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41. Biofidelity1. Biofidelity

�Component Level
• Leg/Thigh bending stiffnessg g g

Within the human corridor (TEG-021)
• Knee bending stiffness

M h l t th h id dMuch closer to the human corridor compared 
to that of the EEVC PLI (TEG-021)
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51. Biofidelity, contd.1. Biofidelity, contd.

�Full Assembly Level
• Evaluated by Accident Reconstruction Testsy

Showed possibility of good injury assessment 
ability of Flex-PLI. (TEG-022)

E l t d b i H d Fl PLI FE M d l• Evaluated by using Human and Flex-PLI FE Model
Good correlation between Human and Flex-PLI 
(extended rubber spec ) was observed(extended rubber spec.) was observed 
regarding Tibia bending moment and MCL 
elongation outputs. (TEG-096)g p ( )
+ 50 mm higher impact height to a car, 
compared to human one, was selected by 

ti f th l k f th hcompensating for the lack of the human upper 
body part in the specification of Flex-PLI. 
(TEG-032)(TEG-032)

GTR9-C-05 Part 1

6OutlineOutline

1. Biofidelity
2 P f /I j C it i2. Performance/Injury Criteria
3. Benefit
4. Durability
5. Reproducibility and Repeatability
6. Vehicle Countermeasures6. Vehicle Countermeasures

GTR9-C-05 Part 1



72. Performance/Injury Criteria2. Performance/Injury Criteria
�Discussions�Discussions

• Detailed discussions were made in the Flex-TEG. 
(TEG-035, TEG-048, TEG-076, TEG-077, TEG-078,(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):(TEG-127):
Tibia: 340 Nm
MCL: 22 mmMCL: 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)

GTR9-C-05 Part 1

82. Performance/Injury Criteria2. Performance/Injury Criteria
� Information: GRSP proposals� Information: GRSP proposals

• After the GRSP discussions, following values ware 
proposed: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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103. Benefit3. Benefit
�Estimations�Estimations

• Lower limb protection level provided by Flex-PLI 
was estimated by JAMA-JARI using NHTSA methodwas 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 vehicle2,438 person (in pedestrian - passenger vehicle 
(PV) accidents)
359 person (in pedestrian - large truck vehicle359 person (in pedestrian large truck vehicle 
(LTV) accidents)
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�Evaluations
4. Durability4. Durability

�Evaluations
• A lot of durability tests were conducted by Flex-

TEG members in many countries. (TEG-037, TEG-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 intest against a car which has poor performance in 
EEVC PLI test.

GTR9-C-05 Part 1



13OutlineOutline

1. Biofidelity
2 P f /I j C it i2. Performance/Injury Criteria
3. Benefit
4. Durability
5. Reproducibility and Repeatability
6. Vehicle Countermeasures6. Vehicle Countermeasures

GTR9-C-05 Part 1

14

�Evaluations
5. Reproducibility and Repeatability5. Reproducibility and Repeatability
�Evaluations

• A numerous revaluation tests regarding 
reproducibility and repeatability of Flex-PLI werereproducibility 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 TEGRev.1, TEG-087, TEG-089, TEG-093, TEG-094, TEG-
105, TEG-112, TEG-113)

�Results�Results
• Repeatability and reproducibility of Flex-PLI is 

accepted by Flex-TEG members.
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�Evaluations
6. Vehicle Countermeasures6. Vehicle Countermeasures

�Evaluations
• Various comparison tests, Flex-PLI and EEVC PLI, 

were conducted by Flex-TEG members in manywere 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 EEVCtrend between the Flex-PLI test results and EEVC 
PLI test results because specifications and 
measurement items are differed by Flex-PLI andmeasurement items are differed by Flex PLI and 
EEVC PLI. 
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Thank you for your attention!Thank you for your attention!y yy y
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AppendixAppendix
Summary, results and important slides from all of the y, p

past Flex-TEG documents relevant to the agenda items 
of the IG PS2

November 3rd, 2011
Japan

GTR9-C-05 Part 1



19OutlineOutline

1. Biofidelity
2 P f /I j C it i2. Performance/Injury Criteria
3. Benefit
4. Durability
5. Reproducibility and Repeatability
6. Vehicle Countermeasures6. Vehicle Countermeasures

GTR9-C-05 Part 1

20OutlineOutline

1. Biofidelity
2 P f /I j C it i2. Performance/Injury Criteria
3. Benefit
4. Durability
5. Reproducibility and Repeatability
6. Vehicle Countermeasures6. Vehicle Countermeasures

GTR9-C-05 Part 1



211. Biofidelity1. Biofidelity
- List of Relevant TEG Documents -List of Relevant TEG Documents 

Doc. # Affiliation Version Summary
- Dynamic 3-point bending test of the thigh and leg of Flex-GT

TEG-021 JARI Flex-GT

- Dynamic knee bending test of the knee of Flex-GT
- Comparison with human response corridors
Results
Flex GT thigh and leg bending responses fell within human- 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 JARI Flex-GT

- Reconstruction test of 2 car-pedestrian accidents using 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

GTR9-C-05 Part 1

221. Biofidelity1. Biofidelity
- List of Relevant TEG Documents -List of Relevant TEG Documents 

Doc. # Affiliation Version Summary
- Correlation study using a human FE model and a Flex-GT FE 

d l
TEG-032 JAMA-JARI Flex-GT

model
Results
- Impactor height of 75 mm provided best correlation by 
compensating for the lack of the upper bodyp g pp y

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

TEG-096 JAMA-JARI Flex-GTR 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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- List of Relevant TEG Documents -
2. Performance/Injury Criteria2. Performance/Injury Criteria

List of Relevant TEG Documents 
Doc. # Affiliation Version Summary

-Tentative injury thresholds for Flex-GT

TEG-035 JAMA Flex-GT

Results
-Human tibia bending moment : 312 – 350 Nm, human knee 
bending angle : 18 – 20 deg (MCL failure) for 50% injury 
probabilityp y
-Converted Flex-GT tentative threshold range : 299 – 337 Nm 
for tibia bending moment, 18 – 20 mm for MCL elongation 
- Tentative injury thresholds for Flex-GT (TEG-035)

TEG-048 JAMA-JARI Flex-GT

-Review of references
Results
-Reference for tibia : Kerrigan et al. (2004), Nyquist et al. 
(1985)(1985)
-Reference for MCL : Ivarsson et al. (2004), Konosu et al. 
(2001)
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- List of Relevant TEG Documents -
2. Performance/Injury Criteria2. Performance/Injury 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

TEG-076 JAMA Flex-GT

- New proposal of 23 mm for Flex-GTR MCL elongation
Results
- Human-Flex-GT knee response correlation analysis using FE 
h Fl GT d i lifi d hi l d l i l dihuman, 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

- Review of proposed tibia bending moment threshold
Results
- Average value of proposed tibia bending moment threshold 
is 318 Nm

GTR9-C-05 Part 1
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- List of Relevant TEG Documents -
2. Performance/Injury Criteria2. Performance/Injury Criteria

List of Relevant TEG Documents 
Doc. # Affiliation Version Summary

-Correlation study between Flex-PLI and TRL-LFI showed no 
ibl t f ACL/PCL t ti

TEG-078 BASt Flex-GT

comparible assessment of ACL/PCL protection
Results
- 12.7 mm ACL/PCL elongation limit for monitoring purpose 
only proposed based on one paper presenting 2 human datay p p p p p g
- First estimation of MCL elongation limit : 18-20 mm, muscle 
tone already taken into account
- Injury probability function for human tibia fracture

TEG-084 JAMA Flex-GTR
- Data scaling options
Results
- Different data scaling options resulted in the range of 
bending moment of 312 – 397 Nm for 50% fracture probabilitybending moment of 312 397 Nm for 50% fracture probability
-Proposal for bending angle threshold (50% probability) of human 
MCL failure
Results

TEG-095 JAMA Flex-GTR
- For injury timing definition options from Ivarsson et al., the 
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, p ( p , p ,
1/8 no injury)
- Proposed human knee bending angle threshold: 19 deg
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- List of Relevant TEG Documents -
2. Performance/Injury Criteria2. Performance/Injury Criteria

List of Relevant TEG Documents 
Doc. # Affiliation Version Summary

- Proposal for Flex-GTR injury thresholds based on human 
th h ld f 50% i j b bilit d h Fl GTR

TEG 097 JAMA Flex GTR

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

Results
- Estimated human threshold for 50% injury probability: Tibia TEG-097 JAMA Flex-GTR j y p y
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:- Converted Flex-GTR thresholds for 50% injury probability: 
Tibia bending moment = 380 Nm, MCL elongation = 21 mm

- Human tibia fracture probability function using scaled data
- Conversion to Flex-GTR threshold (50% risk) using human vs 

TEG-098 BASt Flex-GTR

( ) g
Flex-GT correlation analysis and Flex-GT vs Flex-GTR 
correlation

Results
6 data from Nyquist et al scaled to German anthropometricTEG 098 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
C t d Fl GTR tibi b di t th h ld 260- Converted Flex-GTR tibia bending moment threshold: 260 –
301 Nm
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- List of Relevant TEG Documents -
2. Performance/Injury Criteria2. Performance/Injury Criteria

List of Relevant TEG Documents 
Doc. # Affiliation Version Summary

-Generic trace of Flex-TEG injury criteria discussion

TEG-127 Flex-TEG Flex-GTR

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: Tibiareached 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 
the rebound phasethe rebound phase
- Proposal to ignore injury measures during and after the 
rebound phase
-Review of literature on ACL/PCL injury threshold

TEG-129 ACEA Flex-GTR

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- 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

GTR9-C-05 Part 1

42

- List of Relevant TEG Documents -
2. Performance/Injury Criteria2. Performance/Injury Criteria

List of Relevant TEG Documents 
Doc. # Affiliation Version Summary

- Car test (1 one-box, 2 sedans, 1 SUV) and dynamic certification 
t ttest
- Correlation analysis between TRL-LFI and Flex-PLI
- Geometric analysis of correlation between Flex-PLI shear 
displacement and ACL elongation

TEG-130 BASt Flex-GTR
p g

-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)
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- List of Relevant TEG Documents -
3. Benefit3. Benefit

List of Relevant TEG Documents 
Doc. # Affiliation Version Summary

- Estimation of lower limb protection level provided by Flex-PLI

TEG-049 JAMA-JARI Flex-PLI

- Follow NHTSA methodology (GRSP/2006/7), based on PCDS 
data

Results
- Estimated number of injury-prevented pedestrians by PV:Estimated number of injury prevented pedestrians by PV:  
2,438

- Estimated number of injury-prevented pedestrians by LTV:  
359
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- List of Relevant TEG Documents -
4. Durability4. Durability

List of Relevant TEG Documents 
Doc. # Affiliation Version Summary

- Dec 2006 - Apr 2007 BASt test programme

TEG-037 BGS Flex-GT

- 70 tests at 40 km/h using Flex-GT
- Durability check
Results

Flex GT� withstood more than 70 tests @ 40 km/h- Flex-GT� withstood more than 70 tests @ 40 km/h
- No major mechanical defect
- Cable defects outside the impactor
- Minor design and wiring modifications requiredg g q
- 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 
h i ht f t bilit

TEG-063 NHTSA Flex-GT
height for repeatability

- Durability check
Results
- Several minor issues but no catastrophic damageSeveral minor issues but no catastrophic damage
- Need to test more aggressive vehicles to evaluate durability 
for US fleet
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- List of Relevant TEG Documents -
4. Durability4. Durability

List of Relevant TEG Documents 
Doc. # Affiliation Version Summary

- Flex-GTR car test (2005 Honda CR-V, 2002 Mazda Miata, 2006 
I fi iti M35 2006 VW P t 2001 H d Ci i )

TEG-112 NHTSA Flex-GTR

Infiniti M35, 2006 VW Passat, 2001 Honda Civic)
-Durability comparison between Flex-GT and Flex-GTR
Results
- Improved durabilityImproved durability
- Poor performers in TRL legform tests have not been tested

TEG 113 KATRI Fl GTR

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

TEG-113 KATRI Flex-GTR
y

Results
- No serious issues on durability
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68TEGTEG--063063 (Flex-GT Damage)
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- List of Relevant TEG Documents -
5. Reproducibility and Repeatability5. Reproducibility and Repeatability

List of Relevant TEG Documents 
Doc. # Affiliation Version Summary

- Dynamic certification test (pendulum)

TEG-021 JARI Flex-GT
Results
- Comparison of 36 tests for femur and tibia
- Comparison of 18 tests for MCL, ACL and PCL

B di t t f f tibi k f Fl 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

TEG-034
J-MLIT
/NTSEL

Flex-GT
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
- Car test (2 cars) using Flex-G and Flex-GT
D i tifi ti t t (P d l )

TEG-036 BASt Flex-GT

- Dynamic certification test (Pendulum)
- Repeatability evaluation
Results
- Maximum tibia bending moments: SD between good andMaximum 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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