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Establishment and validation of improved six-year-old pediatric
thorax human model

YING Long', GE Ru-hai'?, ZHANG Xue-rong', ZHOU Jin-bao' (1. School of Automotive and
Traffic Engineering, Jiangsu University, Zhenjiang 2120132, China; 2. Department of Automobile and Traffic,
Wuxi Institute of Technology, Wuxi 214121, China)

Abstract: Objective To improve the biological fidelity of the thorax flexible body in the original MADYMO child hu-
man model, so as to further study pediatric thorax injuries of child occupant. Methods The finite element model
of six-year-old pediatric thorax was built by the method of reverse modeling based on CT images. By replacing
the thorax model with flexible body in MADYMO six-year-old human model, an improved human model containing
biomechanical thorax model was developed. The model was verified by joint validation of two tests, including
Irwin and Mertz’ s method of scaling channel reported in Kroell’ s adult chest impact experiment and Ouyang’ s
thoracic impact test on pediatric cadavers. Results The response of this established thorax model was in good
agreement with scaling channel method and cadaver test data, and the thorax model was much more accurate
than the original flexible body model. The resilience of simulation model was consistent with cadaver test.
Conclusions The validity of the model is verified, and the results can be further used for occupant injury analysis
in vehicle frontal crash.

Key words. Pediatric thorax; Reverse modeling; Finite element analysis; Dynamics; Biomechanics
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Tab.1 Comparison of pediatric size between cadaver, original

model and standard of Chinese child

JEA 4 ~6 B RIMAFEN
iH ik .
1A S0 /AL 75 B4
B/ em 116.2 116.0 111.3 117.0
Mii/kg 19.8 21.0 18.9 21.3
89 ]/ mm 598.0 — 598.0 628.0

1.2 6 ZI)LEMEERTEE

W HEST ) = 4R S A\ HyperMesh 12. 0 47
B Pt R A A 4 W T A DR A R 4 5 H A I
LT T 3 38 [ AR r RSB I A SRS R o o
B LA W 55 B v R 8 S A A AR
X O LR AN S 5 R A M 7 R AR A
SN BIATTITE SR ey o sl S i
LR/, A T o L 2 RAF I i oA v 5 g Tt
Ui AH OGS 431 RE B, DA S S R EE A3 4l

1 MEERTER

Fig.1 Finite element model of the thorax
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Tab.2 Mesh quality
LiSTve 3.1 MEsC b RhR ERE K s/MA KM
R >0.7 <5 <60 <5 >20 <120

SRR
R Feit 100%  100%  99% 100%  99%  99%

e g3k >0.7 <5 <60 <5 >20 <120
ST L
JFim 100% 100% 100% 100% 100% 100%
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Tab.3 Material parameters of bones

HBAL #E p/(kg-m™) E/MPa v
Tl - 5 B 2 000 8 500 0.3
T B B it 1 000 250 0.4
il Bk 2 000 8 500 0.3
=R/ S 1 000 250 0.4
e e bk 2 000 32 0.4

®4 OB SHRSE

Tab.4 Material parameters of the heart and lung

WA BB p/(kgem™P) K/MPa  Gy/MPa G, /MPa
ORE R 1 000 0.22 0.020 0.075
it i 600 2.19 0.067 0.065
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Fig.2 Simulation of the cadaver test
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Fig.3 Comparison of simulation model, original model and scaling channel (a) At impact speed of 4.3 m/s, (b) At impact speed of 6.7 m/s
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Fig.4 Thorax deformation in frontal impact at impact speed of 6.7 m/s (a) 0 ms, (b) 5 ms, (c¢) 10 ms, (d) 15 ms

(b) 5 ms
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Tab.5 Results of simulation and cadaver tests

WiH 65 75 {1
WA/ (m - s7") 5.9 6.5 6.0
Ha R AR £/ mm 64 65 61
T4 e RINEEE g 71.2 91.7 72.4
BKZH1/kN 1.200 1.560 1.208
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Fig.5 Thoracic force-deflection curves of cadaver and simulation

models

Ouyang 45"Vl 3R tH 5 ~ 12 % 4 B /3-8 T%
R I(E, UE 3R AS 3 T 7 (AR 58 4508 TR 1 it 38
F-AS TG M2 B E T E . (0 F 7 5 S M AR Y
AT HERR , 5 500 3 G R AR T
B Parent %57 F T 5 A0 U6 U 3 T8 O 44 45 %t
GRS 3-8 T8 M2k, R A8 TR B 0 (A i
BRI E . I, SR 5 3 #1781 56
Tk,

o AR TR A L5 L 5 I UE X [] A 6] B 2 R
K67 . i ELASE AU 1) il 4 -8 B ith e fE 90 1R
THBr B T i i U, 7R 28 B 5O 10 mm 72
A /N R M T DX ] S AF v ) B AR A X
] rp g, R AR T o B rp R KA T B AR T
6.7 m/s 4R HGIHTE (058 & fF A% X M ESR, T
R B RbR A SR A R AT & B, ATRLACH
15 B M A B 7 ARt g i 1 X i)

Lor — Xjain st
------- R LR
] S
Z ______
£ o8
P
0.4
0 10 20 30 40 50 60 70

A5 /mm
6 EFPHFRENBIIEESHESER

Fig.6 Validation channel based on cadaver tests and simulation

results
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