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Study on Characteristic of Flex-PLI for the Pedestrian
Protection and Countermeasure for Compact Vehicles
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ABSTRACT

In 2014 Flex-PLIfor the pedestrian protection will be applied to NCAP test. The most significant feature
of Flex-PLI is constructed with segmental bone cores for the femur and tibia regions. So it can be more
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reproducible by representing pedestrian injuries such as knee ligament and tibia injury during the pedestrian

crash against vehicle.

In this paper, Analyzed the characteristics of Flex-PLI through the structural analysis and the test results
by using Flex-PLI for our compact vehicles. Finally countermeasures into compact vehicle were proposed to

fulfill the injury criteria of Flex-PLIL
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Fig. 1 KNCAP score vs. Field accident
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Table 1 compare of Flex-PLI & EEVC LFI

Flex-PLI EEVC LFI
Node 20 2
Length 928 mm 926 mm
Width / Diemeter | 10884X Xn%? | ®70mm
Femur | Bending moment Tibia
Tibia | Bending moment acceler-ation
I\/I[I;;l;iyri ACL#* elongation e 1
ement | Koo PCL* elongation cn SI}lliarang e
MCLx* elongation displa-cement
LCL#* elongation

# ACL @ Anterior Cruciate Ligament
* PCL : Posterior Cruciate Ligament
# MCL : Medial Collateral Ligament
* LCL : Lateral Collateral Ligament
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Fig. 2 Deformable behavior of (a) Flex-PLI and (b) EEVC LFI
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Fig. 3 Motion comparison between Flex-PLI and EEVC LFI
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Table 2 Relation of human injury and leg forms

Human Injury Flex-PLI EEVC LFI
Tibia fracture Tibia bending Tibia Acceleration
mo-ment
MCL failure MCL Elongation | Knee bending angle
ACL failure | ACL Elongation Knee shear

displa-cement

MCL
ACL
Ligament;
L LU [Ligament]

(a) EEVC LF], (b) Flex-PLI

Fig. 4 Injury measurement
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Fig. 5 Results of correlation analysis
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Table 3 Test matrix
Energy al?sorber Lower stiffener Remarks
material
. Steel Pipe B
Case 1 Plastic (@ %54)
. Steel Pipe
Case 2 Plastic @ 217) Insert the
Stecl i steel bracket
ecl Tipe into bumper
Case 3 EPPx* (@ 217) pe
* Expanded Polypropylene
Fig. 8 Vehicle setting with Flex-PLI
4.2 ®7| At
A W7k A EPP WS oA F4AE 48
Case 3 ©] 7V¢ £ A3l d5& BIom A A3
+ Table 4 ¢} 2t}
Table 4 Test results
Tibia bending moment Knee elongation
(Nm) (mm)
T | T2 | 3| ™ |ACL|PeL | ML
1T 282~340 ~10 19~22
Case 1| 2207 | 1825 | 1202 | 1114 | 109 | 45 | 143
Case 2| 234.1 | 2203 | 1668 | 1433 | 85 36 | 119
Case 3| 201.6 | 164.8 | 137.2 | 1436 | 9.0 39 | 131
* IT: Injury Threshold
ANSAerM st K| H4H, H25, 2012
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15



4EM - = - S

rx

3) Flex-PLI¢| A& A&
73 Wdo| 7153y Wie ZHUE Wy o
I R P S AR b
a3k dJake s

4) Flex- PLI-J 4709

=

A
5 71 7 e FE QI &4l MY & 4%
Sl
3]
h= 4

L A= UHIE A%olw, A4 EEVC LFI
Fig. 13 Behavior of Flex-PLI at 25 ms R A
S AE Fo) ke g A e FA7L o
@74 NCAP #7o] AH5 3 9 EEVC LFIS & .

Qe ANE 22 ows Sun JRE FUAA 4 6 Y AFE AF A} el 42 g A
29 ME AL FEHAOL Flex-PLIA 52 AH & ol A e el el s e
e Mes Aod 7 Wt SAstA AT o8 hEFY AFol A7] wie] F& A A

A 1Y e 2 198 5 0 o SR E T

Aol A3 1 e AT N
S Al ¥ g 4EE U ¢ s
= A go] Gasi 2
M ol %
5.3 B A3

01433 e ZU/¥d NCAPERHARS vy (2) o], °]9

7ol 442 Flex-PLIS| 54 stote 913 A3 3 ©71, Afre, 2010, 20116 g o ok
7te} sl4 Ans aokshd ey 2ok pp. 365
) A NCAPANA A}&3ta )= EEVC LFI= 4 (3) Economic  Commission for  Europe, 2010,
A Balap Bk Azkel] 27 g FA %) ECE/TRANCE/WP.29/GRSP/2010/37
3 9o ol HEly] 93 Flex-PLIZF &4 (4) Peter LeBmann, 2011, Lower leg Impact Future
H9th, Front-End Requirements due to the Flex-PLI,
2) Flex-PLIE= A7 200tz FAE o] 242k A International Conference Automotive Front-End
ol tizeld 2 Ao wiEl 43 AF (5) Dirk-Uwe Gehring, 2010, Flexible Pedestrian
o] 7}setH, A A= Uﬂloﬂ/\i—‘i A A3 = Legform Impactor, TEG-142-Rev.1
A X2 4NrR ARsEgn T2 oy & (6) KATRL, MLTM, 2009, KATRI Round Robin
Aw ol Tz SAVEH 4AR AEEEe Tests Using the Flex-GTR-Prototype (SNO03),
AA FAEE NAstAT) TEG-113

16 ASItetESte X H4A, H2S, 2012



