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Development and Validation of a Neck Muscle
FE Model for Rear Impact Study

LI Fan',CAO Ying-chun,SU Si-cheng, HUANG Jing
(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan Univ,Changsha, Hunan 410082 ,China)

Abstract: The aim of the present study was to develop and validate an FE model of neck muscle system
according to human anatomy structure in order to analyze the influence of neck muscle activation on head-
neck dynamic responses and biomechanical responses under rear impact loading condition. A three-dimen-
sional neck muscle model was developed on the basis of the MRI data of a 50th percentile male. The model
was then combined with a previously developed and well-validated head-neck FE model in Kriging method.
The passive and active behavior of a single neck muscle was defined by coupling Ogden and Hill material
models. The neck muscle FE model was validated through volunteer tests of rear-impact conducted in
Chalmers University of Technology. The result has shown that, compared with non-activation muscle be-
havior, the displacement of head CDG to T1 decreases by 12mm while the angle displacement decreases by
4°, which indicates the significant effect of muscle activation on head kinetic responses. The head-neck dy-

namic responses from the simulations are consistent with the test results. The current neck muscle FE
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model is of a good biofidelity and can further be used for occupant neck biomechanical research in rear im-

pact loading conditions.

Key words: muscle activation;vehicle rear impact;neckinjuries; biomechanics; FE model
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Fig. 1 Geometry of cervical muscles
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Fig. 2 Solid element &. beam element of muscle model
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Fig. 4 The new head-neck FE model
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Tab.1 Material definition of Ogden model
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Tab.2 Material definition of Hill muscle model
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Fig. 6 Kinematics of rear-end impact experiments

Al 80 P T T Sk T R Sk i sh ) o
Wi 17 P8 5 Wi AN B BT KRS Sk 8 5 Mg 8 2 S o I
A o LAy A B3 24 T 80 I i 5 5 I 45 7y T'1 fig e
TE 7KV J5 16 A8 B 5 17 B0 7%l 2 A b il AR
INARAE T HE R 09 i 51 2 AR AR 2 50T 1 A 5 8k
P8 5 A 1 1) R 48 L Sk R O A B R AR
T e S LPA T S 53k 7S 5 1) ~F- Bl e 5 R TS P e
LMY BT B 1 s S0 LA 3 38 23 14 0
227 Brolin % N M BF 0L R R H2 I 2 3l )
7 ) OE 114 i U R AT 98 2 5 o SR Ak OE ) b Bk
oG,

Jei il 488 3k A R Sk SR R A2 gl wE R i ) 58 IE
bR AT Sk O AP i JRE 2R Sk A T T
(1 7K P37 % 1 2 L B Sk 30 A0 67 A% 1 6. (] I A 35T
WL AL T 3 sl b e AR 25 R R AT T a0 A XS
Bl S 200 A 7R 9 015 5045 28 e LA 3 30 1 3 3k
0 B 77 W IO ) 5 0

Tz G 1k SR RT3 350 ms I FEAK AL 5B
BT Sk B 23 B Syl R SR AL L 15 3 1 Sk
By 32 Sl o ok A2 A 7 iR



%8 Z JUAF 5 BE AR b 3R B3 AR UL P AT BR TR B 0 i 57 5 SR ik 49

¥

=40 ms

t=80 ms =120 ms =160 ms

t=350 ms

=300 ms

=200 ms =250 ms

B 7 EabiEkEHIREH TR
Fig. 7 Movement of head-neck during rear-end impact
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