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] Background

Regulation & K—NCAP

.....

‘ - Global
. . _NMAADY 2 A vaas /0 Technical
® Pedestrian protection (K-NCAP) §e pi = 1o Regilations
v Headform test had been Started since 2007 L he A Sotety

LA Standards

v Legform test was added since 2008

® Pedestrian protection (KMVSS)
v New vehicle [2013)
v" 0ld vehicle (2018)

Round Robin Test for Flex—PLi

® Test is conducted by KATRI as a part of Round Robin Test for Flex—PLi (E-Legd])
® The purpose of test is to assess repeatability and reproducibility for Flex—PLi
® Test was composed by real vehicle impacts and dynamic calibration (Pendulum)
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q Acquisition of Master Leg(E-Led]
I

- Date of acquisition : Monday 19 November 2012
- Sending by Germany (HUMANETICS)

- Composition

- E Leg, Skins, Rubber, DAS and cables etc.

- Sending by Japan [HUMANETICS]
- Compaosition
— Ballast femur, Femur brocket
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q Comparison of E-Leg Vs K-Legd
| _

- E-Leg Vs K-Leg : Basically There are no difference
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q Introduction of Test Vehicles and Method

Test Vehicles

Test Vehicles meet the criteria of GTR No.9
for TRL LFI

Test Vehicles were rated completely green
in the TRL LFI to tests of KNCAP in 2012

e 1 sedan and 1 SUV B Test Method

Impactor type Flex—PLi(E-Leg) & Flex—PLi(K-Leq)

Impact velocity 11.1+0.2m/s

Impact point L1, L2, L3 (both of sedan & SUV)

(E-Leg)_sedan & SUV
2 impacts at each of L1,L.2,L3

(K-Leg)_only SUV
1 impacts at each of L1,L.2,L3

Impact method

Impact Height 75mm (From ground level)
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Vehicle Impact Test Process

Impact : L2

O

Bumper replace

&

Impact : L1 Impact : L3

&

Bumper replace

L2 : 1 impact per 1 bumper

<---———————-

v pmmmmmmmmmmmmmmmmmm e 1
1
L1 & L3 : 2 impacts per 1 bumper Bumper replace parts i
— Impact beam !
- Facer i
!
1
1
H

— Energy absorber
— Lower stiffener

— V 2 B 5 T
(A MLTM s Korea Transportation 6
i S Safety Authority



GTR9-5-16

Vehicle Impact Test Result (L2, E-Leg, SUV)

Pedestrian Lower Legform Impact Test - Flex PLI

7S5 KATRI
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# Test Information
Date : 2012-11-23
Test Name : RRT-
Vehicle Name :

Impact Speed : 40.03

# Knee Elongation(mm) / CFC_180

LCL : 15.70 mm

PCL :

5.27 mm

MCL : 18.31 mm
ACL : 8.40 mm
Max : 18.31 mm

# Tibia BM(Nm) / CFC_180

T1-BM
T2-BM
T3-BM

T4-BM :

:250.11 Nm
:242.42 Nm
:179.10 Nm
81.56 Nm

Max : 250.11 Nm

-L2-T2
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Vehicle Impact Test Result (L2, E/K-Legd, SUV)
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q Comparison Injury Assessment between TRL Vs Flex—PLi

Sedan (L1) Sedan (L2)

th) B TRL MFlex-PLi m Flex-PLi =
ex-PLi ex-PLi ETRL ®Flex-PLi m Flex-PLi
81.68 81.96 70.38
55 47 5947
45.11

2933 33.46 33.07

Acceleration Vs Tibia Bending Angle Vs MCL Shear Displacement Vs Acceleration Vs Tibia Bending Angle Vs MCL  Shear Displacement Vs
\ ACL, PCL ACL, PCL
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Acceleration Vs Tibia Bending Angle Vs MCL  Shear Displacement Vs Acceleration Vs Tibia Bending Angle Vs MCL Shear Displacement Vs
ACL, PCL ACL, PCL

e T I I T T T OO’ TTTTTTTUTTTTTUTTTTTYTUTTTTEMTTTTNYT™S

¢ \
I 1
! SUV (L1) SUV (L2) !
1 enue bl Dl ]
I WTRL ®Flex-PLi & Flex-PLi (%] mTRL ®Flex-PLi m Flex-PLi I
:108.99 : I

! s o7 84.18 -
I 72.56 6196 70.98 /<. 64.42 65.42 i
| 45.83 |
| 25.26 27.48 30.88 |
| |
| 1
1 |
| 1
l 1
/

\

Tibia Acceleration limitation of 170g  Bending limitation of 19 deg. Shear displacement limitation of 6mm
-> Tibia Bending moment : 340Nm -> MCL Elongation : 22mm -> ACL/PCL Elongation : 13mm
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i Repeatability E-Leg (Sedan]

TIBIA 1 TBIA2 | TIBIA3 | TIBIA4 MCL ACL PCL
TEST-1 138.2 1432 1472 2029 139 4.6 106
TEST-2 164.1 180.1 1815 165.9 129 5.1 10.7
L1 MEAN 151.15 16165  164.35 180.4 134 4.85 10.65
ST.DEV 18314  26.092] 24254  26.163  0.7071 03536  0.0707
CV 01212] 01614  0.1476] 01419 00528] 00729  0.0066
Cvi% |  1212] 1614 1476  14.19 5.28 729 066

TIBIA 1 TBIA2 | TIBIA3 | TIBIA4 MCL ACL PCL
TEST-1 136.3 149.4 1236 116 13.3 4.7 46
TEST-2 1145 157.4 139.6 127.7 129 4 4
12 MEAN 1254 153.4 1316] 121.85 13.1 4.35 43
ST.DEV 15415 56569 11314  8.2731 0.2828 0495  0.4243
CV 0.1229  0.0369 0086  0.0679 00216 0.1138  0.0987
cviw [ 3.69 8.60 6.79 2.1} 9.87

TIBIA 1 TBIA2 | TIBIA3 | TIBIA4 MCL ACL PCL
TEST-1 1905 185.8 150.8 1239 16.7 7 6.8
TEST-2 204.4 1775 165.3 126 176 78 5.7
L3 MEAN 19745 18165 15805  124.95 17.15 74 6.25
ST.DEV 0.8288 5869 10253 1.4849 06364 05657  0.7778

CV 00498 00323 00649 00119  0.0371
C.V(%) 4.98 3.23 6490 119 3.71
| 3% <CV=7%|T%h <
' | acceptable |

MLTM £ §' 1=
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Repeatability E-Leg (SUV]
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TIBIA 1 TIBIA 2 TIBIA 3 TIBIA 4 MCL ACL PCL
TEST-1 251.8 361.8 302.5 122.3 6.8 19 4.6
TEST-2 252.4 379.3 396.5 138 0.4 8.2 3.9
L1 MEAN 252.1 370.55 329.5 130.15 6.1 8.05 4.05
ST.DEV 0.4243 12.374 38.184 11.102 0.9899 0.2121 0.7778
C.V 0.0017 0.0334 0.1159 0.0853 0.1623 0.0264 0.1921
C.V(%]) 3.34 8.53
TIBIA 1 TIBIA 2 TIBIA 3 TIBIA 4 MCL ACL PCL
TEST-1 246 246.1 169.8 771 18.7 8.6 9.3
TEST-2 250.1 202.4 179.1 81.6 18.3 8.4 9.2
L2 MEAN 248.05 244.25 174.45 79.35 18.5 8.5 9.25
ST.DEV 2.8991 2.6163 6.5761 3.182 0.2828 0.1414 0.0707
CV - e L e < QAUAL o o 00372 L 0040 L 0SS . A QIGA. . . 00135
C.V(%] 3.77 4.01
TIBIA 1 TIBIA 2 TIBIA 3 TIBIA 4
TEST-1 257.5 3114 226.9 105.4 16.8 6.9 4.7
TEST-2 228 299 289.4 1225 125 6.9 4
L3 MEAN 242.75 305.2 258.15 113.95 14.65 6.7 4.35
ST.DEV 20.86 8.7681 44.194 12.092 3.0406 0.2828 0.495
CV 0.0859 0.0287 0.1712 0.1061 0.2075 0.0422 0.1138
C.V(%] 8.59
[ 3% <CV=1% [Th<CV=10%
o | acceptable | margina
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Repeatability E-Leg Vs K-Leg (SUV)

TIBIA1 | TIBIAZ | TIBA3 | TIBA4 | MCL ACL PCL
E-Leg 2521 3706 3295 1302 6.1 8. I
K-Leg 200.73 352 30083 14651 372 661 3
L1 MEAN 20642 3613 33517 13836 491 7.355 35
ST.DEV 80398 13152 80115 _ 11533 _ 16820  1.0535 _ 0.7071
Cv 00326 00364 00239 00834 03428 _ 01432 0.202
C.VL%) 326 364239 .34 RGN0

TIBIA1 | TIBIA2 | TIBA3 | TIBA4 | MCL ACL PCL
E-Leg 208 2468 1744 793 185 85 5.2
K-Leg o505 20680 17863 8675  17.83 87 668
12 MEAN 25125 24685 17652 83025 18.165 86 594
ST.DEV 45062 00636 29911 52679 04738  0.1414 10465
Cv 00183 00003 00169  0.0635 00261 00164 _ 0.1762
cv | 183 003 169 635 261 1coNNGA

TIBIA1 | TIBIA2 | TIBA3 | TIBA4 | MCL ACL PCL
E-Leg 2027 3052 2582 1139 186 6.7 a4
K-Leg 2057 2781 2772 134 144 65 445
13 MEAN 2042 29165 2677 124 145 66 4425
ST.DEV 21213 10163 13435 14284 01414 01414 0035
cv 00087 00657 00502  0.1152 _ 00098 00214 0.008
cviw |[WINNO87 657 .02/ SR 00s 2 00

V= % <OV = 7% [T V=10
P S good | acceptable | marginal
=Y VM WD s 12
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Repeatability (Overall)

Repeatability (Total)

mSedan(E1-E2) MSUV(E1-E2) m SUV(E-K)

Number

Good Acceptable Marginal Not Acceptable

3% <CV=T%
acceptable
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Repeatability (L1/L2/L3)

Repeatability (L1) Repeatability (L3)
Number Number
M Sedan(E1-E2) MWSUV(E1-E2) m SUV(E-K) W Sedan(E1-E2) MWSUV(E1-E2) m SUV(E-K)

Good Acceptable Marginal Not Acceptable Good Acceptable Marginal Not Acceptable

Repeatability (L2)

mSedan(E1-E2) MSUV(E1-E2) mSUV(E-K)

Number 5 5

2
1
o . |

Good Acceptable Marginal Not Acceptable

W< CV=T% 7% < CV =10%

’A M!—TM ‘ Korea Transportation acceptable ‘marginal 1
i et Safety Authority




ﬁ Dynamic Calibration (Pendulum) Test
|

Pre-Test Post-Test

GTR9-5-16
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Dvnamic Calibration Test result (E-Leg test-1)

Dynamic Calibration(P) E LEG-T1- Pedestrian TS KATRE Dynamic C: ) E LEG-T1- tri IS5 KATR! Dynamic C: (P) E LEG-T1- T KATRI Dynamic Calibration(P) E LEG-T1- Pedestrian TE KATRI
Tibia Moment.01 : Pendulum Dynamic Callbration oo Tibia Moment.02 : Pendulum Dynamic Callbration Tibia Moment-03 : Pendulum Dynamic Calibration e ceseton Tibia Moment.04 : Pendulum Dynamic Callbration oo
o i | ]| remomocr A = Test umbor e T 1]
i | oy | o s e Ton Lo | I e oo
Do Tesr 2012-1126 . o of Tos 2012112 Do ot Tom 0121128
Cutomer e Code Cutomer Venc Gade Costomer. Ve Gode fonistvtova
Channet ormaton Ghanne iformaton Ghanne formaton Channet normation
[ — Name - COTBIMUPPFHOXC Namo - QOTBIMLOPFIOXG Nome : 00T OOOPFMOXC
1 Fhr s - CRC 180 180 6487 ) FrGas -CFC 160 180 6487 / s Gass - GFC 160,180 6487 ( Vv For Gasn - GFC 180,150 8487
v T Moment1(ASS) T Homenta2AS8) il Moment 4PASS)
e 25657 A S0 s j e 20808 Nm B9 [ L w1578 N 1 87 . 10708 Nt 8 s
£ 5247 N 207 ms o / M. 5457 m 1212 s Mo 2147 Nt 6ms
\ | o4
™~
N
PR A R M I P P A A e A 3 T - o 3 By A I RN P P A T

Dynamic Calibration(P) E LEG-T1- Pedestrian 5 KATRI

Knee MCL : Pendulum Dynamic Calibration

Data Description

WNEE MELE[ONGATION_GFe] 180 Test Number: DG

i Test Mode: Pedestrian
ML Loner Cedor Test Location

Date of Test: 2012-11-26
Customer: / Vehicle Code

Channel Information

Narme : 00KNEEMCOOPFDSZC.
Channel Unit: mm

Filler Class : CFC 180, 1SO 6487

Kneo MCL-Elongation(PASS)
/ Max.: 22,99 mm at 94 ms

-0.72 mm at 220 ms

f i

Time axis 5]

TS

Korea Transportation
Safety Authority

MLTM 47

Minisery of Land,
Traispont and Maritme Aftais

Dynamic Calibration(P) E LEG-T1- Pedestrian Dynamic Calibration(P) E LEG-T1- Pedestrian TS KATRI
Knee ACL : Pendulum Dynamic Calibration Knee PCL : Pendulum Dynamic Calibration
Data Description Data Doscription
i e RS EloNGATION GrC a0 Test Number: DCP i FEP OGNS ]| Tostumber 007
| nct|pper Girridar Test Mode: Pedestrian | Ct{uppor Comdcr Test Mode: Pedestrian
T Test Location L Potous ol Il estocation
Date of Test 2012-11.26 Date of Test: 2012-11-26
R Customer: / Vehicle Code. ] Customer: / Vehicle Code
h Channel Information ‘Channel Information
Name : 0OKNEEACOOPFDSZC Name : OOKNEEPCOOPFDSZC
Channol Unit: mm Channel Unit: mm
Filtr Class : GFC 180, IS0 6487 3 b~ Filer Class : CFC 180, 1S0 6487
Knee ACL-Elongation(PASS)
Max.: 9.60 mm at 93 ms Max.: 4.73 mmat 95 ms
Min. -0.30 mm at 178 ms Min.: 1.98 mm at 14 ms
/ N \
LT \\_/
B L.
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Dvnamic Calibration Test result (E-Leg & K-Led])
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M Repeatability E-Leg Vs K-Leg (Dynamic calibration]
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acceptable |

TIBIA1 | TIBIA2 | TIBIAS | TIBIAA | MCL ACL PCL
TEST-1 25837 20808 15795  107.05 2299 06 173
TEST-2 26326 21185 16027 10856 2349 0.68 191
Eleg | MEAN 260.82 20997 15011 10781 2324 0.64 1.82
ST.OEV 31578 26658 16405 10677 03536 00566  0.1273
Cv 00133 00127 00103 00099 00152 00059 00264
Cvi) | 183 127 108 089 152 059 264
TIBIA1 | TIBIA2 | TIBIAS | TIBIAA | MCL ACL PCL
TEST-1 26003 21218 16306 10931 2246 0.7 1.49
TEST-2 26097 21182 16217 10843 2228 0.94 1.04
Kleg | MEAN 260 212 16262 10887 2237 084 4265
ST.DEV 00424 02506 06293 06223 01273 01414 03182
Cv 00002 00012 00039 00057 00057 00144 00746
Cvid | 002 012 039  05]] 057 144 746
TIBIA1 | TIBIA2 | TIBIAS | TIBIAA | MCL ACL PCL
E-Leg 26082 20097 15011 10781 2324 0.64 1.82
K-Leg 260 212 16262 10887 2237 084 4265
EVSK |  MEAN 26041 21098  160.86  108.34  22.805 070 45425
ST.DEV 05763 1439 24784 07531 06152 01414 03924
Cv 00022 00068 00154 0007 0027 00145  0.0864
CI%) 8.64

[ 3% <CV=T% [1%<CV=10%

18
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* Repeatability E-Leg Vs K-Leg (Dynamic calibration]
B

Repeatability (Dynamic calibration-P)

M E-Leg W K-Leg MWEVsK

C.V(%) 8.64

1.54 .
1.33 1.27 152 1.44 1.45

J 0.02 0.22
|

Thial Thia2 Tibia3 Tibiad MCL ACL PCL

3% <CV=7% | 7% <CV=10%
acceptable | m

r\A M LTM 9 ‘ Korea Transportation 19
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] Summary-1

KATRI have conducted the round robin test and Findings up to now are as follows,

e Comparison for injury assessment between TRL and Flex-PLi (sedan & SUV)
v \lehicles meet the criteria of TRL LFI aimost also meet Flex-PLi [except for 1 Tibia value)
v This result should not apply for every vehicle but only result for relevant this test vehicles

e Comparison for repeatability of vehicles impact test (sedan & SUV)
v Sedan : Repeatability is almost not good result
- The cause is basically not stiff enough, so some deformation of FEM(H/L) was happened
- Bumper Replace times (L2 : 1 impact per 1 bumper, L1/L3 : 2 impacts per 1 bumper)
* First impact of L1/L3 area had an effect on rest impact point (ex, Lower stiffener bending)
v SUV : Repeatability (L2) is good result, but other points are not good result
- The cause is impact per 1 bumper, and shape of bumper is simple and flat (L2)
- Bumper replace times (L2 : 1 impact per 1 bumper, L1/L3 : 2 impacts per 1 bumper)
% First impact of L1/L3 area had an effect on rest impact point (ex, Lower stiffener bending)
— Bumper shape of L1/L3 area is more complex relatively than L2 area

(A M LTM ‘ 4 E'E] Transportation
Lrim ot IO Safety Authority 20
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] Summary-2

e Comparison for repeatability of dynamic calibration (Pendulum)
v Both of E-Leg and K-Leg are almost good repeatability for dynamic calibration
v Repeatability of E-Leg is good result (ALL of injury items are good value, cv%)
v" Repeatability of K-Leg is good result except for PCL (PCL is marginal value, cv%]

e Durability and Usability
v No serious issues on the durability and usability

e Some improvements are needed
v" As for spare parts : Zipper and zipper hook are not enough strong
v" As for connector : More hardness is needed to protect connector from damage and to
download data safely

. MLTM 7 37
A = A Korea Trum;pmt:mnn 21
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Thank you for your attention

(:A M LTM (4 I‘ia Transportation
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