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Development and Validation of a Human Neck Muscles FE
Model in Low-speed Vehicle Collisions
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Abstract: Base on the human head-neck FEM developed in Hunan University, this paper presented a neck-muscles 3D
finite element model, which evaluated modeling of cervical muscle using a combination of passive viscoelastic solid
elements and active spring Hill elements. The whole model was validated through the volunteer tests in frontal impact
tests. Simulation results showed that the active muscle response had a great effect on head-neck dynamic responses;
furthermore, the head-neck model had a good biofidelity, which will contribute to the numerical research.
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Figure 1. HBM-Head-Neck FE Model
E1. HBMLHERIERITRE

2.2 FEBALIEE

SR L LA LA R 1 T 35 S 3 S R MRI AR BURVEE LI, I o BUAR 8 (87 V20K 1% ) LA A 1Y
ULHC % A BOSKSEERE R -, SRS ST 7 AR A LA A BR TR 2

AR AR ) SRR I, IR ST WUA BRI 2 AR 12 X AT Eg: i PR SaiiL. R
PRRAL. SR KL SURKAL AMIENL BBFLRIL. BRBL. kBBl Sk R LR R 7 L.
Horp, RGAUERE T T5 RIMUERKMST: 2RI BUEUL. SR EEORERBL /. . Ja#RH
UEEAR SR USRI R E BN ST L. Sk BTSRRI R 8uh, AR, IR
HEE, T EAR A E R TT L

EEBOERET, SRR 8 1A 6 1T s K SR TR IR SR RIS 7o SR 5 R A e AU L
Mt & A A 3 422 9 ELIUIE S B o0 P i B A5 e R m A O o BEAMULIA A SR TTIE A A — =52 ot il T

EEWE: BREANFEREESIE (51205117) ; #gERHEITRI
H (2014SK3213)

INFATS Conference in Chongqing, November 13-14, 2014 327



SE XS WE 2 s, ENLAESEAR S0 B0 Ai A HR IR R S B T DABELLUUL A ) 2 3h i 52, 7 DALY R
RS,

Figure 2. Neck-muscles element:a combination of viscoelastic solid elements and spring Hill elements attached at coincident nodes
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Table 1. The Ogden constitutive model
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Figure 3. Curve: length and velocity of Hill element
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Table 2. The cervical muscles;number of Hill element in serial and peak isometric force Fpax

F£2 FEAAERGPHI RETENBUARREKBLEN Fou

INAEZ S PCSA(mm?) Frax(N) Hill #7645 Vimad1/5) Fax/M(N)
HE VLB 133.6 66.8 6 0.99 11.1
AL 184.9 92.4 4 1.68 23.1
JA BRI 308.8 154.4 8 1.27 193
KR K ML 73.9 36.9 4 0.98 9.2
g K 63.4 31.7 1 1.76 31.7
Jbg B AL ML 558.4 279.2 10 171 279
T 1281.1 640.5 6 0.95 106.8
KL 246.9 123.4 10 0.94 123
LM 252.0 126.0 8 1.23 15.8
FHAM 281.0 140.5 16 1.10 8.8
EEwapillh 1236.5 618.3 40 1.62 15.5

JULPATASE 2R 199 3 ) AT LR 358 7 LA RS 1.2Gpa, THAR LD 0.3 BOZ MR RS R AT B

VG E 5 RS FAY S AT UL PAY I AR ASE 7R 2 285 AR SR 1) SR, AR IR (9 52 PTG HE 4 1) Sk S Rt AR RO A DR A L
HI BRI AT T S, R MU B U R AR S WIVE I A C3 MEfR . R, BER R AT LR
S R 5 SR UL DAY P B8 S 2L 28, DRI T LA P2 5 AU % 3 24 R e 2 L DAY 55 A AR e JUL AL o ey A 85 ) £
B, BNk IR QA 4 Fos

() *FERNEE (b) kIR IEEA (c) SKTEBGHE

Figure 4. The new head-neck FE model
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Figure 5. Kinematics of Ewing’s frontal-impact experiments
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Figure 6. Movement of head-neck during frontal impact
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Figure 7. The validation curve of front impact
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