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Finite element method study on the vibration response of
the human head in an upright sitting position

LU Zhuanggi' ,JJANG Hui® ,DONG Ruichun' ,ZHU Shuai' ,ZHANG Kaifeng' ,GAO Xiang'

(1. College of Mechanical Engineering, Shandong University of Technology,255000 Zibo, China;
2. Department of Mechatronics Engineering, Shandong Water Conservancy Vocational College,276826 Rizhao, China)

Abstract; To investigate the response behavior of the human head under whole-body vibration. The seated
human finite element model with detailed skeletal and muscular soft tissues is created. The vertical first-or-
der resonant frequencies of each segment model were calculated using modal method ,and the seat-to-head
transmissibility of the seated human finite element model was calculated using the random response meth-
od. The model was tuned and validated by comparing it with experimental and simulation studies. It is
found that the upright sitting human under vertical vibration excitation shows an obvious resonance phe-
nomenon around 5.7 Hz,and the maximum value of the vertical ( Z-direction) response of the head in the
sagittal plane is located in the posterior occipital region , where the seat-to-head transmissibility is 10% lar-

ger than that at the crown of the head,and 23% larger than that at the forehead. The Z-directional respon-
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ses of the head in different positions within the coronal plane are almost identical. The maximum value of

the fore-and-aft ( X-direction) response is located at the top of the head ,and the peak response in the sag-

ittal and coronal planes is symmetrical about this point. In addition,the maximum difference of X-direction-

al response at different positions reaches 119% . Finally ,the modal vibration analysis in the vertical direc-

tion reveals that the seated human body has not only vertical and fore-and-aft displacements,but also head

rotation. These lead to the existence of complex coupling vibration of the head in the sagittal plane,resul-

ting in the above-mentioned vibration distribution pattern. This paper provide reference and theoretical ba-

sis for the vibration test,model creation and vibration comfort evaluation of the head of the vehicle’s occu-

pant.

Key words : vibration response ; finite element method ; upright seated human body; modal analysis; ran-

dom response analysis; seat-to-head transmissibility
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Fig.1 Finite element model of an upright seated human
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Tab.1 Material properties of the human body model

_ *zg/ mEy wmE/ ORE/ BT 2%

\Pa I (kgem™) TR B3 ik
P T 10000 0.3 1700 1~2mm 4 [15]
/N 100 0.2 1100 Cc3D4  [15]
izE 3500 0.25 1400 C3D4  [15]
fi s 300 0.1 1100 34 [15]
ik 20 0.3 1000 1mm  M3D4 [16]
ZHR 500 0.25 1200 1 mm S4 [15]
R 1 0.49 1020 D8 [15]
EARZEIN 4.2 0.45 1050 c3p8  [15]
4 750 0.3 1000 D2  [15]

gR1

- *zg/ s EE/ R/ T 2%

\Pa e (kg-m™*) MR B3 SCHk
XT3 0.15 0.46 1100 1 mm S4 [17-19]
WAL 0.1 0.49 1060 C3D4 [17-18,20]
SRR HE 0.01 0.49 1060 3D4  [17,21]
gy ey 27 0.4 1040 C3D8 [22]
BB 8§ 0.3 1100 30mm> M3D4 [15,17]
sk 15 0.3 1000 40mm* M3D4 [15,17]
bk 10 0.3 1000 40mm> M3D4 [15,17]
EosolLie 7.5 0.3 1000 1mm  M3D3 [15,17]
RN 20 0.3 1000 D2 [15,17]
GENIE 7.8 0.3 1000 63.7mm> C3D4 [15,17]
ENIH 10 0.3 1000 20mm?> M3D4 [15,17]

HEHEE A 200 0.3 1000 300 mm>  T3D2 [17]
AR 304 0.3 1000 30mm®> M3D4  [23]
BELESSEAF 326 0.3 1000 50 mm?  M3D4 [23]
HERERTEIAE 125 0.3 1000 100 mm?> M3D4  [23]
HER S 150 0.3 1000 100 mm? M3D4  [23]

T T 60 0 1 000 C3D8 [24]
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Tab.2 Comparison of first-order vertical resonance

frequencies of different models

LRI/ He
TR _— ik
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Fig.2  Comparison of the vertical seat-to-head transmissibility

at the forehead with others under the same conditions
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Fig.3 Vertical seat-to-head transmissibility
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Fig.4 Fore-aft seat-to-head transmissibility
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Fig.6  Comparison of the fore-aft seat-to-head transmissibility

at the forehead with others under the same conditions
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