm ACL elongation
- Conversion from MCL elongation: 10 mm ACL elongation

- Proposal: ACL =13 mm (mandatory), PCL =13 mm
(monitoring)




TEG-035

Flex-GT Tentative Threshold Values

Human value

50% injury risk level of AMS0
Body regions (tentative) References

Human value

. 1 BM (312 Nm): Kemigan et al., 2004
leg  (Tibia) BM (312 - 350 Nm) BM (350 Nm): INF GR/PS/82

10 BA (18 deg).: Ivarsson et al., 2004
Knee  (MCL) BA(18-20 deg) BA (20 deg).- INF GR/PS/52

AMS0: 50 percentile of american male
BM: Bending moment, BA- Bending angle, EL: Elongation, S0: Shearing displacemeant.

Convert: Human value >>> Flex-GT value

>
Human Human Model Flex-GT Model Flex-GT
Tibia bending moment Tibia bending moment  Tibia bending moment  Tibia bending moment
Higm HM FGTM 5, FGTay
(M) (Nm) (M) (Mm) Tentative
32 M2 299 299 *—  threshold values
350 350 337 337
assumplion: Hgy = WMz FGT yrpe= FGT gl
FGT gy = 0.9977 * HM,, - 12.325 (from reguration curve)
Human Human Model Human Model Flex-GT model Flex-GT
Knee bending angle Knee bending angle  Knee MCL elongation  Knee MCL elongation  Knee MCL elongation
Higa HMyga HMyac FGTMycL FGThe
(dea ] (deg ) (mm) {mm} (mm)
18 13 15 18 18
20 20 17 20 20
assumplion: Hiaa = Alkea FGTme =FGTue, Convert human tolerance values to the Flex-GT ones

HMyyzy = 0835 * HMg,, (from human madel output)

FGTM,o, = 0.6924 * HM,,., + 8.0156 (from reguration curve) (use correlation ratio/formula)

43



TEG-048

References (referred contents) References (referred contents)

ue Human value

| Injury Risk Curve for Mid-Leg ‘

Human

| Injury Risk Curve for Mid-Leg |

1 & ke A A A A O L3
//'/— Tibia Bending Strength and Response
0.9 / Nyquist G. W. et al, 1985 (SAE, Paper No. 851728)
0.8
/ Tibia Bending: Strength and Response
0.7 / Nyquist G. W. et al, 1985 (SAE 851728)
Age Stature Body Mass Impact Speed Direction of Peak Bending Moment
= 06 / TastNa. Oadaverila. Sex (vears) (m) () (m/s) Loading at Midspan (Nm) *
= 118 458 M 54 1.82 68 35 LM 395
g- 124 406 M 64 1.77 82 42 LM 287
s 05 126 375 M 58 1.74 73 42 LM 224
L= / 127 404 M 56 1.76 79 3.7 LM 237
o 04 / 129 395 M 57 1.78 99 3.7 LM 349
/ 132 525 M 57 1.87 45 38 LM 264 [Ave. [10%up ]
0.3 A Exact i 147 400 M 57 1.78 84 29 LM 431 3124 | 3437
/ O Censored + The peak values were altenuated by 10 % by filtering (CFC 60) procedure.
0.2 g Weibull Survival Model
— Lower 95% CI e fhas .
0.1 // — Upper 95% Cl L Proposed injury threshold for tibia bending: 350 Nm |
0= T T

100 150 200 250 300 350 400 450 500

Scaled Moment (Nm)
+ ECE/TRANS/WP 29/GRSP/INF GR PS (2004) Discussion on Injury Threshold for Pedestrian Legform Test,

- K , J.R., Drinkwater, D.C_, Kam, C.Y., Murphy, D.B., | . B.J., Crandall, J.R., Patrie, J. (2
Tglr;rg:‘airée of the rgqlnv‘:’:ne[eg and Thriréjh in Dyn:rr‘r:)icyLatero—l‘;:;’Z?gending, :aCrll{:SH 20[)4,ﬁ e ¢ INFIGR/PS/B2, P. 2. [
References (referred contents) References (referred contents)

Human value Human e

| Injury Risk Curve for Knee (Bending) ‘
RECONSIDERATION OF INJURY CRITERIA FOR PEDESTRIAN SUBSYSTEM

‘ Injury Risk Curve for Knee (Bending) ‘

100 -B- injury definition A pe LEGFORM TEST
gp | nyeeinmen® W - PROBLEMS OF RIGID LEGFORM IMPACTOR -
—= injury definition A 95% CI i Konosu A. et al, 2001 (ESV, Paper No. 263) < Obser\(ed data ]
80 1 -&- injury definition B —Injury_nsk curve (Log|st\c:MMLM)
70 |-~ injury definition B 95%|CI I — P 50% risk (fgr Ligament injury)
_;‘E" d " L. Trochanter fxation screw (4Q0N) .~ Table 0.9 Local bending angle ~-
x 60 E Iniury definition A I\ In]ury.deflnltlon B Loadoell B, - 0.8 | curve (unknown) =g’
2 5o £ 'MUNY : Maxim Moment x 07 A Gloval :
> F Acoustic [ ) 2 06 . 4 bending angle .
Sad I e o S o [B0% sk (18 dn‘?g_) corve
Bl el |- F s vy e 2 04 ;
E I I Knee fixation plate .
20+ l 0.2 [Dynamic bending tﬁ‘
- Impaci lavel 0.1 oo ‘
F = =L | 0 = &g 1
E T £rr Load cell ) v
) .M\ L L L Mot plale Accelsromelar  Spring 0 10 20 30 40
0 5 10 15 20 25 30 (Simulated oround) .
Angle (degrees) Bending angle (degree)
Proposed injury threshold Local bending angle: Exclude Long Bone Bending Angle

Global bending angle: Include Long Bone Bending Angle

+ Ivarsson, B.J., Lessley, D., Kerrigan, J.R., Bhalla, K.S., Bose, D., Crandall, J.R., Kenl, R.(2004) Dy for Knee bending: 20 deg.
Response Cormidors and Injury Thresholds of the Pedestrian Lower Extremities, Proc. Intemnational « ECE/TRANS/WP 29/GRSP/INF GR PS (2004) Discussion on Injury Threshold for Pedestrian
Conference on the Biomechanics of Impacts, pp. 179-191. Legform Test, INF/GR/PS/82, P. 2.




TEG-076

Current Proposal

| Computer Simulation Analysis |

Simplified Car Mode| (Parameters)

Parameter Unit_{eeed | _Levedd Lewid

K1 (BLE sifiness ) mm 04 06

i ar 08 10 Stiffness

Impact Speed: 11.1 mis

i
L N o Human Model
H2 (BP hesght) e

H3 (SP heght) e

L1 (BLE lead) fren

| |+ O e
n 0 v - rd
| o " 7D sp I 1600 1200 ::_VJ._ 'r:':w:I

LE
B

H,_impac Heigh

Type! = base = 25men (Human, Fiex)
Typed = base + 50 mem (Flex)
Typed = base + 100 men (Fiex)

o Lol i -
<400 -200 0 200 400 600 BOO
Hortzontal (mm)

Parameter study was carried out using simplified car models.

Effect of Muscle Tone

®| loyd and Buchanan (1996) — Muscles are
activated to support about 15% of static varus-
valgus loads. Muscular contribution increased
with increasing magnitude of VV moments

elLloyd and Buchanan (2001) — For volunteers,
average contribution to varus is 17 £ 9.7% and to
valgus is 10 = 6.3% of externally applied moment

E ——r= David G. Lloyd, Thomas S. Buchanan
Strategies of muscular support of varus
and valgus isometric loads at the
human knee

J. of Biomechanics 34 (2001) 1257-
1267

The effect of muscie toné has been addressed in Lloyd and
Buchanan (1996, 2001) from the Journal of Biomechanics

Estimation of MCL Failure Threshold

Flex vs. Human model (INCLUDING high-bumper vehicles)

£

545

c 40 |

o * [ ]

- (1] L]

® 35

> . .

530 | k)

(0] [ ]

4% [219 .

S 20 & .' e ®

© 19.3 . % *

15 | > y = 1.317x-0.4826
=10

'_

(—? -

X, , 15| 17,

- 0 5 10 15 20 25 30 35

Human Model MCL elongation (mm)

Flex-GT MCL elongation thresholds will be 19-22 mm when the correlation
obtained using the FE simulation results with simplified vehicle models
INCLUDING those representing high-bumper vehicles is used

Effect of Muscle Tone

®Flex-GT MCL elongation thresholds : 19.3-21.9
mm based on the correlation obtained using the
FE simulation results with simplified vehicle
models INCLUDING those representing high-
bumper vehicles

® Effect of muscle tone : 10% in valgus bending

®Flex-GT MCL elongation thresholds taking into
account the effect of muscle tone : 21.2-24.1 mm
(average : 22.7 mm)

Proposed Flex-PLI MCL elongation threshold : 23 mm
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TEG-077

Current Proposal

Flex-GT Tentative Threshold Values TEG-035
50% Injury risk level of AMS0
Body regions (tentative) Referances
Human Glus
| T I B 12 ) Kt . 2204 |

. mmen el

AMSD: S0 perrentie of american maie
EM: Bending moment, BA: Bending angle, EL: S0

| Convert: Human value === Flex-GT value |

e Vsl |
Human Human Model Flex-GT Madel Flex-GT

Thia bending moment_Tibia Tibia bendl Tibia moment

Hrgsa HM g FCTM gy FGT gy

(Nm) (Nm) m Tentative
am 312 23 29 threshold values
350 350 337 337 |
ikl i

PG Tuagu= 0.9577 * Higy~ 12.325 (om reguralion curve) _ _ 1

Based on the SAE paper by Nyquist et al. and the ICRASH
paper by Kerrigan et al., the threshold values ware set at 299

and 337Nm.

New Proposal

Injury threshold for Flex-PLI Tibia bending moment
(JAMA proposal): 318Nm

Average value of the two threshold values shown in
this presentation



TEG-078

ACL/PCL injury thresholds emme-w DESt

Therefore, it appears more appropriate to stick with PMHS knee shearing
results evaluated by Bhalla et al (2003) that state a tolerance of at least
12,7 mm for knee shear displacement of the 50th male, even though the
timing of injury could not be clearly identified:

Knee Shear Tests
Py —
\R““—r ﬁt 2 * 3 5 4
-500 N
o N
4000 1 i — B
. 1 T
= -1500 | <
@
£ 2000 \-"\-
e
5 2500 -
=
7]

a0 — Test2.1

3500 = L
= Test 0. ZRR

<4000 \ “"POLAR Il Knes Shear: Oynamic [

TRL Legform S heer: Dynamiz
T T T

4500
Knee Displacement, mm

Dynamic shear tests an the TAL legform and POLARI knee joint platied along with two PMHS shear tasts perfarmed by UVA}
[Source: Bhalla at al, 2003]

ACL/PCL injury thresholds I

Conclusions / Proposal:

Under the previously made observations, the following, first estimation
could be done:

Flex-GT ACL/PCL elongation upper performance limit: 12,7 mm

In a next step, a more detailed correlation study between shearing
displacement and cruciate ligament elongation could be done, using an
appropriate amount of simulations on simplified test rigs and / or real car
Tests, representing the current vehicle fleets.

Anyway, as the cruciate (ACL) ligament injuries are expected to occur in
conjunction with other (MCL) injuries, the common injury mechanisms have
to be better understood.

Therefore, and for the comparatively low relevance within real pedestrian
accidents, for the time being, a threshold of 12,7 mm ACL/PCL elongation
could be proposed as performance limit for monitoring purposes only.

Oliver Zander December 8th, 2008 Slide No. 6
MCL injury threshold memees DEEL
[ injuy dottion & a7 i
L I —
e at] Proposal for
£u =) B higher performance limit:
EE“? 18° knee bending angle
F w0 !
|:E.... AR AN S b
L] L] 10 1% e E kL
Angle (degrres)

Univariate Weibull survival models predicting the risk of knee injury (MCL injury) in
dynamic valgus banding of the S0th percentile male knee as function of bending angle
[Source: Ivarsson et al, 2004]

Questions:

« Why injury definition B (injury occurence at the time of maximum moment)
and not definition A (injury occurence at time of first peak) ?

« Why no use of the dynamic response corridor (16-20°/12,5%15°)
but just the average value?

Oliver Zander December 8th, 2008 Slide No. 8

MCL injury threshold N 2

Oliver Zander December 8th, 2008 Slide No. 11

Conclusions / Proposal:

. As starting point, the dynamic bending limit response corridor according to

injury definition B [approx 16... 20°] and the inkury risk curve by Konosu
(2001) [19,8for a 50% injury risk might be appropriate

. Those bending limits could be used (as before) as human model knee

bending angle and then be transformed accordingly into:
= human model knee MCL elongation
= Flex-GT model knee MCL elongation (= Flex-GT knee MCL EL)

Under the previously made observation

(Human knee bending angle [deg] ~ Flex-GT MCL elongation [mm])

the following ,first estimation could be done:

Flex-GT MCL elongation lower performance limit: 20 mm
Flex-GT MCL elongation upper performance limit: 16 mm

Note:

Effect of muscle tone has already been taken into account

High bumper vehicles still have to be taken into account in an appropriate,
weighted manner

Oliver Zander December 8th, 2008 Slide No. 17

a7



TEG-084 :

2. Scaling Factor used in Kerrigan et al. (2004) c

Data Scaling Procedure used by Kerrigan et al.
Data Scaling

Equation 1 shows that the stress arising in a bone (modeled as a linearly elastic beam) 1s proportional
to the moment applied and the cross sectional geometry of the bone. To provide a basis for comparing
specimen responses, it is common to assume that specimens are geometrically similar and thus can be
scaled to a reference geometry. Thus the bones in this study are scaled to a reference geometry using a
scale factor (A;=L,./L) based on the length of the bone specimen.

et

®Assume geometric similarity between the leg specimens
®Tibia bending moment was scaled using the following equations

Ap=L,/L
M. . =i'M

from Kerrigan et al. (2004)

scaled

where
L. : Reference tibia length L : Tibia length of specimen
M : Measured tibia bending moment M caieq - Scaled tibia bending moment

2. Scaling Factor used in Kerrigan et al. (2004)

Scale Factors for Option-1
Length Scale Facter Comparison

11 /\*
10 —e—Length
Scale
8 Factor
E =l Height
‘:) 09 Scale
k:d Factor
0 —d—New
Length
0.8 Scale Factor
07
06

N v ] b © o A o \d 3 2B £ " ~ 12 o N o
o o¥ o of B P A W P R G PP PP P
S I O A

TestID

Option-1 yields average scale factor identical to average
height scale factor while allowing individual variation

2. Scaling Factor used in Kerrigan et al. (2004)
Options for More Reasonable Length Scale Factor

Option 1

® Determine reference length such that the average length

scale factor coincides with the average height scale factor
Assumption: overall tibia length distribution should correlate well
with overall height distribution
Assume the same ratio of tibial plateau height to tibia length as that
used by Kerrigan et al. (1.22)
Reference tibia length (for scaling Kerrigan data) : 397.4 cm
Reference tibial plateau height (for scaling Nyquist data) : 483.5 cm

Option 2
® Use unscaled data

Average height of the specimens (176.6 cm) is close to 50t
percentile

Reanalyze injury risk curves using the same statistical

procedures as those used by Kerrigan et al. under these two
options

2. Scaling Factor used in Kerrigan et al. (2004)

Injury Risk Curves for QOriginal, Option-1 and Option-2 Datasets

Risk Curves for Different Options

2
w

2
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e
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0.1
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Moment (N Option-1 : Modified Scaling
Option-2 : No Scaling



TEG-095

. . 2
Original Proposal (TEG-035)
Flex-GT Tentative Threshold Values TEG-035
SO0% Injury ek level of AMSD
Booyregions ___ (fendafe) References
Human value
o o pmsown MG remmedao
Knee (MCL) BA (18- 20 deg) M&“ﬁéﬁ.ﬂ?ﬁ'&:ﬂ“ﬁi |— Based on
T T Konosu et al. (2001)
&L Slongaion, SO:
Originally proposed threshold for human MCL (TEG-035)
@18 deg based on Ivarsson et al. (2004)
©®20 deg based on Konosu et al. (2001)
®No single value proposal
11

Questions Raised at 7t Flex-TEG

Scaled moment-angle curves Injuries sustained by each specimen

in Ivarsson et al. in Bose etal.
Table 3: Injuries observed in each tested specimen

2

oy Test# | Specimen# | Aspect | Test | ACL | PCL | MCL | Ls
i Bond 1 | 51000044004 [ Rght | apt | v | v [ P
Bond 2 | 2002 FRM-158| Right | 4pt
Bend 3 |2001-FRM-141| Left | 4pt
Bend 4 |2002-FRM-179| Right | 4pt
Bend 5 (2002-FRM-179|  Left 4pt
Bend 6 |2001-FRM-141| Right | 4pt
- - Bend 7 |2003-FRM-187| Left | 4pt

" - ™
Angi ogrees)

y Band 8 [2001-FRM152| Lot | 4pt
Fig. 6. The noment-anglc responscs from the cight knce bending tzsts conducted by Bose ¢t al. 2004) — L
geometrically scaled 1o e size of the S0™ percentile male knee. . ° e

< <« << << <0

e < 2 2 2 2 =
s = @2k @

o
Comb 8 | 2001-FRM-152] Right [3pt [ v | v | P | v

4 pt: 4 point bending, 3pt: 3 point combined Loading
[v : No injury, P: Partial avuision, C: Compista avulsion
B. Bony Avulsion, L. Slight laxity

® Time of first local moment peak is not always different from time of maximum
moment : No consistency

® Acoustic emission burst would work with bone fractures, but not with ligament
failure : May have detected vibration from other phenomenon than MCL failure

® Most of the specimens sustained only partial failure of MCL : Use of first peak is
likely to introduce minor failure of other knee components

®For above reasons, use of Definition B (Maximum moment) is recommended

. . th ]
Questions Raised at 7t Flex-TEG
MCL injury threshold I m
O I ey detiicn A o
90 | u injury sannmen & ve% c1
B0 < < inlury definition B
0 | = i o 4 Proposal for o
;:‘.n higher performance limit:
E!v | 18°knee bending angle
r!ﬂ;
zu%
N e R
o s 10 15 2 % k]
Angle (degraes)
Univariale Weibull survival models prediciing the risk of knea inury (MCL injury) in
dynamic vaigus bending of the S0th parcentile maia knee as fuRcton ot Danding angle
[Source: Ivarsson et al. 2004]
Questions:
* Why injury definition B (injury occurence at the time of maximum moment)
and not definition A (injury occurence at time of first peak) ?
= Why no use of the dynamic response corridor (16-20°/ 12,5%15°)
but just the average value?
Oliver Zander December 8th, 2008 Slide No. 11
14

Proposal for Human MCL Threshold

® No data duplication between Konosu et al. (2001) and
Ivarsson et al. (2004) : simple average can be justified to
take into account as many data as possible

® Data scaling does not affect injury risk functions for the MCL
(bending angle) in both Konosu et al. and Ivarsson et al.

® Use of Injury Definition B in Ivarsson et al. is more
appropriate to reasonably represent failure of the MCL

®95% ClI curves in lvarsson et al. should not be used
because the estimated risk function provide the best fit to

the data

® Proposed bending angle threshold for human MCL : 19
deg (virtually the same as previously proposed value)

®Flex-GTR MCL elongation threshold needs to be
investigated based on the response correlation
between the Flex-GTR and human lower limb
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Proposed Human Thresholds

Proposal for Human MCL Threshaold
#No data duplication between Konosu et al_ (2001) and
Ivarsson et al. (2004) - simple average can be justified to
take into account as many data as possible
#Data scaling does not affect injury risk functions for the MCL
{bending angle) in both Konosu et al. and varsson et al.
®Use of Injury Definition B in Ivarsson et al. is more
E iate to reascnably represent failure of the MCL
#25% Ol curves m areson o . should no oe used Proposed Thresholdfor Human MCL
because the estimated risk function provide the best fit to .
the data ' Knee Bending Angle 19 deg
—~————
*#Proposed bending angle threshold for human MCL : 19
deg (virtually the same as previously proposed value)
#Flex-GTR MCL elongation threshold needs fo be
investigated based on the response correlation
between the Flex-GTR and human lower limb

Proposal for Human Tibia Moment Threshold

®Only data used by Kerrigan et al. (2004) were used in order
to avoid duplicated data entry

® Unscaled data resulted in different injury risk curve from that
obtained using modified scale factors with the average scale
factor identical to the average height scale factor

#® Although the average height of the specimens was close to
that of 501 percentile male, data scaling should allow more
appropriate threshold for the Flex-PLI that represents 507
percentile male anthropometry

—~———

#®Proposed bending moment threshold for human tibia
361 Nm

®Flex-GTR tibia bending moment thresheld needs to be
investigated based on the response correlation
between the Flex-GTR and human lower limb

Proposed Thresholdfor Human Tibia
Tibia Bending Moment 361 Nm

Human - Flex-GTR Response Correlation °

Flex-GTR Prototype w/Extended Flesh Rubber
MCL Tibia

Impact Side

Flex-GTR vs. Human Model Flex-GTR vs. Human Model

- '] E 500
_E . _3
% E . . % S 400
S50 o ° ° 5.,
x s (I xr 2
=2 . F o
Qs . O £ a0
¥ 10 3 g
g 584x + 10.335 TS+
= - ©
‘ . g2 . . . .
0 10 20 30 0 100 200 300 400 500
Extended Human Model Human Model
Flesh Rubber MCL Elongation (mm) Tibia Bending Moment (Nm)
R=0.55 R=0.90

® Better correlation for tibia bending moment with extended flesh rubber
® Use results for extended flesh rubber to convert injury thresholds from
human to Flex-GTR

MCL Injury Measure Conversion

Convert: Human value >>> Flex-GT value | TEG-035
Dy Ny
Human Human Model Flex-GT Model Flox-GT
Tibia bending moment Tibia bending moment Tibia bending moment Tibia bending moment
Hiy HMigy FaTM g, FGT iy
(Nm) (Nm) (Nm) (Nm) Tentative
312 312 289 299 *—  threshold values
350 350 337 337
assumption: Hygy, = HM gy FGTyram= FGTrpm
FGT o= 09977 * HMgy, - 12 325 (from reguration curve)
ﬁ‘s

Hurman Human Model Flex-GT model Flex-GT

Hisa HMga HMpor FGTMuce FGTmo
(deg) (deqg.) (mm) (mm) (mm)
8 18 15 18 18
20 20 17 20 20

assumption” Hga = HMga, FGTunce = FGTmer
HMyo = 0.835  Hika, {from human model output)
FGTMye, = 0.6924 * My, + B.0156 (from reguration curve)

Convert human tolerance values to the Flex-GT ones
(use correlation ratio/formula)

®Tibia Bending Moment for Human Model : 361 Nm
®MCL Elongation for Human Model : 0.835*19 deg = 15.9 mm

MCL Threshold Conversion

Flex-GTR vs. Human Model

30 )
— L]
£
— [ ] [ ]
g5 192 .
S c 20 (g .
=5 % « ./‘?. -
or @
<) °
o5 s
-3 w 10
] y = 0.5584x + 10.335
s R=0.55
. | 15.9

0 5 10 15 20 25 30
Human Model
MCL Elongation (mm)

Converted Flex-GTR MCL Elongation : 19.2 mm
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Tibia Threshold Conversion

500

Flex-GTR vs. Human Model

400

>l

y = 1.259x - 72.798

R=0

.90

200

100 +

Flex-GTR Model
Tibia Bending Moment (Nm)

w0 | 381.7

361

Converted Flex-GTR Tibia Bending Moment :

100

200 300 400 500
Human Model
Tibia Bending Moment (Nm)

381.7 Nm

10

Effect of Muscle Tone

gtr9 Preamble (TEG-076)

110. These studies suggest a bending limit in the range of 15° to 21° for knee protection. The
informal group determined that a value close to the upper limit (21°) of this range should be
considered. and not the average. The absence of muscle tone in the PMHS tests reduced the knee
stiffess of the subjects. and the high rigidity of the impactor bones transferred to the knee joint a
part of the impact energy normally absorbed by the deformation of human long bones. For these
reasons. a bending limit of 19° was selected for this gtr.

Lloyd and Buchanan (2001)

David G. Lloyd, Thomas S. Buchanan
Strategies of muscular support of varus
and valgus isometric loads at the
human knee

J. of Biomechanics 34 (2001) 1257-
1267

® For volunteers, average contribution to varus is 17 £ 9.7%
and to valgus is 10 = 6.3% of externally applied moment

® Flex-GTR MCL threshold incorporating effect of muscle
tone:19.2mm* 1.1 =21.1 mm

13

Proposal for Flex-GTR Injury Threshold

® Correlation functions derived from data NOT INCLUDING
high bumper vehicles were used for threshold conversion

® Correlation functions with an extended flesh rubber were
used for significantly improved correlation for the tibia

bending moment

® Converted thresholds were 19.2 mm for MCL, and 381.7 Nm

for Tibia

® Incorporation of muscle tone effect yielded the MCL

elongation threshold of 21.1 mm

v

Proposed elongation threshold for Flex-GTR MCL : 21

mm

Proposed bending moment threshold for Flex-GTR

tibia : 380 Nm
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PMHS Data N m
Nm]

Nyquist

118 etal. M 54 182 68 35 M 395 1335 520 201,1
Nyquist

124 etal. M 64 177 82 42 [ 287 315,7 290 245
Nyquist

126 etal. M 58 174 7 42 e 224 246,3 130 2099
Nyquist

127 etal. M 56 176 79 3,7 m* 237 260,7 265 2432
Nyquist

129 etal. M 57 178 99 3,7 e 349 383,9 s00 455 289,3
Nyquist

132 etal. M 57 187 a5 38 e 264 290, 245 455 3104

*: Lateral to Medial
Source: Nyquist et al. (1085

« Consideration of six male tibia specimen tested by Nyquist et al. (1985) with
known heel to tibia plateau heights

« Acquisition of Bending Moment to fracture at Midspan

» Due to attenuation of peak values by CFC 60 filtering: increase of bending
moment values by 10% (2 M, )

+ Calculation of scaled Fracture Bending Mements according to the formula:
Mscaled:[( Lrei/L)‘a]‘Mmax

Injury Risk Curve

Oliver Zander May 19th, 2009 Slide No. 6

[ T m

Calculation of Maximum Tibia BM

O m
Shapiro Wilk Normality

Test results in Gaussian P | S
distribution of both the seled Frachee 7 masmen =1
Peak BM at Midspan as well - s
as the Scaled Fracture | /

Moment results (P>95%). N 3 /
Scaled Fracture Moment
results take into account
the standardized tibia

heights of DIN.

Pt

Therefore, the injury risk ! } }
thresholds are to be

s
. o “1): T lis of six specimen taken fr I

derived from this risk “zl;ai::;:fn:'gnmh:fﬁﬂﬁgﬁm%%:ﬂmnggﬁmofnlumnd:rdlma tibia heights

curve. Source: Pastor C. (2008)

6
. . P,=> M, 16=235TN
20% risk of tibia fracture: 0 Z- M "

6
50% risk of tibia fracture: Fs=> M., 6=2649Nm
1

Flex-GT Tibia Bending Moment = [...] = 0,9977 * Human Tibia Bending Moment — 12,325

assumption: Hrgw = HMrgw. FGTwran= FGTram
FGTyrgy = 0.9977 * HMygy - 12.325 (from reguration curve)
Source: TEG-043

Flex-GT BM;, = 0,9977 * 264,9 — 12,325 = 252 Nm

Increase of Flex-GTR BMy;,, values compared to Flex-GT BMyy,;, :
Al: +1,83%, A2: +10,18%, A3: +17,04%, A4: +14,58%

=> Mean increase of Flex-GTR BMy;,;, compared to Flex-GT BMy;,;, in idealised tests: 11%
(Flex-GT and Flex-GTR readings within ACEA/BASt joint projects on Flex-
GT/GTR evaluation)

0

€Flex-GTR ;...
Flex-GT ..

gww
H

ot i)
5

[ERT———

ot s war ) _— e il

Source: TEG-051

Oliver Zander May 19th, 2009 Slide No. 8

Calculation of Maximum Tibia BM

Oliver Zander May 19th, 2009 Slide No. 10

I m
Flex-GTR Tibia Bending Moment =

1,11 * (0,9977 * Human Tibia Bending Moment — 12,325)

Flex-GTR BMy,,, = 1,11 * (0,9977 * 264,9 — 12,325) = 279,7 Nm

Test# Tibia A1 TibiaA2 Tibia A3  Tibia A4
Max'mum deVIatIOﬂ of Inverse test 1 [SNO1] 2514 2343 186,2 108.9
. Inverse test 2 [SNO1] 2579 2366 1849 1118
tibia value from mean Inverse test 3 [SNO1] 2620 2.1 86,8 1127
value within inverse tests: Inverse test 4 [SNOZ2] 2627 2513 1949 145
7,66 % Inverse test 5 [SNO2] 2540 2412 188,4 108,9
S Inverse test 8 [SNO2] 2581 2409 185,1 110,5
(measured at Tibia A3) Inverse test 7 [SNO3] 2542 2432 2090 1115
Inverse test 8 [SNO3] 2558 2437 2079 113,6
Nine in\ferse tests Wlth Flex- Inverse test 9 [SNO3] 2558 2458 204,0 112,6
. MV 25663 24146 10413 11167
GTR, three with SNO1, SN02, o has P 5.23 hs
SNO03 each, at 40 km/h Max 26270 251,30 209,00 114,50
Min 251,40 234,30 184,90 108,90
max. Dev. from MV [%] 238 408 7.66 254

Upper Performance Limit (UPL) = Flex-GTR BMy;;, / 1,0766 = 259,8 Nm
Lower Performance Limit (LPL) = Flex-GTR BMy;,;, * 1,0766 = 301,1 Nm

As type approval requires pass-/fail threshold:
Proposed Threshold Value for Flex-GTR Max. Tibia Bending Moment: 302 Nm

Oliver Zander May 19th, 2009 Slide No. 11
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Technical Background Information Document for the UN-ECE GRSP explaining
the Derivation of Threshold Values and Impactor Certification methods for
the FlexPLI version GTR agreed by the FlexPLI-TEG at their 9 Meeting

Drafted by: Atsuhiro Konosu (JARI -MUT) and Oliver Zander [BASE) on behalf of the GRSF Flex? U Technical
EBvaluation Growp [TEG)

1} Tibia Thrashold Value: 320 Nm

At the B GRSP Fles-TEG meeting on May 13" 2008, two proposals for the tibia thresholdd value of
the FlewPLl wersion GTR (also called Flex-GTR) were miade by JAMA and BASt, coming to different

conclusions.
a) 380 MNm [JAMA)

JAMA derived the Flex-GTR tibia bending moment threshold using a linear transition egquation
between human and Flex-GTR Finite: Element (FE} models derived from computer simulation results.
The averzge human tibiz bending moment threshold valse was taken from zn injury risk curve of the
50 percentile male for tibia fracture, taking into scoount scaled male and female PMHS data from
Myguist et al. (1985) and Kerrigan =t al. {2004 under modification of the standard tibia length znd
standard tibia platesu height, making the assumption that the height scale factor and length scale
factor should correlate to each other. The Weibull Survival Model was used to develop the injury
probability function. The proposed final threshold value resulted in 380 Nm.

b 302 Nm [BASt)

BASt derived the Flex-GTR tibia bending moment threshold also using the cormesponding transition
equation between human and Flex-GTR FE models. The aversge human tibia bending moment
threshold value was taken from an injury risk curve of the 50 perczntile male for tibia fracture,
taking into account scaled male PMHS data from Myquist et al. [1985) wsing the standard tibia
plateau height provided by DIN 33402-2 German anthropometrical databaze. The comulative
Gaussian distribution was used to develop the injury probability function. The calculated threshold
walue under consideration of possible scatter of test results snd of 3 reproducibility orridor derived
from inverse certification test results was 302 Nm.

A comparizon of both spproaches revealed that the calculated threshold values mainky depend on

- the underdying set of PMHS data

- the consideration of female and / or male data

- the use of scaled or unscaled datz

- the particular anthropemetrical database based on which human data are scaled
- the injury risk to be covered

- the statistical procedure to develop an injury probability function

Az consensus for both approaches BASt proposed a rounded aversge value of 340 Nm for maximum
tibia bending moment threshold.

In parzliel to BASt proposing 2 rounded average value, JAMA conducted 3 cornelation study on the
EEVC WG 17 PLI tibia acoeleration and FlexPL tibia bending moment. As & result, they found that the
170 g EEVC WG 17 PLI tibiz zoceleration in gtr 9 was correlated to 343 Nm Flex-GTR tibia bending
moment

TEG-127

T December 2009

B this was almost the value proposed by BASt 25 average value between the BASt and former JAKA
proposalks, the group agreed at the 9" TEG meeting on September 3™ — 4™, 2009, on 2 conzensus of
the rounded value of 330 Nm.

2} MCL Elongation Threshold Value: 22 mm
a] 22 mm (JAMA)

JAMA developed an MCL injury risk function a= average function between the risk functions from
harssen et al. (2004] and Konosu et al. [2001], latter one revised using the Weibull Survival Moedel. In
this function, = 50% risk of knee injury in terms of MCL rupture corresponded to & human knee
bending angle of 19 degrees. This value was converted to 19.1 mm ML elongation, using &
corresponding transition equation from computer simulation. After incorporating the effect of
musche tone the threshold value was calculated at 21 mm. As this value was converted to 16.9
degress of EEVC WG 17 PLI knee bending angle by using a comesponding transition equation whidch
would be by 11 % more conservative than the currently defined GTR threshold value of 19 deg, 5 5%
more conservative approach, equal to 18 deg EEVC WG 17 PLI knee bending angle was proposed and
transformed to 22 mm ML elongstion, using the same transition equation as before.

b 22 mm [BASE)

&z BASt is not in the position to validate or double-check those results, they investigated a direct
worrelation between the EEVC WG 17 PLI knee bending angle and the FlexPLI MCL elongation as
werification of the JAMA results. A transition eguation was developed, based on hardware test results
of different wehicle categories and idezlized tests. Thus, 2 knee bending angle of 19 degrees would
correspond to 22.7 mm MCL elongation. In grder to provide at keast the same level of protection as
the current GTR, a threshold valee of 22 mm was proposed which was in line with the JAMA proposzl

At the 9 GRSP Flex-TEG meeting on September 37 - 4%, 2009, the growp agreed on a Fles-GTR
threshold value for MCL 2longation of 22 mmi.

3) ACL/PCL Elongation Threshold Value

a) Mandatory with a threshold of 13 mm (BASE)
Currently, no injury risk curve for cruciate igament injuries is available. BASt proposed to therefore
use the results of PMHS tests described by Bhalla et zl. {2003), stating that below a shear

dizplacermnent of 12.7 mm sufficient protection is provided to the cruciate igaments. Thus, and in the
absence of more data but having in mind that the FlexPLl should provide at least the same level of

protection s the EEVC WG 17 PLI, BASt proposed a mandatory threshold valus of 13 mm for ACL/PCL.

b} Monitoring sgeinst a threshold of 13 mm [JAMA)

In contrast, MAMA stated that the percentage of isolzted ACL/PCL injuries in real world data is low
{less than 3%) and the biomechanical data is limited {only 2 data are available from Bhalla et sl
{2003), which does not allow development of an injury probability funcion. Therefore, the tentative
threshold value should be set for monitoring, subject to future modification to the tentative
threshold based on additional biomechanical data.

c] Mo consideration [ACEA)
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Ax pointed out by both, BASt and JAMA, the biomechanical data avsilable to define an injury risk
ree is fimited. Im addition, it is felt that ACL/PCL elongation usually comesponds to MCL elongation.
Iri addition, the gtr concept does not provide for the monitoring of certzin criteriz. ACEA therefore
proposes to abstain from defining an injury threshold for ACL and PCL.

At the 37 GRSP Flex-TEG meeting on September 374", 2009, the group could not agree an injury
threshiold for ACL/PCL slongation.

=% GRSP is requested to sither come to & condusion or to provide guidance on this.

4} Certification methods
Two different FlexPL] certification methods have been developed in the course of the last years.
a) Pendulum test [JAMA/IARE)

From the beginning, J&ARI developed the pendulum test as an easily applicable, highly reproducible
and repeatable test enabling the test lab to make 2 quick check up of the impactor's general
functionality before each test series. The current manufacturer of the legform, FTS5, modified the
pendulum test by hanging the legform upside down and zpplying 2n additionzl mass to the thigh to
generate loading levels similar to those of real vehicle tests. JAMASJAR] slso showed that essentially
no rate sensitive materials sre used for the major strectures of the Flex-GTR and thus, in their point
of view, a5 a certification test there should be no concern a5 to the difference in timings betwesn the
pendulum test and real vehide best.

b} Inwerse certification test (BASt)

On the other hand, BASt saw the need for a certification test with impactor loadings and test
wonditions similar to those during real vehicke tests. Therefore, the inverse certification test was
developed, providing rezlistic impact conditions in termis of loadings, kinematics and timings,
enabling the test lab to ensure that the impactor works &5 intended under the impact conditions
ooeurring in rezl vehicle tests. The proposed test setup is in line with the recommendations of EEVC
‘Working Group 17 who refused for the same rezsons as BASt 2 pendulum test with their impactor for
certification purpooes.

At the 7 GRSP Flex-TEG meeting on September 37- 47, 2009, the group agreed on a hybrid
approach, using the inverse certification tests before each homologation test series and after every
30 tests while the pendulem function test needs to be carried out after every 10 tests in case the
certification is not been done by using the invwerse certification.
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ACEA TEG-128

Current situation — injury values : impact vs rebound (one example)

Bending Moment

J - Bending moments :

A | I Y - Highest values occur during the
A T whem impact

72 RN _ + ACL/PCL :

: Mo = - Maximal PCL value occurs
during the rebound — (slightly)

Conclusion & Recommendation

Summary/Conclusion :
In the rebound phase of the Flex GTR (vehicle impact), higher ACL/PCL

elongation values can occur than during the impact itself
- Legform Kinematics are biofidelic up until rebound

Recommendation :
All maxima occurring during and after the rebound phase shall be

R : higher value than during the / Sl
T T et e impact ignored. (The rebound phase usually starts around 50 milliseconds but must
et be determined from film analysis)
Tt |
4 ACC - Dwsplacement -
P \ Skip these values
" N | texceptLeL)
_ _.'_;‘JC “1 :_7 T =g '\\ Y I D - '/"L- [, ]
— —T__ | A L~
T jmpad T [ Rebound JFA; e _‘[h'_( -';.h."“’: Fi
10 20 a0 an 50 &0 3 agmp m: : Imgact ! : R'E_B?und ;
W = ; @ = @ 7 fﬂu[ﬂj‘;‘
Page 4

11t Meeting of TEG-FlexPLI, 20. & 21.04.2010 Page 3
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ACEA TEG-129 a

EVALUATION OF THE RESPONSE OF MECHANICAL PEDESTRIAN KNEE JOINT IMPACTORS IN

BENDING AND SHEAR LOADING

Kavi Bhalla, Dipan Bose, N. Jane Madeley, Jason Kerrigan, Jeff Crandall

University of Virginia, USA
Douglas Longhitano

Honda R&D Americas, Inc., USA
Yukou Takahashi

Honda R&D Co., Ltd., Japan
Paper Number 429

1 hypothesized ACL failure at 0.69kN and

1 hypothesized ACL failure at 1.8kN and

12.7mm shear displacement

17.8mm shear displacement

In comparison with bending tests, the relative timing of
Imee damage in shear tests is difficult to evaluate. The
Ikmee shear forces are seen to have a steadily increasing
trend with shear displacement. Since tibial-spine
gouging/plowing 1s likely an ongoing process, a drop in
forces is Jikely due to ACL damage Thus, it is
bypothesized that the early peak in shear forces (at 12.7
mm of shear displacement. @3N shear force) i Test
22 is due to ACL falure. Similarly, ACL failure in
Test 2.1 occurs at a shear force of 1839N and a shear
displacement of 178 mm.

mjury m the PMHS shear tests. Nevertheless, 1t is clear
that the tolerance for shear displacement 1s at least

12.7mm (PMHS test 2.2) and possibly much higher. as

11th Meeting of TEG-FlexPLI, 20.&21.04.2010

Page 12

ACEA TEG-129 a

BENDING AND SHEAR LOADING

REVIEW OF REAL WORLD PEDESTRIAN
KNEE INJURIES

EVALUATION OF THE RESPONSE OF MECHANICAL PEDESTRIAN KNEE JOINT IMPACTORS IN

Isolated injuries to the
ACL were also rare (in 2 cases out of 165) in lateral
impacts.

The described knee injury mechanism in the defined lateral car-to-pedestrian

accidents leads to the assumption that ACL rupture occurs after MCL
_rupture (but before PCL rupture) (Teresinski et al, 2001) )

Isolated ACL avulsion seems to be difficult to replicate in PMHS tests.
A injury-risk function is currently not known.

*) unpublished BASt information, 10. TEG meeting, December 2010

11" Meeting of TEG-FlexPLlI, 20.&21.04.2010

Page 13

ACEA TEG-129 \"

Relevant injury

ITdDiE.‘ 3.1 Ligamenl avuision as initial damaye in shearinyg lests.
TEST#] Tume  Shear Force Shear Disp | Time Bend Mom  Bend

— " mechanism
= m [N ns | Nm
* . Diaphysis or Metaphysis @  Ligament adtrereh
Table 3.2 Diaphysis or metapRysig fracture as initial damage in shearing 1ests
"_l ST®| time  Shear. borce  Shear (nsp. | Bend Mgm  Bend Angle Tigaments or Mcia."]_Epiphyses
|- 1 1
= i

|-|y...| ACL PCL MCL LCL ur Tibia [Femur Tibia
5§ 0 NA 1 7.0 5 "
‘ 175 H 55 75 7 T s i ' 23mm shear displacement

aments Dia
L MCl |'1!|u--,r
——

08 [

x5 | 63 = s before ACL failure
. 7l 3
[ ' | \ ]
* - Diaphysis or Metaphysis B 1 : Comminuted supracondyls fracture M 2 : Transverse fracture
~ Table33 Epiphysic fracture as initial damage in shearing tests
P!w #[ Time Shear. Force Shear Disp. | Time  Bend Mom  Bend Angle Ligaments Din_or Meta *| Epiphyses
‘ | ms | "i N [ mm | I,"! ] N | ACL PCL MCL LCL{Femur Tibia |Femur Tibia
s | 50 24 2 14 ) | a
s | 61__ 3 7__|s -~
178 [ T S x| & - [T TRa T e (e
S 1.7 14 1 a - - '

Kajzer et al., Shearing and bending at the knee joint at high speed lateral loading SAE paper 973326 (1997)

Page 14
11t Meeting of TEG-FlexPLI, 20.821.04.2010
. s
ACEA TEG-129 =
Recommendations
ACL/PCL threshold:

= Abstain from supporting a mandatory criterion for the FlexGTR
« Risk curves should be the basis to underline any FlexGTR threshold
= More scientific information is needed
which is addressed to a sophisticated knee element like the FlexGTR
= Criteria without a sufficient data base is absolutely not advisable
A requirement for ACL/PCL cannot be supported by ACEA

Relaxation zone:

» The relaxation zone must be kept in the gir 9 independent of test tool

» The criterion of the tibia bending moment in the relaxation zone should be modified
» For pragmatic reasons an increase of around 10% is proposed

The relaxation criterion of the tibia bending moment should be set to 380Nm

11t Meeting of TEG-FlexPLI, 20.821.04.2010 Page 8
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Correlation: EEVC WG 17 PLI and FlexPL|mmmes—m m

2)SD versus ACL:
. y=0,8x+327
g
E
E 80
=
L 0

] 4 5
Shearing Displacement [mm]

Oliver Zander

Slide No. 8

April 21st, 2010

Correlation: EEVC WG 17 PLI and FlexPL | mmmes—m m

3)SD versus PCL:

s
y=-0,66x +[,26

PCL Elongation [mm]

5

Shearing Displacement [mm]

Oliver Zander

April 21st, 2010

Slide No. 9

Correlation: MCL and ACL/PCL

Test results:

140

¥ =0,5767x-2,7912

ACL Elongation [mm)]
A

10,0 120 140 5.0

18
MCL Elongation [mm]

180 200 220 x40

Oliver Zander

April 21st, 2010

Slide No. 13
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Correlation: FlexPLI SD and ACL EL

[ m

Correlation: FlexPLI SD and ACL EL

» Bhalla et al (2003) found tolerance of 12,7 mm and 17,8 mm
for human knee shear displacement of the 50th male

+ The knee shear displacement can be transformed to FlexPLI ACL
/PCL elongation, taking into account the knee measurement
locations

Knee joint block center without impact face

|
25 ACL

— N s [ }
! meL
N1
| e R
1 ﬁ; 1 I $ = | Knee joint center
: I -
B wo |
e
NN

Fllx Measurement I0oatian [Scurca: JARL, Apnl 2010]

Demage mechanism in knse sher ioading
Source: Bnala at &l 2003]

K joit bk cenles wilhoul impact face
'

25| AL

a A = ;nneenm:.emef ACL= 37.7 25.8

1
i 275

=]

ACL length in unloaded condition @ approx. 37,7 mm

Shearing of 17,8 mm causes
ACL elongation of approx. 14,4 mm

Shearing of 12,7 mm causes
ACL elongation of approx. 10,1 mm

Oliver Zander April 21st, 2010 Slide No. 16

ACL= 47,8 ACL= 52,1
(37.7+10,1) (37,7+14,4)
25,8
40,2 (27,5 + 12.7) 45,3 (27,5 + 17.8)
Oliver Zander April 21st, 2010 Slide No. 17

Proposal for ACL/PCL injury thresholds mmmms—m m

Proposal for ACL/PCL injury thresholds mmmms—m m

Conclusions / Proposal:

1. Under the previously made observations, the following, first estimation
was made:

Flex-GTR ACL elongation performance limit: 8 mm (SD transition)
Flex-GTR ACL elongation performance limit: 10 mm (MCL transition)

2. In absence of injury risk functions for the cruciate ligaments and lacking
information on transition between human and Flex-GTR ACL/PCL elongation
a threshold value of 13 mm ACL/PCL elongation is proposed as performance
limit.

3. German In-depth accident data gives evidence of clearly defined cruciate
ligament ruptures.

4. ACL was proved to be the more critical because under the defined impact
conditions less protected ligament. Therefore, the threshold value regarding
PCL may be set as monitoring.

5. Anyway, as the FlexPLI should provide at least the same level of protection
when being compared to the EEVC WG 17 PLI, the ACL limit should be set
mandatorily.

BASt-Proposal for Flex-GTR:

ACL EL: 13 mm (mandatory)

PCL EL: 13 mm (monitoring)
Knee Shear Tests
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3. Benefit

Outline
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3. Benefit

- List of Relevant TEG Documents -

Doc. # | Affiliation | Version Summary
- Estimation of lower limb protection level provided by Flex-PLI
- Follow NHTSA methodology (GRSP/2006/7), based on PCDS
data
TEG-049 | JAMA-JARI | Flex-pLi | Results

- Estimated number of injury-prevented pedestrians by PV:

2,438

- Estimated number of injury-prevented pedestrians by LTV:

359
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TEG-049

Evaluation Method for Flex-PLI (for discussion)

Base: NHTSA Method (TRANS/WP 29/GRSP2006/7)

Base data: PCDS3
Mumber of pedestrians with AlS 2+ lower extremity (LE] injuries as most serious injury

Mumber of annual injured pedestrians
Percentage at MIS 2-G level
Percentage where LE most serious

fotal

68,000 persons
x56%
x42%

|_15.994 persons |

Estimated number of pedesirians with A1S2+ LE injuries addressed by regulation caused by vehicles covered by requlation

Percentage to knee and lower leg injuries

Percentage sustained by vehicle type

fotal

Mumber of annual LE MAIS 2+ injured pedestrians

Percentage of vehicle type coverad by regulation
Percentage attributed to bumper contact by vehicle

15,994 persons

x H6%

PV LTV
¥ B4% ¥
¥100% X
¥ 81% X

Py LTV

o Same as the
- MHTSA Method
16%
87%
T2%

|__6.094 persons |

898 persons |

= MAIS 2+ knee and lower leg injuries prevented (by PY)

Target population

Separated by injured parts” |

6,094 persons

Treatment of primary zone and relaxation zone will

Persentage of injury type

Persentage of no injury rafio
Persentage of test zone

total

be discussed in the Flex-TEG Meefing {now just set

LDWE+r leg Knee bl
X71.5% X28 5% J L
Primary zone Relaxation zone Frimary zone Relaxation zone
x Sl% x 20% % 5lY% ¥ D%
x* 65% ®15% ¥ 65% ¥ 15%
1416 persons 327 persons 564 persons 130 persons

| 2438 persons [1._

=MAIS 2+ knee and lower leq injuries prevented (by LTV)

Target population
Persentage of injury type

Persentage of no injury ratio
Persentage of test zone

by car type total

* Data Source: SAE 2006-01-0683

Number of Injury Prevented Persons (by PV)

898 persons

Lower lea Knese
¥71.5% ¥28.5%
Primary zone Relaxation zone Frimary zone Relaxation zone
x 50% ¥ 50% ¥ 50% ¥ H0%
x 65% x15% X 65% ¥ 15%
209 persons 43 persons 83 persons 19 persons

| 350 persons fe—|

Number of Injury Prevented Persons (by LTV)
(in case of LTV made a countermeasure for the Flex-PLI)
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4. Durabllity

Outline
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4. Durability

- List of Relevant TEG Documents -

Doc. #

Affiliation

Version

Summary

TEG-037

BGS

Flex-GT

-Dec 2006 - Apr 2007 BASt test programme

- 70 tests at 40 km/h using Flex-GT

- Durability check

Results

- Flex-GTa withstood more than 70 tests @ 40 km/h
- No major mechanical defect

- Cable defects outside the impactor

- Minor design and wiring modifications required

TEG-063

NHTSA

Flex-GT

- Car test using Flex-GT : 2 cars, 1 location for one car, 2 locations
for another car, 2 impactor heights per location

- 2 additional car tests : same car, same location, same impactor
height for repeatability

- Durability check
Results
- Several minor issues but no catastrophic damage

- Need to test more aggressive vehicles to evaluate durability
for US fleet
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4. Durability

- List of Relevant TEG Documents -

Doc. #

Affiliation

Version

Summary

TEG-112

NHTSA

Flex-GTR

- Flex-GTR car test (2005 Honda CR-V, 2002 Mazda Miata, 2006
Infiniti M35, 2006 VW Passat, 2001 Honda Civic)

-Durability comparison between Flex-GT and Flex-GTR

Results

- Improved durability

- Poor performers in TRL legform tests have not been tested

TEG-113

KATRI

Flex-GTR

- Flex-GTR car test (1 car)
-Durability check

Results

- No serious issues on durability
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TEG-037

Inspection after test

Inspection after test

e Visual inspection of the e Verification of the torque of 8 screws
impactor components

and the cabling

Flex-GT-alpha Preparation
Torque Apply: B Nm

Applied torque point (4 points) |

Opposite sxde (impacl sde| screws ate nesd nol o be appled

@ (Flex GTa Handling Manual, Konosu, 2006) Q

A )
(=55
April 2nd, 2007 Dirk-Uwe Gehring Slide 6 Li_‘: o = I April 2nd, 2007 Dirk-Uwe Gehring Slide 7 — f-

Inspection after test Inspection after test

e Check of the length of the 20 knee spring ends e Check of the length of the 4 upper leg bending stopper

Flex-GT-alpha Preparation cable ends Flex-GT-alpha Preparation
Knee Spring Check: 3 mm Bending Stopper Cable Clearance Check (Thigh). 8 mm

—+  p—{ 8mm Clearance Is remained

le o™

(Flex GTa Handling Manual, Konosu, 2006) Q (Flex GTa Handling Manual, Konosu, 2006) 74
=3

f é@“ f ;
April 2nd, 2007 Dirk-Uwe Gehring Slide 8 — "-‘-—"tﬂ.l/ April 2nd, 2007 Dirk-Uwe Gehring Slide & ‘E L]



TEG-037

Inspection after test Inspection after test

e Check of the length of the 4 lower leg bending stopper ¢ New tool for cable clearance checks:
cable ends [ FexcT-aipha Preparation r = Thicknesses: 9 mm and 8 mm

Bending Stopper Cable Clearance Check (Leg): 9 mm

f
+

(Flex GTa Handling Manual, Konosu, 2006) [

~. B
} 2 i} 2
April 2nd, 2007 Dirk-Uwe Gehring Slide 10 == =2 I April 2nd, 2007 Dirk-Uwe Gehring Slide 11 == -5

Inspection after test

o Check for distortion

L
April 2nd, 2007 Dirk-Uwe Gehring Slide 12 l'}f_i -



TEG-037 !

Summary

e Flex GTa withstood more than 70 impact tests at 40 km/h
e No greater mechanical defect

e Cable defects outside the impactor lead to measurement
faults and time-intensive repairs

Improvement of endurance through minor design and
wiring modifications required

e Preparations for the test laboratory are comparatively
negligible
e Handling effort comparable with EEVC legform

e Significantly more measurement channels than in other
pedestrian protection impactor tests

e The necessity of a certification test after every single
Impact test should be reconsidered

E;J
April 2nd, 2007 Dirk-Uwe Gehring Slide 25 E—F1F



T E G '0 63 (Flex-GT Damage)

Tests Performed Mechanical

2002 Mazda 2005 Honda CR-V
Miata

Center Qutboard Center

347 mm from center

e—t—,

Knee Twist

E %
e .

* Each location: 25 mm / 75 mm above ground reference
level

* Two additional tests performed on Miata at 75 mm for Damaged Casings Seized Bolt/Sleeve Tibia Plate Damage/Rotation

Mechanical (cont.) Electrical

- Zippers need to be made more durable *» We had 10 — 12 instances of a broken cable in
— Broken pull rings due to repeated high tension when our testing
assembling leg * Improvements needed:
» Slices and cuts were common — Better routing scheme
— When does accumulated damage require — Dull sharp edges on knee structure
replacement of flesh? — Stronger wire covers
» Addition of threaded holes in standard location — Smaller bundle (can redundant gauges be coupled
for accelerometer attachment at knee somehow to reduce the number of wires?)

— Recommended for impact speed redundancy & — Onboard DAS is a very good solution!
comparison to TRL-measured tibia acceleration




TEG-063
Summary

* Test experience and repeatabillity
— Improved axial rotation with new roller support
— Excellent repeatability
* |njury evaluation
— Flex GT results ranked severity of impacts similarly

to TRL testing but indicated higher injury severity

— At least one Flex GT proposed injury limit exceeded
for all three impact locations for 25 mm impact
height

— Effect of raising impact height to 75 mm varied

« Damage and durability

— Several minor issues but no catastrophic damage

— Need to test more aggressive vehicles to evaluate
durability for US fleet




TEG-112

Test Matrix Durability

Flex-GT (2008)
1 Selection Criteria

— Vehicle location did reasonably well in TRL tests
(Mallory, ESV 2009 & more recent testing)

Vehicle Tibia Bending Angle | Shear Displacement
Acceleration (GTR: 19 deg) (GTR: 6 mm)
(GTR: 170 g)
2005 Honda CR-V Pass Pass Pass T —
2002 Mazda Miata Pass Pass Pass —
2006 Infiniti M35 (with Pass Pass Pass e =] y ™
Nissan Fuga bumper) ’ - —* Juy A i

2006 Volkswagen Passat Pass Pass @ : - T n
2001 Honda Civie - -

) r;C!;:,‘ ‘;‘fﬁf‘ .

Damaged Casings Seized Bolt/Sleeve Face Plate Rotation =%

Durability Durability Comparison

Flex-GTR (2009) Flex-GT vs. Flex-GTR

= =

Flex-GT (2008) | Flex-GTR (2009)
Knee Twist (Needed Manual Fix) X
Bent Tabs

Rubber Spacer Fell Out

= ; Damaged Cable Casings

X
X
2 : X
X

Longitudinal lines looked like Seized Bolt Sleeves
Scuffing but no deformation material lamination not cracks Broken Zipper Ring X

w — ¢ > Cut/Pulled Instrumentation Cables X (sensors) X (SLICE)
Y I b . S — 4 N Scuffing of Support Piece X
N T 3 '_ Y 3 -

- b " . = ‘ Blue Cap Came Off X (easily X (easily

K o o — N replaced) replaced)

. - (?; d;- Separated cable casing - no Longitudinal Lamination Lines on Bone? Not considered
Blue segment face detached - dniadloss damage (?)

easily re-attached

No Functional Damage




TEG-112
Summary

1 Very good repeatability
— In two repeat tests, center impact, 5 vehicles

1 Improved durability

— But we have not tested vehicles that were
poor performers in TRL legform tests

1 SLICE is functional & improvement over
conventional DAS

— But does have some bugs that need to be
worked out




TEG-113 "’

q Introduction of Test Vehicle and Test Method q Conclusion
: |
® TestVehicle KATRI have conducted the round robin test for Flex-PLi-GTR and as the result,
e \/ehicle meets the criteria of the TRL-LFI to test
e \Vehicle was rated completely areen in the TRL-LFI v Vehicle meets the criteria of EEVC WG17 LFl is also to meet Flex-PLi-GTR
to tests of Euro-NCAP v In spite of meeting regulation, The margin of Flex-PLi is shorter than EEVC WG17 LFI
4 :l:_nicle is considered to be pedestrian friendly in « This result should not apply for every vehicle, it is only applicable to our tested vehicle
is area
Green z0ne (Lower Legforml @ Test Method ® Repeatability
v Almost Good(62%) and Acceptable(24%) but some happened not acceptable level(9%)
Impactor type Flex-PLi-GTR Prototype - -
_ ® Jurability and Usability
Py Impact velocity 11-1x02mfs « No serious issues on the durability and usability
4 A EEVC WG17 LFI by EURO NCAP .
Impact zone (Green Z:ne] ® Some improvements are needed
mpact point Same point v As for Design and Durability : No sharp edges and No fracture especially zipper
I .
2 Same vehicles v As for Usability : More convenient and automatic control program
Impact times 3 Impact per 1 Vehicle v As for stability : Better data download and electrical ground connection
ol 75mm % More consideration is necessary to unexpected and without-control rebound phenomenon
Impact Height {From ground level) 1 gy MLTM ‘:, o




Outline

5. Reproducibility and Repeatability
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5.

Reproducibility and Repeatability

- List of Relevant TEG Documents -

Doc. #

Affiliation

Version

Summary

TEG-021

JARI

Flex-GT

- Dynamic certification test (pendulum)

Results

- Comparison of 36 tests for femur and tibia

- Comparison of 18 tests for MCL, ACL and PCL

TEG-034

J-MLIT
INTSEL

Flex-GT

- Bending test of femur, tibia, knee of Flex-GT

- Dynamic certification test (Pendulum) using Flex-GT
- Car test using Flex-GT (two impactors)

-R&R evaluation

Results

-Flex-GT test results were repeatable in 3-point bending tests
and pendulum tests

-Flex-GT test results were reproducible in car tests
- No evaluation of Coefficient of Variation

TEG-036

BASt

Flex-GT

- Car test (2 cars) using Flex-G and Flex-GT
- Dynamic certification test (Pendulum)

- Repeatability evaluation

Results

- Maximum tibia bending moments: SD between good and
acceptable at all impact locations

-Knee elongation: SD still acceptable in 5/12 cases
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5. Reproducibility and Repeatability

- List of Relevant TEG Documents -

Doc. #

Affiliation

Version

Summary

TEG-038

BGS

Flex-GT

-52 dynamic certification tests (Pendulum)

- Repeatability evaluation

Results

- Bending moments are comparatively constant

-ACL and PCL show also “constant” histories with a
significant scatter

-MCL seems to increase with number of tests
-No evaluation of Coefficient of Variation

TEG-039

ACEA

Flex-GT

- Car test (one box) : 5 positions, 1 test per position

- Car test (sport) : 2 positions, 2 tests per position

- Car test (sport) : 2 positions, 2(3) tests per position

- Rig test : 5 positions, 3 tests per position

- Dynamic certification test (Inverse) : 1 position, 5 tests
Results

-Much smaller variation of test results for inverse test
compared to vehicle test

-No evaluation of Coefficient of Variation
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Reproducibility and Repeatability

- List of Relevant TEG Documents -

Doc. #

Affiliation

Version

Summary

TEG-043

BGS

Flex-GT

- Car tests using Flex-GT : 4 cars
- Rig test using Flex-GT : 5 impactor heights, 3 tests per height

- Dynamic certification test using Flex-GT : 5 tests, same
configuration

Results
- Test results indicate that repeatability is at least acceptable
-No evaluation of Coefficient of Variation

TEG-045
Rev.1

J-MLIT

Flex-GT

- Simplified car test (6 tests, same configuration)
- Repeatability evaluation
Results

- All the CV values from 5 tests for femur, tibia and knee injury
measures fell within 3% and were rated ‘Good’ (less than 5%)

TEG-047

JAMA-JARI

Flex-GT

- Proposal for Flex-GT full calibration test procedure
- Dynamic certification test : total 31 tests with 3 impactors
Results

- Good repeatability and reproducibility were confirmed for
Flex-GT in pendulum dynamic certification test

-No evaluation of Coefficient of Variation
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5. Reproducibility and Repeatability

- List of Relevant TEG Documents -

Doc. #

Affiliation

Version

Summary

TEG-051
Part 1-3

BASt

Flex-GT

- Dynamic certification test (Pendulum) : 3 different Flex-GT, 3
tests per impactor

- Dynamic certification test (Pendulum) : one Flex-GT, 4 test
setups (change in padding and suspension), 3 tests per setup

- Dynamic certification test (Inverse) : 3 different Flex-GT, 3 tests
per impactor

- Repeatability evaluation using Coefficient of Variation by
following the procedure specified in ISO/TC22/SC12/WG5 Doc
N751

Results

-Pendulum test: CV evaluation resulted in ‘Good’ rating for
most of the segments, SN03 with unacceptable repeatability
for ACL and PCL, caused by the resulits of the first test

-Inverse test: CV evaluation rated ‘Good’ for a high number of
segments, repeatability for ACL and PCL significantly lower
and partly unacceptable
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5. Reproducibility and Repeatability

- List of Relevant TEG Documents -

Doc. #

Affiliation

Version

Summary

TEG-063

NHTSA

Flex-GT

- Car test using Flex-GT : 2 cars, 1 location for one car, 2 locations
for another car, 2 impactor heights per location

- 2 additional car tests : same car, same location, same impactor
height for repeatability

- Durability check
Results

- Excellent repeatability in 3 tests against one car, with CV
lower than 5% for all injury measures

TEG-064

NHTSA

Flex-GT

-- 21 dynamic certification tests (Pendulum) between car tests
using Flex-GT

- - Repeatability evaluation using Coefficient of Variation
Results
- Certification data was very repeatable

-CV: 2.8-7.8% for Femur, 3.2% for ACL, 7.5% for PCL, 1.9% for
MCL, 3.1-4.8% for Tibia
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5. Reproducibility and Repeatability

- List of Relevant TEG Documents -

Doc. # | Affiliation | Version Summary

- 12 dynamic certification tests (Pendulum) using Flex-GTR
- Repeatability evaluation using Coefficient of Variation

TEG-071 FTSS Flex-GTR
Results
-CV 0.3-4.3% for all injury measures
- Dynamic certification test (Pendulum) : Rig type 2, 3 different
Flex-GTR, 3 tests per impactor / Rig type 1, 3 different Flex-GTR
and 1 Flex-GT, 1 test per impactor
- Simplified car test : 3 different Flex-GTR and 1 Flex-GT, 4 tests
with one of Flex-GTR, 1 test per impactor for the rest of 3
impactors (2 Flex-GTR and 1 Flex-GT)
- Repeatability and reproducibility evaluation using Coefficient of
TEG-072 Flex-GTR variation
) Japan e - Comparison between Flex-GT and Flex-GTR
Rev.1 Flex-GT Results

- Repeatability in pendulum test: Rated ‘Good’ (CV<3%) for
Tibia and MCL of all of the three impactors

- Repeatability in simplified car test: Rated ‘Good’ (CV<3%) for
all injury measures except Tibia-4

- Reproducibility in pendulum test: Rated ‘Good’ (CV<3%) for
all injury measures except Tibia-3 (Acceptable) and PCL
(Marginal)




Reproducibility and Repeatability

- List of Relevant TEG Documents -

80

Doc. #

Affiliation

Version

Summary

TEG-087

JAMA-JARI

Flex-GTR

- Flex-GTR dynamic impact test against a simplified car
- Validation of Flex-GTR R/L symmetric response

- Evaluation of Flex-GTR repeatability and R/L comparability using
Coefficient of Variation

Results

- Repeatability of R/L combined test results: Rated ‘Good’
(CV<3%) for all injury measures except PCL (Acceptable)

TEG-089

BGS

Flex-GTR

- Flex-GTR dynamic certification test (inverse type)

- Flex-GTR car test (VW Golf, Ford Mondeo, Mercedes A-class,)
- Flex-GTR R&R evaluation using Coefficient of Variation
Results

-Inverse test: Repeatability and Reproducibility is good or at
least acceptable for all channels, very good long-term
repeatability (reliability) after 40 tests with one legform

- Car test: Reproducibility partly not acceptable




5. Reproducibility and Repeatability

- List of Relevant TEG Documents -

81

Doc. #

Affiliation

Version

Summary

TEG-093

JAMA-JARI

Flex-GTR

- Flex-GTR dynamic certification test (pendulum type and inverse
type)

- Flex-GT dynamic certification test (inverse type)

- Comparison of inverse test results (Flex-GT) with BASt results
(Reproducibility)

- Comparison of repeated inverse and pendulum test results (Flex-
GTR)

Results

-BASt and JARI inverse test results were comparable

- Additional mass (+ 100 g for femur top and tibia bottom)
effect was insignificant in the Inverse Test

- Additional mass (+ 100 g for femur top and tibia bottom)
effect was also insignificant in the pendulum test

TEG-094

BASt

Flex-GTR

- Flex-GTR dynamic certification test (inverse type)

- R&R evaluation using Coefficient of Variation

- Proposal for Flex-GTR certification corridors (inverse type)
Results

-CV: 1.4-5.2% for tibia, 6.3% for ACL, 5.3% for PCL, 3.8% for
MCL




Reproducibility and Repeatability

- List of Relevant TEG Documents -

82

Doc. # | Affiliation | Version Summary
- Flex-GTR car tests using 8 different cars
- Flex-GTR repeatability evaluation in car test and dynamic
certification test (pendulum type) using Coefficient of Variation
Results
TEG-105 | JAMA-JARI | Flex-GTR | _Car test: Out of 7 injury measures * 8 cars = 56 measures,
‘Good’ (CV<3%) = 23, ‘Acceptable’ (3%<CV<7%) = 28,
‘Marginal’ (7%<CV<10%) =5
-Pendulum test: Out of 7 injury measures, ‘Good’ =5,
‘Acceptable’ = 2 (No ‘Marginal’)
- Flex-GTR car test (2005 Honda CR-V, 2002 Mazda Miata, 2006
Infiniti M35, 2006 VW Passat, 2001 Honda Civic)
- Flex-GTR repeatability evaluation
TEG-112 NHTSA Flex-GTR
Results
-Very good repeatability in two repeat tests, center impact, 5
vehicles
- Flex-GTR car test (1 car)
- Evaluation of Flex-GTR repeatability using Coefficient of Variation
TEG-113 | KATRI | Flex-GTR | Results

- Out of 7 injury measures * 3 impact locations = 21 measures,
‘Good’ (CV<3%) = 13, ‘Acceptable’ (3%<CV<7%) = 5,
‘Marginal’ =1 (PCL), ‘Not Acceptable’ (CV>10%) = 2 (PCL)
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TEG-021
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TEG-021

ACL (maximum value)

Results

Knee ligament output
(Flex-GT-Alpha)
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MCL (maximum value)

PCL (maximum value)

Knee ligament output
(Flex-GT-Alpha)
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Knee ligament output
(Flex-GT-Alpha)
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Leg-2 (maximum value)

TEG-021

Leg-1 (maximum value)

Results
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TEG-034

Flex-GT: Repeatability and Reproducibility Evaluation Test

- Femur, Test setup -

354 mm
F
Ram
Neoprene
Knee side of Femur-1B [ Femur-2B Femur-35
Femur bone core
Femur-1A Femur-2A Femur-3A
Sup)
65 mi 10:
145 mm
Fi2 Fiz
165 mm 165 mm
Support Length: 330 mm

Moment. Femur-1 (Nm) = F/2 x 0.065
Moment. Femur-2 (Nm) = F/2 x 0.145
Moment Femur-3 (Nm) = F/2 x 0.105

quasi static 3 point bending test

Flex-GT: Repeatability and Reproducibility Evaluation Test
- Tibia, Test setup -

434 mm
F
Ram
Neoprene.
Knee side Tibia-18 Tibia-26 Tibia-38 Tibia-48
of tibia
Tibia-14] Tibia-2A Tibia-3A) Tibia4A
65 10!
145 mm 185 mm
Fi2 Fi2
205 mm 205 mm
Support Length: 410 mm

Moment: Tibia-1 (Nm) = F/2 x 0.065
Moment: Tibia-2 (Nm) = F/2 x 0.145 quasi static 3 point bending test
Moment: Tibia-3 (Nm) = F/2 x 0.185

(I

Moment: Tibia-4 (Nm) = F/2 x 0.105

- Knee, Test setup -

Proximal end
of knee

200 mm

Flex-GT: Repeatability and Reproducibility Evaluation Test

Ram
(R =50 mm)

Neoprene and rubber30

200 mm

Support End

load transducer (F,)

—

Support Length: 400 mm

Moment: Knee joint surface (Nm) = F, x 0.2

quasi static 3 paint bending test
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TEG-034

Flex-GT: Repeatability and Reproducibility Evaluation Test
- Femur, Test results -

SNo1 SNo2
500 500
400 = Femur SNO1_test02 400 s Femur SNO2_test02
3 _
£ £ am
§=0 E 250
fm 5
150 150
100 Repeatability o Repeatability
50 50
[ L L . . L ] L L L . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
SNO3 Defiection (mm) SNO1. SNO2. SNO3 Deflection (mm)
] 500
450 Femur SNO3_test01 450 = Femur SNO1 H
400 —— Femur SNO3_test02 400 = Femur SNO2 |{
350 30 Femur SNO3 ||
5 a0 EE
% 250 5 =0 P
S 200 5 200
= 150 = 100 <
100 Repeatability 100 Reproducibility
0 50
0 L . . . L o =
0 5 10 15 20 5 30 0 5 1 15 20 25 a0

Deflection (mm) Defiection (mm)

Flex-GT: Repeatability and Reproducibility Evaluation Test
- Tibia, Test results -
SNo1 SN02
500 500
450 Tibia SNO1_test01 450
400 —— Tibia SNO1_test02 400 —— Tibia SN02_test02
_ 350 _ 350
£ 300 £ am0
; 250 F‘: 250
§ a0 50
= 1m0 = 150
1oo Repeatability | 100 Repeatability |
S50 B 50
o o
1] 10 20 30 40 50 1] 10 20 30 40 50
SNO3 Deflection (mm) SNO1. SNO2. SNO3 Deflection (mm)
500 500 —
a0 0 — Tibia SNO1H
400 = Tibia SNO3_test02 400 —— Tibia SNO2 |4
350 350 Tibia SNO3 |
a0 ) 7
gzsn gzsn -
§ 200 :“:' 200 —
150 150 — £
100 Repeatability | e Reproducibility
50 S50
o 0
0 10 20 30 40 50 o 10 20 30 40 50
Deflection (mm) Deflection (mm)

- Knee, Test results -

SNo1

450 H Knee SNO1_testO1

400  =—— Knee SNO1_test02

350 H Knee SNO1_test03

Morment {Nm)
el
8

100 ————==————— Repeatability ]

MCL elongation (mm)

20 2 46 8101214 16 13 20 22 24 26 28 30

H Knee SNO3_test01
H = Knee SNO3_test02

H Knee SNO3_test03

Moment

Repeatability —

MCL elongation (mm)

0
202 46 810121416 182022242628 30

SNo2
500
450 H Knee SN02_test01
400 H = Knee SN02_test02
_ 380 H Knee SNO2_test03
£ a0
E 250
5om -
=
150 =
100 Repeatability 7
50
0
20 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
MCL elongation (mm)
SNO1, SNO2, SNO3
500
450 H = Knee SNO1
400 H = Knee SNO2
50 H Knee SN03 ]
2 300
T 250 &~
E 200
=
150 —
w b
- Reproducibility
50 [
0
20246 810121416 152022242628 30
MCL elangation (mm)

Flex-GT: Repeatability and Reproducibility Evaluation Test
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TEG-034

Flex-GT: Repeatability and Reproducibility Evaluation Test
- Assembly Test, Test setup -

Angular measurement tool

Leg suspension angle
15 deg.

Rubber 30

/ (5mm x3) ./
Neoprene
( (5mm x2) / Free fall
—
L Knee joint surface level

<

Put neoprene and rubber sheets
(5 sheets in total) on the impact
face.

Supporting rig

Flex-GT: Repeatability and Reproducibility Evaluation Test
- Assembly Test, Test results -

Flex-GT (Femur) | Three test results for sach impactor (SNO1, SNO2, SNO3)

——SND1 — SNO2 3N03
. 300
H £ 200 "IFemurﬁ
EZ 100 e
A T f
100
[} 10 20 30 40 50 60
Time (ms)
——SND1 — SND2 — SNO3
. 300
H £ 2 Hemur2
£z 10 L
=T 0
-100
[} 10 20 30 40 50 60
Time (ms)
——SND1_— SNO2 SNO3
. 300
£~ 200 HFemurt
ES w0 =
=
= 0
-100
0 10 20 30 40 50 &0
Time (ms)

Femur output: does not use injury assessment
(just check tool reliability)

Flex-GT: Repeatability and Reproducibility Evaluation Test
- Assembly Test, Test results -

Flex-GT (Knee) | Three test results for each impactor (SNO1, SN02, SNO3)

— 5N01 — 5NO2 SND3
c 20
£ = 15 [fKnesAcL
BE 1w
s spb—r--— ———
w [}
5
0 10 ) 30 40 50 60
Time (ms)
—SNO1 — SNO2 SND3
c 20
2 _ 15 {KneePCL
SE 10
£
§= s
] 0
< . | | | .
] 1 20 20 0 50 50
Time (ms)
——3S5NDi_— SNO0Z SNO3
c 20
2 . 15 {KnesMCL
2= il B =
2E ,,_—"
5
] o e
= , \
] 1 20 20 0 50 50
Time (ms)

Flex-GT: Repeatability and Reproducibility Evaluation Test
- Assembly Test, Test results -

Flex-GT (lela) Three test results for each impactor (SNO1, SNO2, SNO3)

——SND1 —SND2 — SND3
— 300
S = 200 HTibia-1
g; 100 — ——
-]
-100
0 10 Fi] 30 40 50 60
Time (ms)
—SNO1 ——SNO2 —SNO3
- 300
s = 200 [[Tbie2
E 100
S = ; | . e e
——
-100
0 10 E] 30 0 50 60
Time (ms)
——SNO1 —SHO2 ——5NO3
PO
@ = 200 [{Thia-3
gE
s ™ e
£ o L "
-100
a 10 20 30 40 50 60
Time (ms)
—SNO1 — SNO2 —5NO3
- 300
E = ™ | [Tibia4
EZ 0
< ———
= 0
-100
0 10 20 30 40 50 60

Time (ms)
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TEG-034

Car07D, Center < Flex-GT (SN01, SN02), H= base + 50 mm

Flex-GT(

Car07D, Center « Flex-GT (SN01, SN02), H= base + 50 mm

——Tibia-1. Flex-GT(SNOT) Tibia-1, Flex-GTISNO2) —Tibia-3, Flex-GT(SNOT) Toia-3, Flex-GT(SNO2)

500 s00
£ 40 = o
Z a0 =
< £ am
g 200 = § 200
§ 100 - o 5 R =
€ — - E - J— e
T ol 2o <
g -0 i % 100
& ;0 | & 200

20 200

] 10 20 30 40 20 0 0 20 20 0 50
Time (ms) Time (ms)
===Tibia-2, Flex-GT(SNO1) Tivia-2, Flex-GT(SNIZ) ===Tbia4, Flex-GT(SNO1T) Tibia-4, Flex-GT(SNA2)

500 200
=" £ 40
< a0 Z w
§ 200 B 2w >
£
g 1 R S g o0 N
E - — Z _ R
2 0 ~g 2 0 R e ’7‘ﬁ
E 100 | E 100 |
& 20 ‘ 2 200 |

00 200

0 10 20 30 40 50 0 o E £ 0 50
Time {ms) Time (ms)

Car07D, Center < Flex-GT (SN01, SN02), H= base + 50 mm

Knee output (Knee-ACL, Knee-PCL, Knee-MCL)

——rL Flex BTN ACL Flex GT(ENO2) ——MCL. Flex-GT(SND1) MCL, Flex-GT(SNOZ)
S =
2 Y
e : =
Em En
515 g1
5
g gn P
g =
£s = —— g5t ———7’-“'—/———————— ]
U i 4 & o) - -
5 } } =1 }
‘o 10
0 0 2 20 « 50 o 0 » a0 @ 50
Time (ms) Time (ms)
= w—FCL, Flex-GT(SNO1) PCL, Flex-GT(SNO2)
0
=
Ex
R
§
£ 10
3
HE — —
o ———m=x p
5
10
] 0 2 2 a 50

Time (ms)

Car07D, Center < Flex-GT (SN01, SN02), H= base + 50 mm

Femur output (Femur-1, Femur-2, Femur-3)

. ——Femur-1, Flex-GT(SNOT) Femur-1, Flex-GT(SNOZ) —emur-3, Flex-GT(SNDT) Femur-3, Flex-GT(SN02)
E s00
£ w0 < 4o
£ am £ am
= P c— =
5 2w 00
E g
g w ~ S 100 /__\_
o A = € o ——

2 —— = ~
B -100 = 8 -100 = ‘
& 200 & 200 |

300 300

0 10 20 El 40 50 o 0 ] E 0 £
Time (ms) Time (ms)
——Femur2, Flex-BT(SNOT) Femur-2, Flex-GT(SNOZ)

500
£ 40
£ am
H .

200 =
3 A
2 100
E yé -
-2l ~
g -100 ‘
& 200 |

200

[ ] 2 EY “ 0

Time (ms)

89



TEG-036

Test programme Flex-G and Flex-GTq s m

Repeatability (real car tests)

[ [ - m

L2a: (left end of number plate area) L1b:

three tests with Flex-GTa
one mirrored test (L2b)
one test with Flex-G

L3b: (left part of headlamp area) L2b:

three tests with Flex-GTa
one test with Flex-G

(bumper vertical bracing rib)
three tests with Flex-GTa
one mirrored test (L3a)

one test with Flex-G

(manufacturer's emblem)
three tests with Flex-GTa
one test with Flex-G

test results of all four impact points being tested three times were taken
into account (i.e. mirrored test points were not included)

assessment of the repeatability of test results for all four tibia strain gauges
and the ACL, PCL and MCL elongations

assessment of the standard deviation acc|ording to the requirements for
dummies (best practice):

Standard deviation
3% < 8 < 7% = acceptable

Oliver Zander April 2nd, 2007

Repeatability (real car tests)

Slide No. 6

[ ([ m

Repeatability - Conclusions

Oliver Zander April 2nd, 2007 Slide No. 23

1 m

Standard deviation [%]

30,00

26,00

20,00

15,00

10,00

o
(=4
&

0.00

1h
1h
3h4
1b )

120 [
1h

maximum tibia bending moments: SD between good and acceptable at all
impact locations

knee elongation: SD still acceptable in five cases (hereof three MCL
results)

repeatability for tibia sections significantly higher than for the knee
ligaments

additional tests under idealised impact conditions revealed a high
sensitivity of the knee ligaments towards even marginally changed impact
conditions (impact height, rotation)

further research on the variation of impact parameters needed

= = = ﬂ‘ﬂllu,,l = L)

§8§ 8888882444883 88588¢:288¢%54

P §zzziizzizZiiiiiiigziizziczi
ozq‘?".quququf:qqdqﬁdq'?"?qugd‘?<
z » 2 ¥ % 5 3 2 3z % .39 4z 404328230043 4
2 23 T ¥ ¥23g33ggeEascEgig
Oliver Zander April 2nd, 2007 Slide No. 24

Oliver Zander April 2nd, 2007 Slide No. 25
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Certification Procedure

e Mount the legform impactor to the certification rig, zero the
offsets, lift up the impactor to +15° and release

April 2nd, 2007 Dirk-Uwe Gehring Slide 2 @

Elongations of 52 Certifications

16,0

14,0 = .

12,0

8,0

Elongation (mm)

6,0

4,0

2,0

0,0

12345678 91011121314 151817 18 19 20 21 22 23 24 25 20 27 26 29 30 31 32 33 34 35 30 37 33 30 40 41 42 43 44 45 40 47 48 49 20 31 52

April 2nd, 2007 Dirk-Uwe Gehring Slide 4 @

Bending Moments of 52 Certifications

TEG-038 ;

140,0

120,0

-
o
k=]
[=]

@
=
o

@
L
[=]

Bending Moment (Nm)

'S
2
o

(]
L
[=]

Feme A3 ——Femw A FemrAl BT — =y p—" ey & p— Y

g
(=)

12345678 810111213141516177 181920212223 24252627282930313233 34353637 30 394041 4243 44 4546 47 48 49 50 51 52

April 2nd, 2007 Dirk-Uwe Gehring Slide 3 @

Summary

52 certification tests were performed during a test program
with vehicle and test rig impacts

The bending moments are comparatively constant

ACL and PCL show also “constant” histories with a
significant scatter

MCL seems to increase with number of tests

April 2nd, 2007 Dirk-Uwe Gehring Slide 5 @



Bending Moments (Nm)

Bending Moments (Nm)
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TEG-039

Preliminary Test Results with the Flex-GTa Preliminary Test Results with the Flex-GTo

FlexPLI and vehicle FlexPLI and vehicle

Sporttype vehicle: Bending Moments
Y +0; Y +220

Sporttype vehicle: Elongation
Y +0; ¥ +220

2 test positions; 2 + 2 tests per postion

450 7| MW Y-0-5 (25mm) MW Y-0-9 (25mm) 01— W Y-0-5 (25mm) B Y-0-9 (25mm)
= EY02 HY-0-14 — EY-2 HY-0-14

sso,g W Y+220-6 (26mm) W Y+220-10 (26mm) ®1  EY+220-6 (25mm) B Y+220-10 (25mm)
B mY+220-3 H Y+220-15 1 BY+2203 BY+220-15

2 test positions; 2 + 2 tests per postion

Elongation (mm)

Femur A3

Femur A2

Femur A1 Tibia A1 Tibia A2 Tibia A3 Tibia A4

El = measurement error

Preliminary Test Results with the Flex-GTa Preliminary Test Results with the Flex-GTa

FlexPLI and vehicle FlexPLI and vehicle

Sporttype vehicle: Elongation
Y -420;Y +420

Sportt hicle: Bending M t
bl g e i 2 test positions; 2(3) + 2 tests per postion

Y -420;Y +420
2 test positions; 2(3) + 2 tests per postion

L HY-420-4 (25mm)  HY-420-8 (25mm) M Y-420-12 (25mm)
WY-4204 (25mm)  WY-4208 (25mm) M Y-420-12 (25mm) ey =i W ¥2450-7 @6mm)
00 BY-420-13 W Y-420-1 WY+420-7 (26mm) B Y+420-11 (26mm) [ Y+420-16 B Y+420-17
350 W Y+420-11 (256mm) B Y+420-16 mY+420-17
300
o)

w
&
S

Elongation {(mm)

Femur A3

Femur A2 Femur A1 Tibia A1 Tibia A2 Tibia A3 Tibia A4

EI = measurement error

IEI = measurement error



Bending Moments (Nm)

Bending Moments (Nm)

TEG-039

Preliminary Test Results with the Flex-GTa

FlexPLI and test rig

Testrig: Bending Moments
impactor hit at different heights relative to the knee centre
5 different test positions; 3 test per postion

450 ETR+50mm-1 B TR+50mm-2 B TR+50mm-3
400 ETR+25mm-1 ETR+25mm-2 ETR+25mm-3
350 HTR 0mm-1 B TR 0mm-2 B TR 0Omm-3

ETR-26mm-1 ETR-26mm-2 ETR-26mm-3
HETR-50mm-1 BETR-50mm-2 ETR-50mm-3 I

300

250

200

150

Femur A3 Femur A2 Femur A1 Tibia A1 Tibia A2 Tibia A3 Tibia A4

Preliminary Test Results with the Flex-GTa

Inverse testing of the FlexPLI

Inverse testing: Bending Moments
impactor hit at knee centre
1 test position; 5 tests per position

450

400 4

Hinv-1 Hinv-2 MEinv-3 Binv-4 Minv-5

350 1

Femur A3 Femur A2 Femur A1 Tibia A1 Tibia A2 Tibia A3 Tibia A4

Preliminary Test Results with the Flex-GTa
FlexPLI and test rig
Testrig: Elongation

impactor hit at different heights relative to the knee centre
5 different test positions; 3 test per postion

a0

| BTR+50mm-1 ETR+50mm-2 B TR+50mm-3
2 BETR+25mm-1 ETR+25mm-2 ETR+25mm-3
——@TROmm-1 HETROmm-2 MBETROmm-3

E"T—®mTR-25mm-1 BTR-25mm-2 ©TR-25mm-3
5 B TR-50mm-1 BETR-50mm-2 HTR-50mm-3
2
I.I_Dl 10

5]

0

ACL PCL MCL
Preliminary Test Results with the Flex-GTa
Inverse testing of the FlexPLI
Inverse testing: Elongation
impactor hit at knee centre
1 test position; 5 tests per postion

30

2s—] Minv-1 Minv-2 Minv-3 Hinv-4 Minv-5
‘é‘ 20
E
3
S 15
®
g
5 10

54

04
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Tests with Golf (2)

Y=51 mm

=-357 mm

I July 2nd, 2007 Dirk-Uwe Gehring Slide 25

Test Results Golf Test Results Golf

Volkswagen Golf Bending Moments Volkswagen Golf Elongations

400 25
S e
350 = BAFGTG-51L-; B BAFGTG-511-2
g a OBAFGTG-51L-3
HIBAFGTE-35TR 20— {OBAFGTG35TR
- mroresme 1 siroro s
= a - =BAFGTG3STR3
5 BBAFGTG-357L B mEAFGTG-357L
= E
£ || E
§ 250 7
s s
= =
g 200 H g
H ]
8 £
E g 10
g 150 H
s =
=
100 H
54
s0 H
o L 0
Femur A3 Femur A2 Femur A1 Tibia A1 Tibia A2 Tibia A3 Tibia A4 McL
July 2nd, 2007 Dirk-Uwe Gehring Slide 40 31 I July 2nd, 2007 Dirk-Uwe Gehring Slide 41 e N
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Tests with Test Rig (3) Test Results Test Rig

Test Rig Femur Bending Moments

400
50 mBAFGTG 501
mBAFGTG 502
CIBAFGTG-50-3
300
= mEBAFGTG-25-1
Z DBAFGTG 252
§ 250 mEAFGTG 253
H
3 WEAFGTGO-1
£ 20 mEBAFGTGO-2
H DBAFGTGO-3
£ 150 mBAFGTG25-1
% mBAFGTG2S.2
H WEBAFGTG25-3
100
BBAFGTGS0-1
DBAFGTGS0-2
50 oBaFGTGS03
0

Impact height 0 mm: Centre of knee in line with upper edge of second foam piece Femur A3 Femur 42 Femur A1

July 2nd, 2007 Dirk-Uwe Gehring Slide 33 &_‘_:f}ﬂﬁ I July 2nd, 2007 Dirk-Uwe Gehring Slide 47 L&%‘:ﬁ‘lﬁ

Test Results Test Rig Test Results Test Rig

Test Rig Tibia Bending Moments Test Rig Elongations

400 P
350 EBAFGTG-50-1 B BAFGTG-50-1
mi. W BAFGTG-50-2 W BAFGTG-50-2
- OBAFGTG-S0-3 20 O BAFGTG-50-3
300 1
7 WBAFGTG-25-1 W EBAFGTG-25-1
é I D BAFGTG-25-2 L= O BAFGTG-25-2
§ 250 = H mEBAFGTG-253 H 15 mEBAFGTG 253
- <
I3 H 2
fll _ W BAFGTGO-1 i W BAFGTGO-1
% 200 H H H mBAFGTGO-2 5 W BAFGTGO-2
i OBAFGTGO-3 w O BAFGTGO-3
E
£ 210 H
; 150 H tH = WEBAFGTG25-1 - W BAFGTG25-1
3 WEBAFGTG25-2 3 W BAFGTG25-2
= W BAFGTG25-3 W BAFGTG25-3
100 H 1 n
W BAFGTGS0-1 5 W BAFGTGS0-1
OBAFGTGSD-2 OBAFGTGSD-2
s0-H tH = OBAFGTGSD-3 OBAFGTGSD-3
o T T T 0
Tibia A1 Tibia A2 Tibia A3 Tibia Ad ML

- s F. "
(W e
July 2nd, 2007 Dirk-Uwe Gehring Slide 48 &‘:ﬁﬁ I July 2nd, 2007 Dirk-Uwe Gehring Slide 49 &fﬁﬁ



Test Results Inverse Tests

Maximum Bending Moment [Nm]

400

300

200

Inverse Tests Bending Moments

July 2nd, 2007

TEG-043

Inverse Tests (2)

OBAFGTIA1
WBAFGTI-2

OBAFGTI-3

OBAFGTI-4
WBAFGTI-S

Femur A3

July 2nd, 2007

Femur A2

Femur A1

Tibia A1

Dirk-Uwe Gehring

Tibia A2

Tibia A3

Slide 50

Tibia A4

Q

Impact height: Upper edge of
aluminium honeycomb in line with

centre of knee

Dirk-Uwe Gehring

Slide 35

| Test Results Inverse Tests

Inverse Tests Elongations

25
OBAFGT-1
WEBAFGTI-2
2 OBAFGTI-3
OBAFGTI4
mBAFGTI-S
T
E
e 15
s
k-
2
El
w
£
g 10
5
[
ACL PCL MCL
I July 2nd, 2007 Dirk-Uwe Gehring Slide 51
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| Certification Results '

Certifications: Femur Bending Moments

4000

Bco1 Ocoz Oco3 Mcos Ocos Mcos Oco7 Mcos Bcos Oc 1o @c 11 Mc 1z Mc13 Mc14 Mc15 Ecie Oc17

mc 35 mC 3

3500 Hoc 18 OC 18 IC20 @G 21 MG22 OC23 WMC24 EGC25 BC26 OC27 MC28 MC20 MC30 BC31 MC32 MC33 NG
WC 37 MC33 WMC30 OC40 MC41 BC42

300,0

1
th
e
o

Flex GTa Flex GT

Flex GTa Flex GT Flex GTa Flex GT

- ~C o

o
e
o

~ ~ 0

Maximum Bending Moment
I
5]
8
&)

100,0

50,0

0.0 n
Femur A3

July 2nd, 2007

Certification Results

JJ
LG5

Certifications: Tibia Bending Moments

4000

500 | ([mC01OCO20CO3MCO4 OCOSMCO6 OCOTMCOE MC08 OC10 OC 11 MC12 mC13 mC14 mC15@C16 0CHT| |

: Ooc18OC19 0CA OC2 IC2 OC2B ECHM BEC2S AC26 OCT AC2B BC29 BC30 EC31 MC32 BC 33 mC34

WC35mC 36 WC37 mC33 mC3% 0C40mC41 mC42

3000
£
)
€ 2500
£
5
=
g
g o FlexGTa  Flex GI FexGla — Flex GI FlexGla  FeX Gl FexGla — Fex Gl
@ AL k A A A A A A
H 4 al g r A e Al
g 1500
"
H
=

1000 | | |

0.0

Tibia A1 Tibia A3

July 2nd, 2007

Dirk-Uwe Gehring Slide 57

Dirk-Uwe Gehring

T

Femur A2 Femur A1 N
Slide 56 &‘jﬁ%gy
e = JJ
Certification Results I3

Certifications: Elongations

25,0
ECHoCi2OociECHOcCIimCisoCoT mCismcofociioc 1 mCci2mCc 12 mC 14 mC15@C 16 OC 17
OC180C19OC20 AC21EC2 OC23 BC24 AC25@C280C27 DC26 @C29 MC30 @C31 MC32 MC33 MC 34
EC35mC 36 ECITECEmMC3IOC40mC4l @42
200
Flex GTa Flex GT
£ FL\
E
g 150 E
5 _ T
H
w
E
£ 100
E Flex GTa Flex GT Flex GTa Flex GT
A A A A
e ™ ' ™
50 —
0.0
AcL PCL MCL
JA?
July 2nd, 2007 Dirk-Uwe Gehring Slide 58 L%.‘j;i_-
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TEG-043

Conclusions (2)

e Testresults of a “good” performing vehicle with WG 17
legform were confirmed by Flex PLI. Function on a
‘marginal” performing vehicle has to be checked.

e FlexPLI is compatible with current passive pedestrian
protection features in general. Active systems such as
deployable bonnet systems require further investigation.

=
July 2nd, 2007 Dirk-Uwe Gehring Slide 83 .
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Simplified Car (Photo)

Overview

BLE: Bonnetleading edgs
BP: Bumper
SP: Spoiler

Close view

TEG-045

Comparisons
Kinematics

TO1 |

TO2 §

TO3 g

TO4 §

T0S

TO6

99



TEG-045 -

Comparisons
Maximum Values (excludes T01 (40.7km/h) test result)

aoTo2 aoTo3 OTD4 OTos OToE OT0D2 0OTO: 0OTO4 OTOSs OTOE
400 20
350 S— 18
E T [ 16 T T
< 300 =)
E- - E 14 H
= =50 — N 5 12 |
. — - =
T 200 m - || | | T 10 |
5 2 4 LM |
E 150 — — — — [
& g
£ & B M H
= 100 — — — - i
3 ‘H 1
D 1 1 1 1 1 1 U 1 1
Femur-3 Femur-2  Femur-1 Tibia-1 Tibia-2 Tibia-3 Tibia-4 knes-ACL  Knee-PCL  Knee-MCL
Femur-32 Femur-2 Femur-1 Tibia-1 Tibia-2 Tibia-3 Tibia-4 Knee-ACL Knee-PCL Knee-MCL
Awg. (Mm) 144 24 234 335 268 207 132 Avg. (mm) 85 35 16.1
SO (Mm) 4.386 4.87 3.04 4.02 252 233 1.60 SD O (mm) 0.24 0.07 0.23
cv 3.0% 2.3% 1.3% 1.2% 0.9% 1.1% 1.2% CcN 2.9% 1.9% 1.5%
Assessment  Good Good Good Good Good Good Good Agsessment Good Good Good

5D: Standard dewiation, CV: S0HAwg
Good: less than 5%. Acceptable: from 5% to less than 7 %. Marginal: from 7% to less than 10 %, Mot Acceptable: over 10 %
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Step 4: Assembly (Femur-Knee-Tibia)

Dynamic Calibration Test

.

Pin joint

FELEONS 1D
061 €ONS-19
6ZLEONS-1D

SZL-ZONS-19
LZLTONSID
STL-ZONS 1D

STLZONS 1D

PZL-HONS-LD
€ZL-HONS-1D
ZZL-LONS LD
IZL-HONS 1D
0ZL-LONS-1D
BLL-HONS-LD
SLL-HONS-1D
LLLTHONS-1D
SLL-HONS-LD

SILZONS-LD
FELEONS LD
€1L-ZONS-1D
ZHLEONS-LD
LLLZONS 1D

0LLHONS1D
GOL-HONS-1D
S0L-HONS"1D
LOLHONS-19
SOL-LONS19
SOL-HONS"19
FOL-LONS-19
£OL-HONS"1D
Z0L-LONS-19
10L-1ONS-19

Put neoprene and rubber sheets
(5 sheets in total) on the impact
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[ d
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Supporting rig

Step 4: Assembly (Femur-Knee-Tibia)

Step 4: Assembly (Femur-Knee-Tibia)

Dynamic Calibration Test

Dynamic Calibration Test

¥ Evaluate measured values

v Evaluate measured values

oo
28
z 3
m,w,
[
86 g
A
o B
I
885k
o)
nfgag
58 8
Fiii 1
[
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d
q
o
4
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F 88 88 g geesr
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=
u
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]
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-
S_m, "
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885
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[
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o
1]
-]
i
a
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[ ]
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-]
]
i
-]
!
i
.
I
i
i
]
= = = = 2 o o
§ 38 838 88 &2 ¢8E¢8

(W) “xew- wawopy

JELEONS LD
0SL-EONS LD
6ZL-EONS LS

SZL-ZONS-LD
LZL-ZONSLD
9ZL-ZONS-LD

STLZONS LD

YTLIONS LD
£Z1-LONS LD
L IONS LD
LZL-LONS LS
0ZL-HONS 1D
BLL-LONS LD
SLLIONS 1D
LI ONS 1D
SLLIONS 1D

SHLZONS LD
FLLZONS LD
£LLZONS LD
ZLL-ZONS LD
FLL-ZONS LD

0LL-KONS 1D
E0L-LONS LD
S0L-LONS LD
101 LONS 1D
90L-LONS LD
S0L-LONS LD
FOL-LONS LD
£0L-LONS 16
Z01-LONS LD
L0L-LONS LS

IELEONS LD
0ELEONS-1D

62LEONS-LD

$ZL-ZONS-LD
LZLZONS LD
STL-TONS-LD
STLZONS LD

$ZL-LONS LD
EZL-HONS-LD
ZZL-LONS-LD
IZL-HONS LD
OZL-LONS-LD
BEL-HONS-LD
85L-HONS LD
LLL-LONS-LO
9L HONS-LD

§ELZONSLD
¥ELZONS-LD
€EL-ZONS-LD
ZELEONS LD
LELZONS 19

OLL-HONS"19
G0L-MONS19
S0L-MONS™19
LOL-HONS-19
SOL-LONS-19
SOLHONS"19
POL-LONS-LD
SOL-HONS"19
Z0L-LONS"1D
10L-1ONS"19



102

TEG-047

Step 4: Assembly (Femur-Knee-Tibia)

Assembly (Femur-Knee-Tibia)

Dynamic Calibration Test

Step 4

Dynamic Calibration Test

p.

v Evaluate measured values

¥ Evaluate measured values

)

(GT_SN01-03)

{
= Tentative Corridor_L (GT_SN01-03)

—— Tentative Average (GT_SNO1-03)

Tibia 2
Tentative Corridor_U

400

350

300

2 8 8
g8 R 8

() xepy- uswopy

e Tibia1

Tentative Corridor_U (GT_SN01-03)
Tentative Corridor_L (GT_SN01-03)
Tentative Average (GT_SN01-03)

400

350

2 8 B
g & B

(LN} ei- uswop

LELEONSLD
0£L€ONS-LD
6ZLEONS-LD

STLEONSLD
LZI-TONS-1D
9TLTONS-LD
STLEONS-LD

PZLIONS LD
£ZL-IONS-1D
ZTLIONS-LD
LZLAONS LD
OZLHONS-LD
BLLIIONS LD
BLL-LONS-1D
LLL7BONSLD
SLLIONS LD

§1L-ZONS-LD
PLLIZONS-1D
£LLZONSLD
ZLLIZONS LD

FLLEONS LD

0LLIONS-LD
BOLEONS-LD
BOLIONS-LD
LOL-LONS-1D
S0L-IONS-LD
SOLIONS-LD
POLEONS-LD
SOLIONS-LD
ZOL-LONS-LD
FOLHONS LD

FELEONS 1D
DELEONS-1D
BZLEONS- 1D

SZTLTONS-1D
LELTONS-1D
9ZLZONS-1D
SZLTONS 1D

PZLIONS LD
ETLIONS-LD
ZZLIONSTLD
FELIONS AT
0ZL*LONS™1D
BLLIONS LD
BLLIONS1D
LELIONS-LD
SLLIONS 1D

§LLZONS LD
FLLZONS- 1S
£LLTONS-LD
TLLTONS1D
FELZONS 1D

0LLLONS-1S
BOLIONS LD
SOLLONS- 1D
LOLHONS-LD
90L-IONS-19
SOLIONS1D
POLLONS LD
EOLLONS 1D
ZOLHONS-LD
LOLIONS 19
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¥ Evaluate measured values

¥ Evaluate measured values
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PELEONSLD
OELEONS-1D
BZLEONS LD

SZLTONS-1D
LZLEONS-LD
9ZLTONS-LD
SZLTONSLD

PELIONS-LD
£ZLIONS-LD
ZZLIONS-1D
LZL-IONS-LD
0ZLLONS"1D
BLLIONS-1D
BLLIONS-LD
LLLIONS-1D

SLLLONS 1D

§LLZONS-1D
FLLZONS LD
£LLTONS LD
ZELTONS LD
FELZONS-LD

OLLIONS 1D
BOLIONS LD
SOLLONS-1D
LOLIONS-LD
S0LIONS-LD
SOLLONS-1D
POLLONS LD
£OLIONS-1D
ZOLHONS-1D
LOLIONS-1D

FELEONS-1D
DELEONSLD
BZLEONS-1D

SZLTONS-1D
LZLTONS-LD
9ZLTONS-1D
SZLTONS-1D

PZLIONS-LD
£ZLIONS-LD
ZZLIONS-1D
LZLUIONS LD
0ZLLONS 1D
6LLIONS-1D
8LLIONS-1D
LLLLONS-1D

9LLIONS 1D

§LLZONS-LD
¥LLTONS 1D
ELLTONS-1D
ZLLTONS LD

LLLZONS-1D

OLLIONS-1D
BOLLONS 19
SOLIONS1D
LOLTIONS-1D
SOLIONS-1D
SOLIONS-1D
POLLONS LD
EOLIONS-1D
ZOLHONS-1D
LOLIONS-1D
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v Evaluate measured values

¥ Evaluate measured values
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FELEONS-1D
OELEONS-19
BZLEONS-LD

BZLTONS-1D
LTLTONS LD
9ZLTONS LD

SZTLTONS-LD

FZLHONS-LD
EZLLONS 1D
ZZLHONS LD
LZLLONS-1D
0ZLHONS LD
BLLLONS LD
SLLIONS LD
LLLHONS LD

OLLLONS 1D

GLLZONS LD
FLLTONS LD
€LLZONS-LD
ZLLTONS-LD
LLLZONS 19

OLLLONS 1D
BOLHONS LD
BOL-LONS-1D
LOLIONS-LD
SOLLONS-LD
SOL-LONS-LD
POLTLONS LD
EOLLONS=LD
ZOLHONS-LD
EOL-LONS1D

FELEONS LS
0EL€ONS-LD

BZLEONS-LD

6ZL-ZONS-LD
[ZLTONS-LD
SZLZONS-LD
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$ZL-IONS-LD
EZL-IONS-LD
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FZLHONSLD
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B0L-LONS-LD
SOLIONS LD
I0L-LDNS1D
SOL-IONS-1D
SOL-EONS LD
POL-LONS-1E
COLEONS LD
Z0L-LONS-LD
LOL-LONS LD

-

Step 4: Assembly (Femur-Knee-Tibia)

Dynamic Calibration Test

¥ Evaluate measured values

a MCL

_U (GT_SN01-03)
Tentative Comidor_L (GT_SND1-03)

Tentative Corridor_U

Tentative Average (GT_SN01-03)
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0ZL-LONS-LD
BLLHONSLD
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SELCONS-LD
FLLEZONS LD
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ZLLEONS LD

FLZONS-1D

OLLHONS LD
BOL-LONS-19
SOL-LONS-LD
20L-LONS-1S
SOL-HONS LD
SOL-LONS-1D
FOL-HONSLD
£OL-ONS LD
20L-LONS-LD
FOLHONS LD



Certification tests —

Impactor variation =Emm—m bast

TEG-051

Certification tests — Impactor variation = m

Certification procedure:

+ Three different legform impactors (SN02, SN03, SN04)
+ Three certification tests with each impactor \\‘D

+ Assessment of repeatability and reproducibi!®=v \\ﬁ,ertlflcatlon test
tesults

Oliver Zander December 7th, 2007 Slide No. 6

Certification tests — Summary

Max. Bending Moment [Nmj

104

1 I m

Test results - repeatability: Repe?to?bility - CV [%]:
2000
S
_ 15,00 o o ey
i :a\)\
z 10,00 \ 6
q 5,00 2 “ q‘
7. 5 : \0\ P
good
wwaht wwah? \ \\ ach pc et 0,00 -, ..u\‘\..--lllllllllllllllllll
) LETEELD ‘p,\ DIDOL DO DOLDR N b dbe o
Each Iegform ity v with very similar, almost identical test d{%& oE‘ﬁﬁ?‘fi‘;‘"} #\ﬁyﬁgﬁfﬁg@fﬁ?' 5% .*.3“‘5”&°%*‘}°°°"°§;”-;;'@6*’9*
results \ = g 2 o ,: ’5?6 aF ﬁ 4.9:2?%# o «%"’ﬁf“f’f k 9. sé?g.{;;‘k”\D 2
k- = = - S n« < LA
Sllgh\‘{;‘fﬁe.ences in test results from impactor to impactor . Good (peatablllty for most segments
+ Very good repeatability except the ACL/PCL results of SNO3 due to + SNO04 shows for test setup OP-NS an acceptable repeatability for two

the first test (Certification test 4) tibia segments
+ SNO3 with unacceptable repeatability for ACL and PCL ligaments

(caused by the results of the first test)

Oliver Zander

December 7th, 2007 Slide No. 7 Oliver Zander December 7th, 2007

Slide No. 13



TEG-051 -

Inverse tests — Test procedure o m

!

. FIex-GT‘@as impacted by the upper edge of a linearly guided Al
honeycomb impactor (mass: 8,1 kg) at an impact speed of 40 km/h

+ Impact location: upper edge of the honeycomb in line with the center of
the knee

Oliver Zander December 7th, 2007 Slide No. 15
Inverse tests — Impactor variation (Sl M Inverse tests — Summary o m
Test results - repeatability: Repeatability - CV [%]:

14,00
3000 e i

@

12,00

@

8,00

E

M. Bencing Moment [Nim]
a

8,00

400

T \(\'.3‘
+ Each legform it a 2" with quite similar tibia and MCL test 20 2
results. bu*' 24 a high scatter within ACL/PCL results i - r(
g Dlﬁer:( in ACL test results also from impactor to impactor
¥ i 6;@’\ ﬁpa‘w#;g«s‘##@a,&’&fﬁf ;’
+ Good repeatability for tibia and MCL results €
+ Good repeatability for a high number of segments

+ Repeatability of ACL and PCL ligaments significantly lower and partly
unacceptable

T ST T

v
o
962?\,\9@

+ Repeatability for ACL and PCL ligaments partly unacceptable

Oliver Zander December 7th, 2007 Slide No. 16 Oliver Zander December 7th, 2007 Slide No. 19



Summary and next steps

TEG-051

T m

1)

Certification tests:

In general good repeatability of test results

Slight variation of test results from impactor to impactor

I tibia, mcL) > T (acL, PcL) o
I (acL, pcL) SOMetimes unacceptable despite elimination of km\a}ﬁht

R good except ACL and partly PCL results 6 D

No significant influence of test setup variatioi, on ;\gament results

Replacement of cross beam padding d}ﬂ;s 1) have a small effect on
bending moment results = peicitiyn padding replacement recommended

\

\
Inverse tests: \\\\

In genera’ - n¢ ‘né:atability of tibia and MCL test results
r (tibia, MCL) 6 (ACL, PCL)
ACL characteristics vary from impactor to impactor

R (tibia, mcL) 900d

Very high scatter of ACL results

Oliver Zander December 7th, 2007 Slide No. 21
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TEG-063 -

Tests Performed Repeatability

2002 Mazda 2005 Honda CR-V

Miata 3 tests: Mazda Miata, Center impact, 75 mm impact height
Center Outboard Center
7 3 347 mm from center Femur Tibia Knee ligamem
. Bending Bending Moment elongations
Moment N-m mm
N-m

Standard
deviation

Coefficient of
Variation 05 | 4.8% | 2.0% | 4.3% | 1.0%

* Each location: 25 mm / 75 mm above ground reference
level

* Two additional tests performed on Miata at 75 mm for

Summary

» Test experience and repeatability
— Improved axial rotation with new roller support
— Excellent repeatability

* Injury evaluation

— Flex GT results ranked severity of impacts similarly
to TRL testing but indicated higher injury severity

— At least one Flex GT proposed injury limit exceeded
for all three impact locations for 25 mm impact
height

— Effect of raising impact height to 75 mm varied
« Damage and durability
— Several minor issues but no catastrophic damage

— Need to test more aggressive vehicles to evaluate
durability for US fleet
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TEG-064

Test Setup

Test Record

Test Number Date Time Ci its
CERTO1 2/13/2008 | 9:16 AM  |Trial Test - TibiaAS & PCL Failed Comdor
CERTO2 2/13/2008 | 10:08 AM |Trial Test - TibiaAS & PCL Failed Cormidor
CERTO3 2/13/2008 | 2118 PM |Trial Test - TibiaAS & PCL Failed Corndor
CERTD4 2/15/2008 | 10:01 AM |Added Redundant TibiaB3, Trial Test - TibiaA3 & PCL Failed Carridar
CERTOS 21572008 | 10:07 AM |Bags Removed
CERTOE 218/2008 [ 10:27 AM |Bags &3 mm Spacers Remaved
CERTO? 2/15/2008 10:52 AM _|Spacers Removed, Pre CRVD1 Test
CERTO3 21222008 9:26 AM __|Bags Put Back On, Post CRVO1 Test, Pre CRVO2 Test
CERTDZ 2/26/2008 | 1:51PM |Post CRVOZ2 Test
CERTIO 20262008 | 300 PM _ [Wrapped Connection Balt in Electrical Tape
CERTIN 2/26/2008 326 PM [Pre CEVOS Test, Wrapped New Connection Bolt in Electrical Tape & Added Side O-Ring
CERT12 2/29/2008 | 9:47 AM_|Post CRVO3 Test
CERTI3 - No test CERT13
CERT14 34472008 9:18 AM  [Post CR-V FD4, changed 1o plastic bolt to fix legform to fixture.
CERTI5 34472008 341 PM |Added accelerometer and returned to original bolt.
CERT1B 34572008 748 AM  |Returned to plastic bolt
CERT17 3/12/2008 | 1:36 PM |Following speed shots, prior to MIATA FO1
CERTIS 3/13/2008 1:03 PM__|Following MIATA FO1
CERT1S 371472008 8:17 AM  [Before MIATA FO2
CERT20 3/16/2008 7850 A |Following MIATA FO2, Before MIATA FO3
CERT21 371972008 6:43 AM_|Following MIATA FO3, Before MIATA FO4
CERT22 3/20/2008 | 9:08 AM _|Following MIATA FO4
185 160
__ 180 155 | AVG
zg 175 E 150
= 170 £ 145
-
S 185 £ 140
g 160 E 135
o
= 155 = 130
-—
|-
5 150 ‘E 125
GE, 145 E 120
(7]
w140 - 115
135 T T T T T T T T T T T T T T T T T T T 110 T T T T T T T T T T T T T T T T T T T T T 1
TN O T DNDONO DO —ANTWDOMNDODO — — N MY WD ONODO —NTDONDDO N
EEEEEEEEEEEEEEEEEEEEY 22E22E2EE8EE8TEEEEEEEEEEY
Q0 000000 00 000000000 00 O 0 OO0 OO OO OO O OO OO OO OO OO
OO 0000V LLOLOLLOLLLLOLOLOLOOOO OO0 000000V LOULULLDLOLOOLO
Test Test
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TEG-064

ACL
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TEG-064

Tibia A2

Tibia A1
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Tibia A4

Tibia A3
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TEG-064
Summary

« Certification test does not seem to be sensitive

to any of the following:

— Rig connection/support

— Impact plate width

— Release method

— Offset method
 |solation of leg from rig seems to help reduce

noise iIn moment signals

« Certification data was very repeatable, but did
not always fall within the provided corridors



TEG-071 -

FLEX-PLI-GTR dynamic calibration

FLEX-PLI-GTR dynamic
calibration set-up

_?"as:emblz f°: tmmpc": _ 188011.02  [TEST #1 on Leg assemble #1

op bar and release mechanism

T P ot mini | 188012.02 [TEST #2 on Leg assemble #1

op pivot minimum pla:

Acfu':ate hsilian bZIty 188013.02 [TEST #3 on Leg assemble #1, stopper block #1

[ 188014.02 [TEST #4 on Leg assemble #1, stopper block #2

Hinged brackets off board cables 188015.02 TEST #1 on Leg assemble #2, stopper block #2

10 deg inclined stopper bar 188016.02 [TEST #2 on Leg assemble #2, stopper block #1

5kg calibration mass bottom femur 188017.02 [TEST #3 on Leg assemble #2, stopper block #2
188018.02 [TEST #4 on Leg assemble #2, stopper block #1
188019.02 [TEST #5 on Leg assemble #2, stopper block #1
188020.02 [TEST #1 on Leg assemble #3, stopper block #1
188021.02 [TEST #2 on Leg assemble #3, stopper block #2, (sol 2, 15.1 deg)
188023.02 [TEST #4 on Leg assemble #3, stopper block #1, (sol 2, 15.1 deg)

’First Technology 13 ’Eim Technology

Summary dynamic calibration

[TEST #1 Leg #1 75.1[ 177 [ 135 [ 90 | 246 | 201 | 160 [ 108 [ 8.03 | 22.4 | 4.29[4.99
TEST #2 Leg #1 82.9 | 181 | 138 | 92 | 247 | 201 | 160 | 109 |8.59 | 22.5 | 4.33 [4.41
TEST #3 Leg #1, block #1 822 | 179 | 136 | 91 | 245 | 200 | 159 | 108 |8.61 | 22.4 | 430 |4.37
[TEST #4 Leg #1, block #1 78.7 | 175 | 135 | 90 | 241 | 195 | 156 | 106 | 8.64 | 22.5 | 4.24 (4.38
TEST #1 Leg #2, black #2 74.0 [ 175 | 134 | 90 | 235 | 197 | 152 | 106 |8.16 | 22.2 | 4.30[4.85
TEST #2 Leg #2, black #1 69.2 | 177 | 135 | 92 | 241 | 199 | 153 | 107 | 7.79 | 22.4 | 4.42[5.26
TEST #3 Leg #2, black #2 716 | 181 | 137 | 94 | 245 | 204 | 158 | 111 | 7.89 | 22.4 | 4.46 |5.25
TEST #4 Leg #2, block #1 721176 | 135 | 92 | 241 | 199 | 153 | 107 |7.84 | 22.4 [ 4.44[5.22
TEST #5 Leg #2, block #1 733 [ 183 | 140 | 96 | 248 | 205 | 158 | 110 |7.87 | 22.5 [ 4.48[5.18
[TEST #1 Leg #3, block #1 77.2 183 | 138 | 91 | 239 | 204 | 170 | 107 | 8.34 | 22.3 | 434 [4.90
EST #2 Leg #3, black #2 753 | 183 | 138 | 91 | 241 | 205 | 171 | 108 |8.30 | 22.4 | 4.40 |4.95
TEST #4 Leg #3, block #1 71.8 | 183 | 138 | 91 | 242 | 204 | 171 | 109 |8.17 | 22.4 | 4.43 |5.12
- o -

e EEE R A P P A R R E:
GEs§ R E R R EEEE I R R AR AR
&%= TG E|-8|"8|"E|"E|"8 2| 3| & |8

Average| 75.3 [179.4[136.7] 91.6 [242.5(201.1(160.0[108.0] 8.19 | 22.4 [ 4.37 |4.91

St.Dev 42 |31 |19 |17 |37 (33|68 |15 |03 ]| 01 |01 ]03

cv[%] 56 | 1.7 [ 1.4 [ 1.9 [ 15|16 | 43|14 [38] 03 [ 1.8 [7.0

Criteria 300 | 300 | 300 [ 300 [ 300 [ 300300 11 [ 20 [ 20 |11

St.Dev/ Criteria [%] 10 |06 (06 |12 |11 |23 | 05|28 | 04 04 31




Test Rigs, contd. E

Assembly Pendulum type
Calibration Test Rig (Type 2)
(can accommodate Flex-GTR-proto only)

E1: Repeatability of the Flex-GTR-prototype

Assembly Pendulum Test Series
Impactor: Flex-GTR-proto SNO02]

Test Method: Flex-GTR-proto. (assembly, pendulum)
Test Rig: Flex-GTR-prota. (assembly, pendulum)

TEG-072

Max. values™
Tibia-1 Tibia-2 Tibia-3 Tibia-4 Knee-ACL Knee-PCL Knee-MCL

(Nm) (Nm) (Nm) (Nm) (mm) (mm) (mm)

Flex-GTR-proto. (SNO2), P4 2539 2011 1603 106.8 8.28 497 226

Flex-GTR-proto. (SN02), P5 2474 203.1 1574 110.0 8.24 490 225

Flex-GTR-proto. (SNO2), P6 246.7 202.8 1577 109.9 8.20 485 225

Avg. 2493 2023 1585 1089 8.24 491 225

St. Dev. 3.97 1.08 1.59 1.82 0.04 0.06 0.06

CV (%) 159 0.53 1.01 1.67 0.49 1.23 0.26
Judgement

t-IARV* 318 318 318 318 12.7 12.7 20

St.Dev.A-IARV (% 1.25 0.34 0.50 0.57 0.31 0.47 0.29

Judgement
Judgements

* t-IARV: Tentative Injury Assessment Reference Values
** Injury assessement items and monitoring items were evaluated

Acceptable: 3% < and < 7%

A Infiry = Monitoring
e Items.

Marginal: 7% < and < 10%
Not Acceptable: > 10%

E1: Repeatability of the Flex-GTR-prototype

Dynamic Assembly Pendulum Test Series

Impactor: Flex-GTR-protot: SNO1
Test Methad: Flex-GTR-prota. (assembly, pendulum)
Test Rig: Flex-GTR-profo. (assembly, pendulum)

Max. values**
Tibia-1 Tibia-2 Tibia-3 Tibia4 Knee-ACL Knee-PCL Knee-MCL
(Nm) (Nm} (Nm) (Nm} (mm) (mm} (mm)
Flex-GTR-proto. (SNO1), P1 239.7 194.0 154.9 106.4 8.19 41 224
Flex-GTR-proto. (SNO1), P2 2412 1936 152.8 104.1 7.85 462 223
Flex-GTR-proto. (SNO1), P3 2418 193.6 153.4 1045 8.10 441 224
Avg. 2409 1937 153.7 105.0 8.05 438 224
St. Dev.  1.08 023 1.08 1.23 0.18 0.26 0.06
CV (%) 045 0.12 0.70 1.17 2.19 5.85 0.26
Judgement|
+RAY 318 318 318 318 127 127 20
StDev/tIARV (%)  0.34 0.07 0.34 0.39 1.39 202 029
Judgement!
) Judgements
* tIARV: Tentative Injury Assessment Reference Values _
** Injury assessement items and monitoring items were evaluated

[ Marginat: 7% < and < 10% |

Tnjury -
Assessment
ltems
Items

E1: Repeatability of the Flex-GTR-prototype
Assembly Pendulum Test Series

Impactor: Flex-GTR-prototype (SN03
Test Method: Flex-GTR-proto. (assembly, pendulum)
Test Rig: Flex-GTR-proto. (assembly, pendulum)

Not Acceptable: > 10%

Max. values™
Tibia-1 Tibia-2 Tibia-3 Tibia-4 Knee-ACL Knee-PCL Knee-MCL
(Nm) (Nm) (Nm) (Nm) (mm) (mm) (mm)
Flex-GTR-proto. (SNO3), P7 2358 197.7 165.5 105.9 8.09 4.83 223
Flex-GTR-proto. (SNO3), P8 236.0 198.5 166.3 105.6 7.31 5.57 223
Flex-GTR-proto. (SN03), P9 245.1 2069 1734 110.8 227
Avg. 2390 201.0 168.4 107.4 224
St.Dev.  5.31 5.10 4.35 2.92 0.23
CV (%) 222 2.54 2.58 272 1.03
Judgement]
1-IARV* 318 318 318 318 12.7 12.7 20
SLDev./HIARY (%) 1.67 1.60 1.37 0.92 4.52 3.11 1.15
Judgement
Judgements

* +ARV: Tentative Injury Assessment Reference Values
** Injury assessement items and menitoring items were evaluated.

Acceptable: 3% <and < 7%

. ) : Monitoring
Items
Items

Marginal: 7% < and < 10%
Not Acceptable: > 10%
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Test ngs contd

Simplified Car: Type 1
Photo

Overview

E2: Reproducibility of the Flex-GTR-prototype

Simplified Car Test Series

Impactor: Flex-GTR-prototype (SNO1. SN02. SNO3
Test Method: Subsystem (Free fright)

Test Rig: Simplified Car (Type 1)

TEG-072

Max. values™

Tibia-1 Tibia-2 Tibia-3  Tibia-4 Knee-ACL Knee-PCL Knee-MCL

{Nm) (Nm}) (Nm) (Nm) ({mm) (mm) (mm)
Flex-GTR-prot (SNO1), 51 3172 2585 2147 1217 781 654 192
Flex-GTR-prot (SN02), Avg ™™ 3421 2779 2310 1455 828 672 193
Flex-GTR-prot (SN03), 56 3309 2756 2406 1408 7.80 671 19.1
Avg. 3301 2707 2288 1380 796 666 192
St Dev. 1247 1060 13.09 922 027 0.10 0.10
CV (%) 378 392 572 568 344 152 0.52
Judgement A A AC A — Good  Good _
LIARV:__ 318 318 318 318 127 127 20
StDev/tIARV (%) 392 333 212 2.90 216 0.80 0.50

Judgement A A

* tIARV: Tentative Injury Assessment Reference Values
** Injury assessement items and monitering items were evaluated.

Judgements

Acceptable: 3% <and < 7%

*** Flex-GTR-proto (SNO2), Avg.: Average data of S2-55
Injury _
ent Monitoring
s3 Items
ltems

Marginal: 7% < and = 10%
Not Accepiable: > 10%

Conclusions |

B g
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E1: Repeatability of the Flex-GTR-prototype

Simplified Car Test Series

Impactor: Flex-GTR-prototype (SNO2|
Test Method: Subsystem (Free fright)
Test Rig: Simplified Car (Type 1)

Max. values™
Tibia-1 Tibia-2  Tibia-3  Tibiad4 Knee-ACL Knee-PCL Knee-MCL
(Nm) (Nm) (Nm) (Nm) (mm) (mm) {mm)
Flex-GTR-prot. (SN02), 2 3382 276.3 2217 477 8.32 6.52 193
Flex-GTR-prot. (SN02), S3 350.6 2855 236.5 148.5 8.28 6.61 193
Flex-GTR-prot. (SN02), S4 3401 2764 2281 1384 843 6.85 196
Flex-GTR-prot. (SN02), S5 339.4 273.5 231.6 147.3 8.08 6.90 18.8
Avg. 3421 2779 231.0 1455 8.28 6.72 19.25
St.Dev. 574 523 4.08 4.74 0.15 0.18 0.33
CV (%) 1.68 1.88 177 3.26 1.77 2.74 1.72
Judgement Acceptable
-IARV® 318 318 318 318 127 127 200
St.Dev/t-IARV (%) 1.80 1.64 1.28 1.49 1.15 1.45 1.66

Judgement
Judgements

Acceptable: 3% < and = 7%
Marginal: 7% < and < 10%
Not Acceptable: = 10%

* tIARV: Tentative Injury Assessment Reference Values
** Injury assessement items and monitoring items were evaluated

Injury }
Aasessment | | Montorng
ltems

T
+

+ In this research, the following items were evaluated.

v E1: Repeatability of the Elex-GTR-prototype
v E2: Reprodumb\\\tv of the FIex-GTR-Drototvoe

d\ﬁerences were observed between them. Most of the maximum value rat\os of
the Flex-GTR-proto relative to the Flex-GT are less than 1.1.

» The difference between the Flex-GT and Flex-GTR-proto has a chance to affect
the injury threshold values

» Therefore correlations between the Flex-GTR-prototype and Human Lower
Limbs was analyzed by JAMA-JARI using a computer simulation analysis.




‘ Test Rigs, contd. E

B SRS 1§ FEEERE NS B S5 U R TR AR I R A ARAEEE

Simplified Car: Type 2
(Photo: After test)

Type 2-L
Left bumper comer

Type 2-R
Right bumper corner

TEG-087

BLE: Bonnet leading edge

BP: Bumper
SP: Spoiler

f )

Maximum Values
(Flex-GTR-prototype, L and R Bumper Corner Impact)

‘ Impact Condition, contd. &

Flex-GTR-proto

Horizontal
Location v =777 7 _____
+10mm Impact
direction " Simplified car

Horizontal
Location I ””” 7 ”””
+10mm Impact
direction

center line

Simplified Car
(Type 2-R)

Simplified Car

gp (Type 2-L)

_ Simplified car

Flex-GTR-proto "
center line

BP: Bumper

Comparability Check for Flex-GTR-prototype (SN03) Under Right and Left Bumper Corner Impact
Test Method: Subsystem (Free fright)

TestRig:  Simplified Car
Max. values™
Tibia-1 Tibia-2 Tibia-3 Tibia4 Knee-ACL Knee-PCL Knee-MCL
(Nm) (Nm) (hm) (Nm) {mm) {mm) {mm)
Simplified Car (Type 2-1), Avg. 277.9 2748 2755 1443 11.86 7.95 191
Simplified Car (Type 2-R), Avg  285.6 281.5 278.7 146.5 11.81 7.38 19.8
Avg. 2818 278.1 2771 1454 11.84 7.67 19.42
St.Dev. 542 4.77 2.30 1.55 0.04 0.40 0.49
CV (% 1.92 1.72 0.83 1.06 0.30 5.26 2.51
Judgement
EIARV: 318 318 318 318 12.7 12.7 20.0
St.Dev./-IARV (%)  1.70 1.50 0.72 0.49 0.28 3.17 244
Judgement

* +IARV: Tentative Injury Assessment Reference Values
** |njury assessement items and monitoring items were evaluated.

Judgements

Acceptable: 3% < and < 7%

Marginal: 7% < and < 10%

Injury . Monitoring
Assessment
= Not Acceptable: > 10%
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TEG-089

Inverse Tests: Three Legforms:
Coefficient of Variation (CV)

Inverse Tests

e Standard inverse calibration
test setup
= Three tests per legform

May 19th, 2009 BGS Bahme & Gehring GmbH Siide § @ May 19th, 2009 BGS Bshme & Gehring GmbH Slide 9 @

Vehicle Tests: Mondeo Three Legforms:

Performed test series and results Coefficient of Variation (CV)

e Vehicle tests
= Ford Mondeo
= First impact location
+Y=0mm
+ All three legforms
+ Three repetitions
+ Sum: 9 tests

+ Remark:
LCL potentiometer failure at
legform no. 3 (Slice)

= Second impact location
+ Y=-450 mm
+ Legform no. 2 (M-Bus)
+ Three repetitions

May 19th, 2009 BGS Badhme & Gehring GmbH Slide 20 @ May 19th, 2009 BGS Béhme & Gehring GmbH Slide 22 @




TEG-089

Conclusions (1)

e Inverse tests: Tibia bending values up to 17 % higher than
Flex GT, MCL 11% higher, ACL 5% lower, PCL 26%
higher.

Long-term repeatability (reliability): Very good after 40
tests with one legform (including 2 repairs with

disassemblies)
Vehicle tests: Reproducibility partly not acceptable
e Vehicle tests: Values generally higher than Flex GT

e Vehicle oblique tests: Impactor responses not exactly
symmetrical

May 15th, 2009 BGS Bohme & Gehring GmbH Slide 38 @
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Inverse Test
Test Conditions

Test Equipments
Inverse Test: Overall

Moving Stopper

——

TEG-093

(or Flex-GT)

Test Flex-PLI Impact Speed Temperature I?:;:ltévltey
- type SN Modification (m/s)  (km/h) (degrees C) (%)
T-01 Flex-GT " None No data No data 203 48
T-02 Flex-GT 1 None 1.1 39.98 20.8 47
T-03 Flex-GTR-proto 3 None 11.23 40.41 216 35
T-04 Flex-GTR-proto 3 None 1110 3996 22 34
T-05 Flex-GTR-proto 3 None 11.01 39.62 222 33
T-06 Flex-GTR-proto 3 Add Mass 11.16 40.18 215 26
T07 Flex-GTRproto 3  Add Mass 11.04 3975 219 26
T-08 Flex GTRproto 3  Add Mass 11.01 3964 214 29
T-09 Flex-GTR-prote 3 None 10.93 39.34 215 28
T-10 Flex-GTR-proto 3 None No data No data 212 28
T11 Flex-GTR-proto 3 None 10.77 3878 207 29
T-12 Flex-GTR-prote 3 None 1117 40.21 206 30
T-13 Flex-GTR-proto 3 None 11.21 40.35 207 3
T-14 Flex-GTR-proto 3 None 11.09 39.91 205 34
T15 Flex-GTR-proto 3 None 11.20 40.31 205 35
T-16 Flex-GTR-proto 3 None 11.18 4025 18.9 M
T-17 Flex-GTR-proto 3 None 11.30 40.67 20.2 34
T-18 Flex-GTR-proto 3 None 11.25 405 215 29

* SN: Serial Number, Add Mass: Added 100g mass at the top and botom of the impactor

Hanging System

Impact Speed
Measurement

System

Pendulum Test
Test Conditions

- Flex-PLI Temperature ES:::L\';
o type SN Modification (degrees C) (%)
PT-01 Flex-GTR-proto 3 None No data No data
PT-02 Flex-GTR-proto 3 None No data No data
PT-03 Flex-GTR-proto 3 None No data No data
PT-04 Flex-GTR-proto 3 None 216 35
PT-05 Flex-GTR-proto 3 None 22 34
PT-06 Flex-GTR-proto 3 None 22 33
PT-07 Flex-GTR-proto 3 Add Mass 21.5 26
PT-08 Flex-GTR-proto 3 Add Mass 219 26
PT-09 Flex-GTR-proto 3 Add Mass 214 29
PT-10 Flex-GTR-proto 3 None 215 28
PT-11 Flex-GTR-proto 3 None 212 28
PT-12 Flex-GTR-proto 3 None 20.7 29
PT-13 Flex-GTR-proto 3 None 20.6 30
PT-14 Flex-GTR-proto 3 None 20.7 31
PT-15 Flex-GTR-proto 3 None 20.5 34
PT-16 Flex-GTR-proto 3 None 18.9 41
PT-17 Flex-GTR-proto 3 None 18.9 a1
PT-18 Flex-GTR-proto 3 None 20.2 34
PT-19 Flex-GTR-proto 3 None 21.5 29

* SN: Serial Number, Add Mass: Added 100g mass at the top and botom of the impactor
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TEG-093

Inverse Test Resulis

Comparability with BASt Test Results (Flex-GT)

+ Based on the Flex-GT test results, BASt and JARI test results were |looked as

comparable.
« FIEX-GT (SN2), BASt-Mar.08 (Scanned)
u Flex-GT (SN3), BASt-Mar.08 (Scanned)
4 Flex-GT (SN4), BASt-Mar 08 (Scanned)
& Flex-GT (SN11), JARI-Apr 09
* Knee-ACL]-| ? Knee-PCL|
= =
E= £ e = =
I i fe
H H ]
E [ 81w
5 = . = " rer
i= im s
I 1= i
" £
E 100 s 00 'g -
o o 1]

Inverse Test Results
Additional Mass Effect

insignificant in the Inverse Test.

« Additional mass (+ 100 g for femur top and tibia bottom) effect was

+ Flex-GTR-proto (SN03), JARI-Apr 09
u Flex-GTR-proto (SNO3)-Add Mass, JARFApr.09
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Pendulum Test Results
Additional Mass Effect
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+ Additional mass (+ 100 g for femur top and tibia bottom) effect was also
insignificant in the pendulum test.

+ Flex TR proto (SND3)
= Flex GTRproto (SND3) Add Mass
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TEG-094

Dynamic full assembly certification test mmmm—m m

« Flex PLI (with flesh and skin) is impacted by the upper edge of a linearly
guided Al honeycomb impactor at a previously defined impact speed

+ Impact location: upper edge of the honeycomb in line with center of knee

+ Measurement items — pass/fail parameters:
three string potentiometers (ACL, PCL, MCL), four strain gauges (tibia
moments)

Oliver Zander

[ m

Tibia test results (Flex-GTR)

May 19th, 2009

Slide No. 4

Ligament test results (Flex-GTR)

120

| m

Max. Bending Moment [Nm]

150.0

50,0

TIEreGArGTRI T

2(sH01] BAFGTRY2
Ho 1 BaFETRI|
4 (shanBareTRI4

inveta tes 3 HOT]BAFGTRISY

S LEERRRREE IREEREREL TERRERRRE RRIRERRELS

150

Elongation [mm]
2

50

00

R TriahE s K T b Aok = ek Test # BGL.  PCL.  [MGL
Test# Tibia A1 Tibia A2 Tibia A} Tibia A4 :”"e'se fe=t ] [SNU:] 1?'1 50 2:‘3
Inverce test 1 [SNO] 2514 2343 1862 1089 s tast 2 [0 116 1529 213
Inverse test 2 [SNO1] 2579 2366 1840 1118 Inverse test 3 [SNO1T] 10.9 54 208
Inverse test 3 [SHOA] 2620 2361 1868 1127 Inverse test 4 [SN02] 108 55 19,0
Inverse test 4 [SN0Z] 2627 2513 1949 1145 Inverse test 5 [SNO2] 100 53 201
Inverse test 5 [SN02] 2640 212 1884 1089 Inverse test 6 [SN02] 107 54 202
Inverse test 6 [SN02] 2661 2409 1851 1105 Inverse test 7 [SN03) 94 55 208
Inverse tast 7 [SN03] 2542  M32 2090 1115 Inverse test 8 [SN03] 99 58 20,8
Inverse test 8 [SN03] 2658 237 2009 1136 Inverse test 9 [SNO3] 00 60 216
Inverse test 9 [SNO3] 2556 2458 2040 1126 Wy 104 58 207
MYV 2666 216 191 1117 .
oV %] (4 22 5.2 7 CV [%] [6.3 [5.3 [38 ]

Oliver Zander May 19th, 2009 Slide No. 7 Oliver Zander May 19th, 2009 Slide No. 8



TEG-105

Flex-GTR-prototype JAMA Round Robbing Test Results Flex-GTR-prototype JAMA Round Robbing Test Results
Kinematics (JAMA-Apr.09-A1, A2, A3) Maximum Values (JAMA-Apr.09-A1, A2, A3)

Repeatability Check for GTR-prototype
Impactor: Flex-GTR-prototype (SN03)

Test Method: Subsystem (Free fright)

Test Rig: Car

JAMA-Apr 09-A1

Max. values
Tibia-1 Tibia-2 Tibia-3 Tibia4 Knee-ACL Knee-PCL Knee-MCL
(Nm) (Nm) (Nm) (Nm) (mm) (mm) (mm)
JAMA-Apr.09-A1 3291 391.7 2441 831 7.50 4.1 144
JAMA-ApPr.09-A2 345.3 390.6 253.0 88.0 7.67 4452 15.5
JAMA-Apr.09-A3 332.0 384.2 241.5 86.3 8.01 4.04 151
o Avg. 3355 3888 246.2 858 773 423 15.0
JAMA-Apr.09-A2 ‘ St. Dev. 8.64 4.07 6.01 2.52 0.26 0.26 0.53
CV (%) 2.58 1.05 2.44 293 3.36 6.17 3.55
Judgement * A
tIARV ™ 318 318 318 318 12.7 12.7 20
St.Dev./t-IARV (%) 272 1.28 1.89 0.79 2.04 2.05 2.66

Judgement *

JAMA-Apr.09-A3

. . o Judgements
* Injury assessement items and monitoring items were evaluated. _
** HIARV: Tentative Injury Assessment Reference Values

Acceptable: 3% < and < 7%

Flex-GTR-prototype JAMA Round Robbing Test Results Flex-GTR-prototype JAMA Round Robbing Test Results

Kinematics (JAMA-Apr.09-B1, B2, B3) Maximum Values (JAMA-Apr.09-B1, B2, B3)

Repeatability Check for GTR-prototype
Impactor: Flex-GTR-prototype (SN03)

Test Method: Subsystem (Free fright)
Test Rig: Car

JAMA-Apr.09-B1

Injury i Marginal: 7% < and < 10%
S Monitoring el
ltems Items Not Acceptable: > 10%

Max. values
Tibia1  Tbia2 Tibia3  Tibiad Knee-ACL Knee-PCL Knee-MGL

(Nm) (Nm) (Nm) {Nm) (mm) (mm) (mm)
JAMA-ADr.03-B1 2033 2631 2738 2263 194 535 166
JAMA-Apr.09-B2 2234 2808 2782 2260 491 5.20 162
JAMA-Apr.09-B3 1985 2717 2626 2182 463 6.12 16.5
Avg. 2084 2719 2715 2235 183 5.56 164
JAMA-Apr.09-B2 | St Dev. 1321 885 8.00 161 017 0.50 020
TV (%) 634 3.26 2.95 2.06 354 8.04 123

Judgement * | Acceptable Acceplable:

LIARV 318 318 318 318 127 127 20

StDev/LIARY (%) 4.15 278 252 1.45 1.35 391 1.01

Judgement * | Acceptable Acceptable

.Judgemenls

JAMA-Apr.09-B3

* Injury assessement items and monitoring items were evaluated. _
** tIARV: Tentative Injury Assessment Reference Values

Acceptable: 3% < and < 7%

) [ Marginal: 7% < and < 10% |

Injury ~
Assessment e
Items me Not Acceptable: > 10%
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Flex-GTR-prototype JAMA Round Robbing Test Results Flex-GTR-prototype JAMA Round Robbing Test Results
Kinematics (JAMA-May09-A1, A2, A3) Maximum Values (JAMA-May.09-A1, A2, A3)

Repeatability Check for GTR-prototype

Impactor- Flex-GTR-prototype (SND3)
Test Method: Subsystem {Free fright)
Test Rig: Car

JAMA-May08-A1

Max. values
Tibia-1 Tibia-2 Tibia-3 Tibia4 Knee-ACL Knee-PCL Knee-MCL
(Nm) (Nm) (Nm} (Nm) (mm}) {mm) (mm)
JAMA-May.09-A1 2274 2117 131.1 146.8 570 6.33 74
JAMA-May 09-A2 2352 2248 1492 1341 544 676 182
JAMA-May 09-A3 2276 2116 1359 1466 581 605 77
JAMA-May09-A2 Avg. 2301 2160 1387 1425 565 638 178
St Dev. 441 7.56 936 7.30 019 036 041
CV (%) 192 3.50 674 512 336 562 228
Judgement '- Al A A Al
LIARV ™ 318 318 318 318 12.7 12.7 20
StDev./tHARV (%) 1.39 238 294 229 1.50 282 203

Judgement *
Judgements
* Injury assessement items and monitoring items were evaluated. _
** tlARV: Tentative Injury Assessment Reference Values
Acceptable: 3% <and = 7%
Marginal: 7% < and < 10%
Not Acceptable: > 10%

JAMA-May09-A3

Flex-GTR-prototype JAMA Round Robbing Test Results

Kinematics (JAMA-May.09-B1, B2, B3) Flex-GTR-prototype JAMA Round Robbing Test Results
Maximum Values (JAMA-May.09-B1, B2, B3)

Repeatability Check for GTR-prototype
Impactor: Flex-GTR-prototype (SN03)

Test Method: Subsystem (Free fright)

Test Rig: Car

JAMA-May 09-B1

Max. values
Tibia-1 Tibia-2  Tibia-3  Tibia4 Knee-ACL Knee-PCL Knee-MCL
{Nm) (Nm) (Nm) (Nm) {mm) {mm) (mm)
JAMA-May.09-B1 227 185.6 189.1 193.0 703 493 11.8
JAMA-May.09-B2 236.3 2122 186.9 187.7 6.70 5.15 109
AR gD JAMA-May09-53 2433 2088 1842 1641 773 513 122
Avg 2341 2012 1867 1816 713 507 16
St. Dev. 1047 13.88 245 15.39 0.51 0.15 0.67
CV (%) 447 6590 131 847 719 301 572
Judgement | Acceplable Accepiable] | Good | Margmnal _ Marginal | Good  Accepiable
HARV ™ 318 318 318 318 127 127 20
StDev./t-IARV (%) 329 4.37 0.77 4.64 4.04 1.20 3.33

Judgement *

Judgements

JAMA-May.09-B3 * Injury assessement items and monitoring items were evaluated

** t-IARV: Tentative Injury Assessment Reference Values
Acceptable: 3% < and = 7%

njury wontorng | |__Marginal 7% < and < 10%
Items o Not Acceptable: > 10%

Oms 10ms 20ms 30ms 40 ms 50 ms



TEG-105

Flex-GTR-prototype JAMA Round Robbing Test Results Flex-GTR-prototype JAMA Round Robbing Test Results
Kinematics (JAMA-June.09-A1, A2, A3) Maximum Values (JAMA-June.09-A1, A2, A3)

Repeatability Check for GTR-prototype
Impactor: Flex-GTR-prototype (SM03)

Test Method: Subsystem (Free fright)

Test Rig: Car

JAMA-June.09-A1

Max. values
Tibia-1 Tibia-2  Tibia-3 Tibia-4 Knee-ACL Knee-PCL Knee-MCL
(Nm) (Nm) (Nm) (Nm) (mm) (mm) (mm)
JAMA-June. 09-A1 2471 3201 2742 1271 462 538 124
JAMA-June.09-A2 2555 3300 2873 1321 466 54b 130
JAMA-June.09-A3 2594 3144 2533 127.7 4.84 5.46 14.0
Avg. 2540 3215 2716 129.0 470 547 131
JAMA~fne: (19-A2 St.Dev. 629 7.89 1715 273 0.10 0.06 081
CV (%) 247 246 6.31 2.12 213 1.06 6.15
Judgement * Acceptable
t-IARV ™ 318 318 318 318 12.7 127 20
St.Dev./t-IARV (% 1.98 248 5.39 0.86 0.79 0.45 4.04
Judgement * Acceptable
* Injury assessement items and monitoring items were evaluated. Judw%
** tlARV: Tentative Injury Assessment Reference Values
JAMA-June 09-A3 |§ iy

Not Acceptable” > 10%

0ms ams 10 ms 15ms
Flex-GTR-prototype JAMA Round Robbing Test Results Flex-GTR-prototype JAMA Round Robbing Test Results
Kinematics (JAMA-June.09-B1, B2, B3) Maximum Values (JAMA-June.09-B1, B2, B3)

Repeatability Check for GTR-prototype
Impacter: Flex-GTR-prototype (SNO3)

Test Method: Subsystem (Free fright)

Test Rig: Car

JAMA-June 09-B1

Max. values
Tibia-1 Tibia-2  Tibia-3 Tibia-4 Knee-ACL Knee-PCL Knee-MCL
(Nm) (Nm) (Nm) (Nm) (mm) (mm) (mm)
JAMA-June 09-B1 2955 2299 1548 738 10.98 81 249
JAMA-June 09-B2 309.8 2429 167 6 834 10.46 B8.25 246
SAMAIDE09 52 JAMA-June.09-B3 3174 2497 173.0 33.6 10.97 7.85 246
Avg. 3076 2408 165.1 80.3 10.83 8.07 247
St.Dev.  11.12 10.06 9.35 5.60 0.29 0.15 017
CV (%) 362 418 5.66 6.98 266 1.89 0.70
Judgement *
HIARV*™ 318 318 318 318 127 127 20
St.Dev./HIARV (%) 350 3.16 2.94 1.76 227 1.20 0.87
JAMA-June.09-B3 ’1\ Judgement * | Acceptable Acceptable
&
* Injury assessement items and monitoring items were evaluated. dudgements
= EIARV: |entative Injury Assessment Reference Values _
Acceptable: 3% < and < 7%

Injury Moritoring Marginal: 7% < and < 10%
Assessment e
Items Nlll Acceptable: > 10%

0Oms 10ms 20ms 30 ms 40 ms 50 ms
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TEG-105

Flex-GTR-prototype JAMA Round Robbing Test Results

Flex-GTR-prototype JAMA Round Robbing Test Results
Maximum Values (JAMA-July.09-A1, A2, A3)

Kinematics (JAMA-July.09-A1, A2, A3)

Repeatability Check for GTR-prototype
Impactor: Flex-GTR-prototype (SNO3)

Test Method: Subsystem (Free fright)

Test Rig: Car

JAMA-July 09-A1

Max. values
Tibia-1 Tibia-2 Tibia-3 Tibia-4  Knee-ACL Knee-PCL Knee-MCL
(Nm) (Nm) {Nm) (Nm) (mm) {mm) {mm)
JAMA-July.09-A1 156.0 156.3 139.0 1381 527 6.98 176
JAMA-July.09-A2 168.8 1535 136.3 1321 586 5.80 17.0
JAMA-July.09-A3 158.2 168.6 1515 1425 532 6.24 16.2
JAMA-July.09-A2 Avg. 1610 159.5 1423 1376 550 6.33 16.9
i St. Dev 6.84 8.03 8.11 522 0.35 0.61 0.70
CV (%) 425 5.04 570 3.79 6.30 9.65 4.15
Judgement *| Ag A A AC A Marginal ~ Acceptable
tIARV ** 318 318 318 318 12.7 127 20
StDev.tIARV (%) 2.15 253 255 1.64 273 481 3.51
Judgement *| " Good Good Good Good Good  Acceptable  Good
o Judgements
* Injury assessement items and monitoring items were evaluated

** tIARV: Tentative Injury Assessment Reference Values

JAMA-July 09-A3 B

Acceptable: 3% < and < 7%

Injury
Assessment
ltems

Monitoring
Items

Oms 10ms 20ms 30ms 40 ms 50 ms

Flex-GTR-prototype JAMA Round Robbing Test Results Flex-GTR-prototype JAMA Round Robbing Test Results

Marginal: 7% < and < 10%

Not Accepiable: > 10%

Kinematics (JAMA-July.09-B1, B2, B3) Maximum Values (JAMA-July.09-B1, B2, B3)

Repeatability Check for GTR-prototype

Impactor: Flex-GTR-prototype (SNO3)

JAMA-July 09-B1 v
Test Method: Subsystem (Free fright)

Test Rig: Car
Max. values
Tibia-1 Tibia-2 Tibia-3 Tibia4 Knee-ACL Knee-PCL Knee-MCL
(Nm) (Nm) (Nm) (Nm) (mm) {mm} (mm)
JAMA-July.09-B1 1917 161.0 179.3 1364 523 434 16.2
JAMA-July.09-B2 193.1 167.7 188.7 156.2 5.96 418 16.8
JAMA-July 09-B3 185.5 159.7 1826 149.7 550 459 16.8
Avg. 1901 162.8 1835 1474 557 437 16.6
JAMA-July 09-B2 StDev 404 429 477 1009 040 021 035
CV (%) 213 264 2.60 6.85 7.26 477 2.09
Judgement *| Good Good Good  Acceptable Marginal Acceptable Good
HARV ™ 318 318 318 318 127 127 20
St.Dev A-IARV (%)  1.27 1.35 1.50 317 3.18 1.64 173
Judgement *| " Good Good Good Good Good
3 ; ) ; Judgements
* Injury assessement items and monitoring items were evaluated

** tIARV: Tentative Injury Assessment Reference Values
JAMA-July 09-B3

Acceptable: 3% <and < 7%

Injury
Assessment
ltems

Monitoring
Items

Oms 10ms 20ms 30ms 40 ms 50 ms

Marginal: 7% < and < 10%
Not Acceplable: > 10%
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TEG-105

Flex-GTR-prototype Pendulum Test Results During the JAMA Round Robbing Tests

Maximum Values, Graph, Tibia

Bending Moment (Nm)
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Flex-GTR-prototype Pendulum Test Results During the JAMA Round Robbing Tests

Maximum Values, Graph, Knee (ACL, PCL, MCL)
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Flex-GTR-prototype Pendulum Test Results During the JAMA Round Robbing Tests

Maximum Values, Table

Max_values

Tihia2  Tibia3 T4 Knee-ACL KnesPCL KneeMCL
timy om)y thm) imm) imm) immy
JARI_01Apr.08-1 2100 ] 525 25
JARL_01Apr.08-2 2118 Ho7 88t 487 25
JARI 014pr08-3 211.7 110 85T 400 25
JARL_15Apr.08-1 7128 D 473 25
JARI_15Apc 08-2 215.1 118 855 40 25
JARI_15Apc00-3 2151 118 880 468 25
JARI_Z7 Apr.0e-1 2137 noa  saz 87 25
JARI_27Apr.00-2 2158 s 85 488 28
JARI_27Apr.08-3 218.2 11 8ar 511 28
JARI_28Apr 08-1 2128 1085 72 554 24
JARI_28Apr.08-2 215 1082 5 23
JARI_20Apr.00-3 2113 100.1 23
JARI_20Apr.00-4 ! 211.2 100.0 223
JERL_22May 08-1 30 218 108.0 24
JARI_22May.00-2 3545 2158 1102 24
JARI_22May D3-3 3540 2155 110.0 24
JARI_28May 084 2528 ma3 1088 n5
JARI_28May 085 2524 2014 1073 25
JARI_28May 006 2616 2011 107.0 28
JARL_18Jun.08-1 2648 2165 1087 25
JARI_15un 08-2 3544 2154 1002 28
JARI_15un 083 2555 2148 108.8 28
JARI_17Jun 02-6 2521 ms 1088 n5
JARI_17un 087 224 2118 108.6 28
JARI 17un 008 3525 2120 108.8 28
JER_Guly D81 00 2068 1048 =5
JARI_ By 022 2500 2008 105.4 28
JARI_Buly 08-3 205 2101 105.8 28
JARI_24July 081 2628 2121 1075 225
JARI_24July.00-2 2837 210 1072 28
JARI_24July.00-3 843 2139 1072 28
JARI_24 July D0-4 2530 44 107.1 28
JARL_31Aug 032 a4 2141 1078 8
JARI_21Aug 03-23 2847 2125 1075 28
JARI 31Aug.004 2546 2120 107.0 28
Avg. 2628 2120 108.6 25
StDev. 180 147 285 104 000
CV (%) 0.71 .22 154 170 0.40

Judgement
ARV ™ 318 318 318 318 20
StDev/LIARY (%) 057 [ 06 051

* Injury assessament i=ms and moniorng fems were evaluated
™ HIARV: Tentatie Inury Agsessment Reference Vaiues




During Car Test

TEG-105

cv Injury Assessment Items Monitoring Items
Good Acceptable Marginal Good Acceptable Marginal
JAMA-April.09-A 4 1 0 0 2 0
JAMA-April.09-B 3 2 0 0 1 1
JAMA-May.09-A 2 3 0 0 2 0
JAMA-May.09-B 1 3 1 1 0 1
JAMA-June.09-A 3 2 0 2 0 0
JAMA-June.09-B 1 4 0 2 0 0
JAMA-July.09-A 0 5 0 i 1 1
JAMA-July.09-B 4 1 0 0 1 1
total 18 21 1 5 7 4
45% 33% 3% 31% 44% 25%
St.Dev./t-IARV Injury Assessment Items Monitoring Items
Good Acceptable Marginal Good Acceptable Marginal
JAMA-April.09-A 5 0 0 2 0 0
JAMA-April.09-B 4 1 0 1 1 0
JAMA-May.09-A 5 0 0 2 0 0
JAMA-May.09-B 1 4 0 1 1 0
JAMA-June.09-A 3 2 0 2 0 0
JAMA-June.09-B 3 2 0 2 0 0
JAMA-July.09-A 5 0 0 1 1 0
JAMA-July.09-B 4 1 0 1 1 0
total 30 10 0 12 4 0
5% 25% 0% 75% 25% 0%

During Pendulum Test

Ccv

Injury Assessment Items

Monitoring Items

Good Acceptable Marginal

Good Acceptable Marginal

JAMA from April.09-A to July.09-B 5 0 0 1 1 0
total 3 0 0 1 1 0
100% 0% 0% 50% 50% 0%

St.Dev./t-TARV

Injury Assessment Items

Monitoring Items

Good Acceptable Marginal

Good Acceptable Marginal

JAMA from April.09-A to July.09-B 5 0 0 2 0 0
total 5 0 0 2 0 0
100% 0% 0% 100% 0% 0%
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TEG-112
Test Matrix

1 Selection Criteria

— Vehicle location did reasonably well in TRL tests
(Mallory, ESV 2009 & more recent testing)

Vehicle

Tibia
Acceleration
(GTR: 170 g)

Bending Angle
(GTR: 19 deg)

Shear Displacement
(GTR: 6 mm)

2005 Honda CR-V

Pass

Pass

Pass

2002 Mazda Miata

Pass

Pass

Pass

2006 Infiniti M35 (with
Nissan Fuga bumper)

Pass

Pass

Pass

2006 Volkswagen Passat

Pass

Pass

2001 Honda Civic




TEG-112 -

Repeatability Repeatability

Honda CR-V Honda CR-V

Flex TEG Rec
______ G Re:

— Tihia 1
— Tihia 1
Light — Test 2 TR
- Tihia 2
—Tibia 3
— Tibia 3
——Tihia 4
Tibia 4

Heavy — Test 1

Tibla Moment (h-m

~|—Femur 3
Femur 3
. —Femur 2
Heavy — Test 1 h - —Femur 2
i i —Femur 1
Femur 1

Light — Test 2

'
i

. D
02 00 005

Time (sec) = Time (sec)

Repeatability Repeatability

Honda CR-V Honda CR-V

94 Flex-TEG MCL Limit =22 mm I

% Flex-TEG ACL/PCL Limif = 13 mm

Heavy — Test 1

Light — Test 2

Flex GTR Acceleration

Ligamert Elongation (mm)

Flex GTR Acceleration

Heavy — Test 1

Light — Test 2

Time (sec) I, SA ) o o i: o Tim_£ ([s:»er: o " " e : 1= HTSA




Repeatability

Mazda Miata

Heavy — Test 1

Light — Test 2

Femur 3

Femur 3| |

—Femur 2

—Femur 2 |

—Femur 1
Femur 1

Rep

eatability

Mazda Miata

| Flex-TEG MCL Limi

Heavy — Test 1

Light — Test 2

Time (sec)

TEG-112

Repeatability

Mazda Miata

——Tibia 1

Heavy — Test 1

Light — Test 2

Time (sec)

Repeatability

Mazda Miata

Flex GTR Acceleration

Heavy — Test 1
Flex GTR Acceleration

/| Light — Test 2

Time (sec)
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Repeatability Repeatability

Nissan Fuga Nissan Fuga

— Tibia 1
Tikia 1
— Tibia 2
Tibia 2
— Tibia 3
Tibia 3
— Tibia 4
Tikia 4

-——Femur 3 |
——Femur 3
o —Femur 2 + - -
Heavy — Test 1 ; : Fernur 2 -1 Heavy — Test 1

Light — Test 2 —Femur 1 - Light — Test 2
Femur 1
T

Time (sec) Time (sec)

Repeatability Repeatability

Nissan Fuga Nissan Fuga

Heavy — Test 1

Light — Test 2

| Flex-TEG MCL Limit

Software glitch
(MCL reached 25
mm in a 3 test)

Flex GTR Acceleration
Heavy — Test 1

Flex GTR Acceleration

Light — Test 2

'
'
'

| PR N ; ' —

T T T

k) ) 0 0.0

Time (sec) Time (sec)
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Repeatability Repeatability

Volkswagen Passat Volkswagen Passat

— Tibia 1
Tibia 1

| r — Tibia 2
Light — Test 2 ! SR ‘ ] “J==Tihia2
D E AN ——Tibia 3

Tibia 3

— Tibia 4
Tibia 4

Heavy — Test 1

oment (N-m

—Femur 3
—Femur 3]
—Femur 2 ! !

Femur 2 T | Heay v—Test 1

—Femur 1 | T Light — Test 2
Femur 1 !
T

Repeatability Repeatability

Volkswagen Passat Volkswagen Passat

Heavy — Test 1

Light — Test 2

Fle:

x-
=

smgation [mm)

Flex GTR Acceleration

| Heavy — Test 1

| Light — Test 2 ]
' T Flex GTR Acceleration

Time (sec)




Repeatability

Honda Civic

Repeatability

Honda Civic

Heavy — Test 1

Light — Test 2

—Femur 3

—Femur 3 |

—Femur 2
Femur 2
—Femur 1

———Tibia 1

Tibia 1
—Tibia 2
==Jkial— -
—Tibia 3

Tibia 3
—Tibia 4

Tihia 4

Heavy — Test 1

Light — Test 2

Femur 1 ||

Time (sec)

Repeatability

Honda Civic

009 0

Time (sec)

Repeatability

Honda Civic

Flex-TEG MCL/Limi

Heavy — Test 1

Light — Test 2

Time (sec)

Heavy — Test 1 Flex GTR Acceleration

Light — Test 2

Flex GTR Acceleration

T
0.04 0.05
Time (sec)
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Summary

1 Very good repeatability
— In two repeat tests, center impact, 5 vehicles

1 Improved durability

— But we have not tested vehicles that were
poor performers in TRL legform tests

1 SLICE is functional & improvement over
conventional DAS

— But does have some bugs that need to be
worked out
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q Introduction of Test Vehicle and Test Method

@ Test Venicle
e \ehicle meets the criteria of the TRL-LFI to test
according to existing legislation

e \Vehicle was rated completely green in the TRL-LFI
to tests of Euro-NCAP

L L
. | TBA 1M | TeM2mm | TBAINM | TBAAMM | MCLinml ACL (mm] PCL mm)
e 1 214 2319 1941 1505 197 85 101
z
= u 2667 237 2047 1569 189 83 78
E - 1 WEAN 26405 7595 1984 1537 193 87 885
£ ST.EV 37477 14849 74953 45255 05657 02828 17678
H 0182 10063 00376 010291 10293 1032 01997
= —
. = - =
"'[;"" " TBA1MM | TBIAZMm) | TBA3MM | TIBIA4Nm MCL (mm) ACL (mm) PCL mm)
- 12 2536 227 1681 1759 184 18 64
o o 12 70 2288 1679 172 194 15 8
g = TN 12 MEAN 263 23575 188 17305 189 18 72
R S— / /. \L\ STOEV 10324 25288 1418 40305 07071 12121 11314
. i v 00419 00817 10008 00233 00372 10277 01571
i s ws| oo | oo [
= - " - . TBA 1M | TEM2Mm | TBAINM | TBAAMM | MCLinml ACL (mm) PCL mm)
“L:' " v 13 2826 2564 2194 1597 207 84 57
. 13 2054 2511 2143 1534 202 a1 63
N 13 MEAN 25 5175 21685 15655 2045 825 [
£ STDEY 19799 azan 36062 48508 13536 02121 04243
g 1007 10128 10186 00285 7 10257 00707
B
g
: 3% < CV = 7% | 7% < CV=10%|

Vehicle is considered to be pedestrian friendly in

this area
Test Method

Impactor type

Flex—PLi-GTR Prototype

Impact velocity 11.1=02m/s
EEVC WG17 LFI by EURO NCAP
impact 2one [Green zone)
) Same point
Impact point 2 Same vehicles
Impact times 3 Impact per 1 Vehicle

Impact Height

75mm
[From ground level]

Repeatability for Flex-PLi Prototype

| acceptable | marginal |
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m Conclusion

I
KATRI have conducted the round robin test for Flex-PLIi-GTR and as the result,

@ Comparison between EEVC WG17 LFl and Flex-PLi—GTR for same vehicle
v Vehicle meets the criteria of EEVC WG17 LFl is also to meet Flex-PLi-GTR
v In spite of meeting regulation, The margin of Flex-PLi is shorter than EEVC WG17 LFI
v This result should not apply for every vehicle, it is only applicable to our tested vehicle

® Repeatability

v Almost Good(62%) and Acceptable(24%) but some happened not acceptable level(9%)

® [urability and Usability
v No serious issues on the durability and usability

® Some improvements are needed
v As for Design and Durability - No sharp edges and No fracture especially zibper
v As for Usability - More convenient and automatic control program
v As for stability : Better data download and electrical ground connection
# More consideration is necessary to unexpected and without-control rebound phenomenon
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6. Vehicle Countermeasures
- List of Relevant TEG Documents -
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Doc. #

Affiliation

Version

Summary

TEG-035

JAMA

Flex-GT
TRL-LFI

- Car test (3 cars) using Flex-GT and TRL-LFI

-1 location for 2 cars, 2 locations for 1 car

Results

- Car A : Flex-GT MCL elongation closest to threshold

- Car B : TRL-LFI tibia accel. above gtr9 threshold

- Car C center : Flex-GT tibia moment closest to threshold
- Car C right : Flex-GT tibia moment above threshold

TEG-036

BASt

Flex-GT

- Car test (2 cars) using Flex-G and Flex-GT
- Comparison with Euro NCAP results
Results

- Good Euro NCAP test results can be confirmed by Flex-GTa
test results

TEG-091

OPEL

Flex-GTR

- Flex-GTR car test (1 car)
-Comparison with Euro NCAP test results
Results

- Flex-GTR yielded more conservative evaluation results
relative to the Euro NCAP leg test for one particular car tested




6. Vehicle Countermeasures
- List of Relevant TEG Documents -
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Doc. #

Affiliation

Version

Summary

TEG-112

NHTSA

Flex-GTR

- Flex-GTR car test (2005 Honda CR-V, 2002 Mazda Miata, 2006
Infiniti M35, 2006 VW Passat, 2001 Honda Civic)

-Pass/fail comparison between TRL-LFI and Flex-GTR
Results

- Same pass/fail distribution for TRL legform and Flex-GTR
with 2 out of 5 cars tested

- More conservative pass/fail results for Flex-GTR with 3 out
of 5 cars tested

- No car resulted in more conservative TRL legform pass/fail
evaluation results

TEG-113

KATRI

Flex-GTR

- Flex-GTR car test (1 car)
-Comparison between TRL-LFI and Flex-PLI test results
Results

- The particular car tested that meets the criteria of TRL
legform also met those of Flex-GTR

- The margin for Flex-GTR was smaller than that for TRL
legform for one particular car tested
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Car07A, Center < Flex-GT, H= base + 50 mm Car07A, Center &« TRL-LFI, H= base

unit | Max

Tibia-1 (Nm) | 194.6
Tibia-2 (m) | 2323
Tibia-3 (Nm) | 204.5

Max
Tibia-ACC |imss’)| B806.8
Knee-BA |ideg) 32

Tibia~ ol | 110.9 Knee-SD_[imm| 22
nee-ACL _|(mm} 37 ACC: Acceleration
nee-PCL_[(mm) 3.1 ~ 7 50% injury risk level of AM50 BA: Bending angle GTR draft acceptance levels, June 2006 Initial injury detected timing
nee-MCL |(mm) 153 (Tentative values for Tibia, MCL) S0: Shearind displacement

——=Ghearing Displacement
o oL 2000 ia Acceleration g Displ

——pi Tibia-2 —Tibia-3 Tibia-4 8
500 E
- 2500 e e _ @
= 40 El < g
Z 200 > g 2o *
H E 2 = 1500 =
200 E =
g g 15 2 1000 E ‘,_/_
S 100 \——ia-'(—\ 2 = e g0
=Y - Jgm 2 s =
2 2 . —————— a2
2 -1 g g e ——— T L g
& -500 “+
-200 5
300 10 . . . . ] 000 B - N
. " - - - - ) - - - - w0 o 10 20 an 2 0 [ 10 20 20 a0 50
Time {ms) S Time (ms) Time (ms)
—iCL —r -1 Femur-2 — Femur-3 ®
® 500 ot
0 0 -
> Z m 3w
= H o -
g 00 g5
g £ L ey £
5 £ = 0
£ — = § Pz g,
2 5 - | o= e N J— —]
g . — NS 0
5 LD o . ‘ \ :
monitoring only. -1
-0 200 ] 10 20 30 40 50
0 10 20 20 40 50 [ 10 20 0 40 50 Tome (s}
ime (ms;
Time (ms) Time (ms}

Car07B, Center « Flex-GT, H= base + 50 mm Car07B, Center < TRL-LFI, H= base

Tibia-1
Max.
Tibia-ACC [imis"] 2039.2
Knee-BA |ideg)] 101
Knee 5D |imm) 17f 10
(mm) 6.1 3
. ACC: Acosleration
—— = 50y
frmf 3.1 | 50% injury risk level of AM50 BA: Banding angle GTR draft acceptance levels, June 2006 Initial injury detected timing
(mm) 13.2 (Tentative values for Tibia, MCL) 5D: Shearind displacement
—Tibia-1 Tibia-2 —Tibia-3 Tibia-4 AGL PCL Acceleration earing Displacement
500 a8 2000 8
z a0 2500 0
& T2 2 z000 E 4
E E
B £ = 1500 FAY z,
g 515 £ om0 VLN 2 T ——
£ ® 10 z P Y z 0
= 2, £ 500 NS e =
- & : e 8 N i
& - | | 500 -+
an L ] -1000 E
o 0 20 0 0 @ 0 0 20 20 40 ) 0 10 20 20 40 50
Time (ms) Time (ms) Time (ms) Time (ms)
—CL —Femur-1 Femur-2 —Femur-a =
500
2 m =
£ ~ %
Z i
= H
- g5
. g 1m 20
e e > 0= g5 _-_'—,/ o N——
o 0 < 0
-200 5
200 -1
0 10 20 30 40 50 [l 10 20 a a0 o 1o 20 3 40 50
Time (ms Time {ms Time (ms)
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Car07C, Center « Flex-GT, H= base + 50 mm Car07C, Center « TRL-LFIl, H= base
unit | May
[T Jom | 1234 Vo T
Tibiaz | | 2373 11737 782
Tibias | | 2735 WKneeBA leg)| 24| 23
Tibiad |t | 161.8 KneeSD Jmm)]  15] 25
Knee-ACL | (mm) 31 ACC: Accsleration
E::_—:n%i :::; ?g |~ 50% injury risk level of AMS0 zgﬁﬂ:ffﬁl i GTR draft acceptance levels, June 2006 Initial injury detected fiming
- (Tentative values for Tibia, MCL)
i D
500 —Tibia-1 Tibia-2 —Tibia-3 Tibia-4 . PGL 3000 b Aeoslerat 8 =er0g Depsoement
N . L e I
= 400 & E
2 3 -g = £ 2000 Es
= 2 < 1500 =
E € 2
E T B t o
; o z ‘g .g 500 -\__‘_—__‘\ 5_2 v/-f
S o0 B e T — — g ° =
5 [ | 500 -
200 E
-300 0 ‘ 10 0 10 20 0 40 50
10 20 0 50 50 0 o k| 20 @ 50 o i n wu A = h
Time [ms) Time (ms) Time {ms) Time (ms)
Bending Angle
—WCL —Fermur-1 Femur-2 Femur-3 *®
s E
2 =
E = B
g3 3 2
EX g F o=
51 5 2
® 10 £ s
] g & ———
s £ 0
i, —— 3 -
: 5. :
o . . . .
- a0 mopitoring ont . " " - " p
0 ] £ @ 50 o ) = el @ E] )
Time (ms)
Time (ms) Time (ms)
Car07C, R430 « Flex-GT, H= base + 50 mm Car07C, R430 <« TRL-LFI, H= base
=5
04.0
73, May Min,
5 Tibia-ACC |iye™) 15289 [-214.9
52" Knee BA |(deg)) 121 01
> Knee-SD |imm) 1.0 -3.8
;'g e rrer s ACC: Acosleration
EY |~ 7 50% injury risk level of AM50 BA: Banding angle ‘GTR draft acceptance levels, June 2008 Initial injury detscted timing
& (Tentative values for Tibia, MCL) S0D: Shearind displacement
Tibia-2 —Tibia-3 Tibiz-4 POL ibia Acoeleratior Displacement
500 £ e
£ < 0 e e e Y
< o £ £
£ E > =
£ g AN g: e —
E ——— E 10 g0
2 0 e - e — \\ e 2, yd
S 100 _"l g g T e —— p & SN
& 200 5| *
300 | ol 5 . . , . )
10 20 a0 40 50 ) 0 El 30 el 50 0 0 20 30 40 50 o 10 20 30 40 50
Time ims} Time (ms) Time (ms) Time (ms)
——temur-1 Femur-2 —Femur3 ® Bendng Argle
z »
— 25 75
E 3 2
Ex 715
£ 15 = pr—
- P e e 0 — —~——
—— 2 s
B —7 S, s, p—
Woa
5
5 10 L L 1 L
- 0 10 20 n 40 50
10 2 10 20 20 a0 50
Time (ms)
Time (ms Time (ms)
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[ [ m

Euro NCAP results Test programme Flex-G and Flex-GTqo, e m

Impact points on cars tested
by Euro NCAP

Mercedes A-Class VW Golf V

Green rated lower leg test area

Borderline to green bumper area

three tests with Flex-GTa
one mirrored test (L2b)

L2a: (left end of number plate area) L1b: (bumper vertical bracing rib)

three tests with Flex-GTu
one mirrored test (L3a)

Ua_(a)" L1bf one test with Flex-G one test with Flex-G

L1b: L2a:

L2a: L2b(b): ) ) ‘

L3b: L3b: (left part of headlamp area) L2b: (manufacturer's emblem)

three tests with Flex-GTa
one test with Flex-G

three tests with Flex-GTa
one test with Flex-G

Oliver Zander

April 2nd, 2007

Slide No. 3 QOliver Zander

April 2nd, 2007

Slide No. 6
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Euro NCAP results N tmt
Mercedes A-Class VW Golf V
4
43:0
Al
)
18,83
19,00
3,00
Oliver Zander April 2nd, 2007 Slide No. 4
Test results Golf - Tibia BM (25 mm) D m Test results Golf - Knee EL (25 mm) - m
30,0
B Golf V1 (L1b)
4500 W Golf V1 (L1b) O Golf V2 (L3a)
D?Rg “[13:) 25,0 {BGolf V3 (L1b)
400.0 eriv Ewa; O Golf V4 (L1b) —_ o
50% injury risk for 50" AM - upper threshold B Bolf V5 (12b) B Golf V5 (L2b) 50% injury "5|:rfl°r 5: I:M
= 3500 - upper thresho —
£ 50% injury risk for 50" AM - lower threshold W Colf V6 (L2b) 20,0 /M Golf V6 (L2b) L
S oop——————-R--—— B Golf V7 (12b) _ B Golf V7 (L2b)
E | B Golf Flex-G (L2b) E B Golf Flex-G (L2b)
£ E
S 25001 s 150
o =
£ 2000 | ) T h
3 g 50% injury risk threshold for 50™ AM
@ 1500 e T S T e
%
= 1000 |
50,0 1 5,0 4
0,0 4
T A wipia P2 i B i M 0,0

pCH poL wok

Oliver Zander April 2nd, 2007 Slide No. 10 Oliver Zander April 2nd, 2007 Slide No. 11
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Euro NCAP results N
Mercedes A-Class VW Golf V
am
430
a4
S44
18,83
19,00
3,00
Oliver Zander April 2nd, 2007 Slide No. 4
Test results A-Class - Tibia BM (25 mm) s = bast Test results A-Class - Knee EL (25 mm) s bast
30,0
e ol V1 (123
4000 B A-Class V3 (L28) O A-Class V2 (L2b)
‘ DA-Class V4 (L28) 25,0 {|MA-Class V3 (L2a)
3500 50% injury risk for 50" AM - upper threshold mA-Class V5 (L3b} OA-Class V4 (L2a) e y -
—_ ' 5 W A-Class V6 (L3b) O A-Class V5 (L3b) 50% injury risk for 50™ Al
E | 30% injury risk for 507 AM - lower threshold __ _|m A-Class V7 (L3b) A-Class V6 (L3b - upper threshold ™
Z, 3000 20,0 B A-Class (L3b) 2
= m A-Class Flex-G (L3b) = B A-Class V7 (L3b) lower threshold |_
g 2500 £ W A-Class Flex-G (L3b)
2 '
&> 2000 - % 15,0
c
£ s —
R
@ 10,0
X 1000 |
=
50,0 -
5,0 -
00 -
i ioie P2 i P i M
0,0 -

[ PCL- WO

Oliver Zander April 2nd, 2007 Slide No. 15 Oliver Zander April 2nd, 2007 Slide No. 16
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Results and open issues [ m

General
+ Flex-GTa robust enough to be tested at regular impact speed
» good handling and usability under mechanical aspects

* ho expendables (foam, ligaments) needed

Comparison EEVC WG 17 PLI and Flex-GTa test results

good test results according to Euro NCAP can be confirmed by Flex-GTa-
tests (taking into account the currently proposed tentative injury thresholds)

Influence of impactor impact height

« clearly depends on the car impact height, the shape of the impact point
environment and the corresponding legform measuring point

« significantly smaller MCL loads with an increased impact height

Oliver Zander April 2nd, 2007 Slide No. 31
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N\

FlexPLI Technical Evaluation Group, 8th Meeting, Cologne, May 19, 2009 W

Lower Leg Performance with FlexPLI Version GTR — Results

£\
<7

FlexPLI Technical Evaluation Group, 8th Meeting, Cologne, May 19, 2009 —'Q
Lower Leg Performance with TRL LFI (Reference)

» \ehicle meets the
criteria of the LFI
to bumper test
according to
existing legislation.

» Vehicle was rated

ON 188
uonsod
()
peads }sa)

-
-
B

o
=}

completely green 211|401

in the LFl to

bumper tests of 3|2 |00

Euro NCAP.

» Vehicle is

considered to be 412|405

“pedestrian

friendly” in this Acc. lo McL Tibia A1 - A4
thresholds

area. Ia; pre- Il >23mm > 318 Nm Considering
a1 18.4-23mm  254.4- 318 Nm< 20% sarely
mTEc [ < 184mm  <2544Nm "

Thomas Kinsky, GM Europe Engineering / Adam Opel GmbH Page 2 meeting. Page 4



Test Procedure

1 GTR conditions (40 km/h, 75 mm height)

— Laser speed-traps to measure impact velocity
1 Center impacts

1 Overhead and lateral video
— Monitor alignment during flight

1 DTS Onboard SLICE Nano DAS

Laser
speed-traps

TEG-112 -

SLICE disconnect

Disconnect
anchor point

Test Matrix

1 Selection Criteria

— Vehicle location did reasonably well in TRL tests
(Mallory, ESV 2009 & more recent testing)

Vehicle Tibia Bending Angle | Shear Displacement
Acceleration (GTR: 19 deg) (GTR: 6 mm)
(GTR: 170 g)

2005 Honda CR-V

P
Nissan Fuga bumper)



Limit (GTR value for TRL
or 9 Flex TEG

recommendation for Flex-

GIR)

2005 Honda CR-V

TEG-112
Summary

TRL Legform Flex-GTR Legform

Bending
Angle

170 ¢

2002 Mazda Miata

2006 Infimti M35 wath
Nissan Fuga bumper

2006 Volkswagen Passat

2001 Honda Civic

Pass
(marginal)
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Green zone [Lower Legform]
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TEG-113

q Introduction of Test Vehicle and Test Method

Test Vehicle
Vehicle meets the criteria of the TRL-LFI to test
according to existing legislation

Vehicle was rated completely green in the TRL-LFI
to tests of Euro-NCAP

Vehicle is considered to be pedestrian friendly in
this area

Test Method

Impactor type Flex-PLi-GTR Prototype

Impact velocity 11.1202m/s

EEVC WG17 LFI by EURO NCAP

Wnpact zone [Green zone)

h Same point
Impact point 2 Same vehicles
Impact times 3 Impact per 1 Vehicle

75mm
[From ground level)

Impact Height

EEVC WG17 LFl

|

Injury Assessment |
I S
EEEET) m—

25%

148

q Comparison between EEVC WG17 LFI and Flex-PLi-GTR

50% 75% 100%

MCL Elongation (mm) ‘

)

19 deg.

170 g

6 mm

22 mm

" 340 Nm

@ Bending limitation of 19 deg.
—> MCL Elongation : 22mm

@ Tibla Acceleration limitation of 1709
—> Tibla Bending moment : 340Nm

-> ACL/PCL Elongation = 13mm
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m Conclusion

I
KATRI have conducted the round robin test for Flex-PLIi-GTR and as the result,

® Comparison between EEVC WG17 LFl and Flex-PLi-GTR for same vehicle
v Vehicle meets the criteria of EEVC WG17 LFl is also to meet Flex-PLi-GTR

v In spite of meeting regulation, The margin of Flex-PLi is shorter than EEVC WG17 LFI
v This result should not apply for every vehicle, it is only applicable to our tested vehicle

® Repeatability
v Alimost Good(62%) and Acceptable(24%)] but some happened not acceptable level(9%)

® [urability and Usability
v No serious issues on the durability and usability

® Some improvements are needed
v As for Design and Durability - No sharp edges and No fracture especially zibper
v As for Usability - More convenient and automatic control program
v As for stability : Better data download and electrical ground connection
# More consideration is necessary to unexpected and without-control rebound phenomenon



END



