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Biomechanical model of seated human body
exposed to vertical vibration

LIU Fei-fei, LI Jian-ping, CHEN Guo-qiang, LUO Si-te, LI Zeng-yong "
(School of Mechanical Engineering, Shandong University, Jinan 250061, Shandong)

Abstract; A 7 DOF ( degree-of-freedom) biomechanical model of human on a seat without backrest based on multi-
body dynamics theory was developed to predict the biodynamic responses of the seated human body in vertical vibration
conditions. The parameters of the model were estimated to satisfy the STH ( seat-to-head transmissibility) characteristic
defined by a synthesis of published data for seated subjects without backrest support. The parameter identification tech-
nique involves the solution of a multivariable optimization function and comprises the sum of squared magnitude and
phase errors associated with the seat-to-head transmissibility target values. The cerebral oxygenation was detected by
NIRS to verify the accuracy of the studied model. The results showed that the proposed model could improve the vehicle
seating system designs.
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Fig.1 The 7 DOF model of human body under
vertical vibration
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Table 1  Experimental and theoretical STH values of human
vertical vibration
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Table 2 Human dynamic parameters
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Fig.2 The comparison curve of experimental and theoretical data
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Table 3  Significant levels of all oxygen parameters

Cup AL B 7K P Crvo, B ALK P Cup L B FEKF- P TOI A5 4k, i 7K P

} PRI JndREE PRATES k& PRTATES JndREs PRATER Ty
W/ 10min 5 20min 5 10min 5  20min%  10min5  20min &5 10 min 5 20 min 4

Hz JiliEiE WG JnREE LD pljIEiRES) ) JiiEiE )
15 min ¥ 25 min 15 min 25 min ¥ 15 min 25 min ¥ 15 min ¥ 25 min

{H 5 R RN H H % N {8 g {H Eb 5 R AR s

1 0.037109 0.04988  0.049911  0.041913  0.035642  0.045134  0.836 071 0. 858 869

3 0.031188  0.047438  0.035622  0.039414  0.021615  0.035129  0.227245 0. 954 708

5 0.024683  0.041879  0.010978  0.021320  0.016884  0.033715  0.796 521 0. 077 285

6 0.036864  0.045842  0.024315  0.035483  0.024525  0.035431  0.548435 0.772 688

3 ) SRR 1) o3 T R B, AR A AR AR
R RS INHS A S EORE Coy Cro, 4 3196

A BEEL (P <0.05), it lE R, 155
Hz Jah s, 4 M AA S 80k e i o W, 0
HIRARIN AL A RE T Crno, IR I B2, TE
IR B S 8 3 MK P gy g ik ) 0,011 AN
0.021, 81 %./NF 1 Hz 13 Hz #R8h5L 5 H CHbOZ/E/f’t
DT E G S

(1) 2 o 52 56 8040 15 B8 B A0 SC 1k 0
(R=0.91) 75 i 2 T %126 o6 %0 STH {H 7 i 57 19 A
LNART AR IR S B B RS
REA BB IR IR B FREE T Ak IR Sl 3 454 o

(2) ARSI AR S S L0 A



4 4

XUFESE, 25 A 2T AR SRR AR e 526 70 107

PEITHT AT, Bl PR St N, — i S2 i Sk A
B9 3 (R, B 2 SURE S BN, 5 — T Sk
1A Bh1 25 BELAS A AR I Y 1] Sk 38 1) 9 8, e ¢ 25 8 ik
N2 2P0 e I R 4, AT ) 7 A 25 3 55, il 1 Hz,
3 Hz .5 Hz .6 Hz $R 2% il S/ S 0% i 5k 2 17K SF- AT
u%ﬂ il 5 Hz 450540 30 X AR i 4802 B0 T fe R
VLB ZAT R A 4 R B R L 25 5 1 I

@Uﬂlﬁkaﬂ PRI 75 5 7= e 9% 55, BIAE 5 Hz 1) 25
9EE RS ) R Y

(3) dEid NARAR T 8 )2 S B, A5
1 ~6 Hz R a5 25 T ik 2h MRS AR5 1% 326 3] Sk 38 1) ik 559
T, 1T FEAS 7] 588 55 4= SR E T T, A B 5 e i
SN, FER N TE A LUR S AR
HEEA AT, — 7 48 7 ik A S B R 3 %
(IAEARE DL 5 55— 5 11 R A AR A 2R B 7 2 455 A
AL SR BEFIS A , J) SRAH AARTE AL BIR B AT T
KRB AT IRAS, A7E 5 Hz BHE o ) 3k 30 — 1 5
K38 T RSB A S5 5 Hz BB R8T

AR B o B PR YR IR B B B R e it
ISR S S Hz SR Bkl o
Sk

(1] sKPFRBIMIE B IER. B0 9581740 # b AP
s EMFE[T]. JRah 5 uhif; ,2007,26 (10) :76-80.
ZHANG Jiming, HU Yongsheng, LU Zhenggang. Vibra-
tion simulation of human body on running railway vehicle
[J]. Journal of Vibration and Shock, 2007, 26 (1) .:76-
80.

(2] Y/ T 32 . BRI BN % 42 R 3l i o T o
WESFET]. Rah5 i ,2010,5(29) :157-161.
TANG Xiaohong, YANG Yue, PENG Bo. Modeling and
simulation of vibration comfort of human body in a rail-
way sleeper carriage [ J]. Journal of Vibration and
Shock, 2010, 5(29) :157-161.

(3] Hmier , AR, SHRAMK. A7 4207 1 1R B 1 AN BE PR
HELT]. E 7R Tolk R 2#24 42,2008 ,6 (40) :935-938.
SHAN Liyan, HONG Xiangshen, MA Songlin. Evalua-
tion standard of pavement roughness based on ride comfort
[J]. Journal of Harbin Institute of Technology, 2008, 6
(40) :935-938.

[4] WILDER D, WOODWORTH B B, FRYMOYER J W,

[

et al. Vibration and the human spine [J]. Spine, 1982
(7) :243-254.

[5] Beiefhi, =M, BH. BT L AL LRRE NS 3K
FFRR S AU AT [T ]. 0 R R AR AR
2008,27(1) :21-27
DUAN Zhenwei, JING Guoxun, YANG Shuzhao. Anal-

ysis of driving fatigue factors and mechanism based on
safety ergonomics [ J]. Journal of Henan Polytechnic U-
niversity, 2008, 27(1) :21-27.
(6] 23455 UL, 5K/NED, 2. 25 B D3 55 IR 25 H il 1
FIRE BT LTS MR B 3 M [T ] Sti 2 5Ok
43#r,2010,1(30) :58-61.
LI Zengyong, DAI Shixun, ZHANG Xiaoyin, et al. As-
sessment of cerebral oxygen saturation using near infrared
spectroscopy under driver fatigue state [ J]. Spectroscopy
and Spectral Analysis, 2010, 1(30) :58-61.
LIANG C C, CHIANG C F. A study on biodynamic

models of seated human subjects exposed to vertical vi-

—
N
[

bration [J]. International Journal of Industrial Ergonom-
ics, 2006(36) :869-890.

[8] KIMTH, KIMY T, YOON Y S. Development of a bio-
mechanical model of the human body in a sitting posture
with vibration transmissibility in the vertical direction
[J]. International Journal of Industrial Ergonomics, 2005
(35) .817-829.

[9] MARIANA A, SIMONA R. Study of human body stabili-
ty under the vertical vibration action into an autovehicle
using Laplace transforms [J], PAMM, 2007, 7(1):
4020001-4020002.

[10] MOSTAFA A M, ABDEEN W A. Analytic investiga-
tion and numeric prediction for biodynamic response of
the seated human body [ J]. Journal of American Sci-
ence, 2010, 6(11) :161-165.

[11] BOILEAU P E, RAKHEJA S. Whole-body vertical bio-
dynamic response characteristics of the seated vehicle
driver Measurement and model development [ J]. Inter-
national Journal of Industrial Ergonomics, 1998 (22) .
449-472.

[12] NAWAYSEH N, GRIFFIN M J. Non-linear dual-axis
biodynamic response to fore-and-aft whole-body vibration
[T]. Journal of Sound and Vibration, 2005 (282):
831-862.

[13] LIANG C C, CHIANG C F. Modeling of a seated hu-
man body exposed to vertical vibrations in various auto-
motive postures [ J]. Industrial Health, 2008, 46 (2) .
125-137.

[14] ZHeFe, 5k50, Bl 8. A PRAEY) I A R0 10 25 B 7 i
JED BT [T ] VY 24253230 K241 , 2008 ,42(5) :556-
560.

LI Xiaoling, ZHANG E, LU Changde. Biomechanical
model of human Simulation for driving comfort [J], Xi’
an Jiaotong University Journal, 2008, 42(5) :556-560.

[15] 5kSP, #Fpkde, XA, 45, 2 3 di IR B IR R Ge8l 1)
FRBERNFFIERT ST ]. TR BT 444, 2008, 15
(4) :244-249.

(TF#5% 113 1)



4 4

RIS, 5. BT C R AR LR AT R B 9 AT

113

[19

[20] /2, XIpZE,

[

LI Siwen, YU Hong, ZHANG Xin. Simultaneous deter-
mination of trifluoromethanesulfonate, tetrafluoroborate
and common inorganic anion by ion chromatography[ J].
Chinese Journal of Analytical Chemistry, 2010, 38
(11) :1665-1669.

JANE, EaF-, Ak, 5. ARG 0k I E
AR R N-F S — AR [T ] Al 54T,
2011, 42(6) .88-92.

ZHOU Xu, WANG lJinping, CUI Chenglai, et al. De-
termination of N-methyldiethanolamine in refinery desul-
furized liquid by ion-exchange chromatography with non-
suppressed conductivity detection [ J]. Petroleum Pro-
cessing and Petrochemicals, 2011, 42(6) :88-92.
JWER, . N T a5 E 7 I
BHPA YIRS PRI ] hEF S EE, 2005, 32
(5):16-17.

FU Tong, LIU Qingsheng, FAN Zhiying, et al. Re-
search of the application of ion chromatography in the
determination of organic acids content in ensilage [ J].
Journal of Animal Sciaence and Veterinary Medicine,
2005, 32(5) :16-17.

[20] gy, PRk, B 1 (38 15 I WA K IR — 4k T

W ERELI]. hE AR R, 2009, 19(1) :48-
49, 66.
YAN Quanhong, ZHONG Xinlin.

pamidronate disodium injection by ion chromatography

Determination of

[J]. Chinese Journal of Health Laboratory Technology,
2009, 19(1) :48-49, 66.

(22] SN, At o ik o0 A A i 55 1 30 v 1) A

IvEE I b, 2001, 29(7) :788-789.

FU Houtun, ZHOU Jiao. Determination of Brufen in
Brufen Troche by high performance ion chromatography
[J]. Chinese Journal of Analytical Chemistry, 2001, 29
(7) :788-789.

[23]

[24]

[25]

[26]

Jilitg . BT ETE AR I3 A ER R Sk AR 5 1A A N-FR
FEnngbe[J]. i, 2003, 21(2) :184-186.

ZHOU Haiyun.
cefepime hydrochloride product by ion chromatography
[J]. Chinese Journal of Chromatography, 2003, 21
(2):184-186.

WER, MidF, W%, & T R E b
yrpiimi g B LY ] ATl s, 2011, 30(7) - 119-
122.

YANG Shaomei, LU lJianping, CAO lJiaxing, et al.

Simultaneous determination of sulfur and phosphorus

Analysis of N-methylpyrrolidine in

contents in traditional Chinese herbal medicine by ion-ex-
change chromatography[ J]. Chinese Journal of Analysis
Laboratory, 2011, 30(7) :119-122.

SRAERR, VEIROR, TLRI5R, 4. BT Okl IRt
HARWA T A IR A DT PRI LT ). B 7 R ey
2, 2007, 27(3) :286-289.

ZHANG Weisen, XU Qirong, JIANG Chaoqiang, et al.
Epidemiological application of ion chromatography for
urinary iodine monitoring[ J]. Journal of Southern Medi-
cal University, 2007, 27 (3) :286-289.

JREAE, oo, PR, S BEARARE - B a5 - R
3Kz B I E N L i S R R [T ] e
2%, 2007, 35(7) :1063-1066.

ZHOU Zhenghua, YANG Yuan, HONG Junrong, et al.
Determination of free amino acids in human serum using
solid phase extraction followed by anion-exchange chro-
matography with integrated pulsed amperometric detec-
tion [ J].
2007, 35(7) :1063-1066.

Ao BT OGN T ML BUIH « LR 2
At 2002.1-2.

Chinese Journal of Analytical Chemistry,

(%h# AR

(L% 107 1)

ZHNAG E, XU Lin'an, LIU Zhonghua, et al. Study
on multi-DOF human upper body system dynamics
modeling and vibration characteristics [J]. Journal of
Engineering Design, 2008, 15(4) . 244-249.

[16] k5P, XU, aRE . Ju A i BEaR Ak 3y 2 R g A

TRl e P07 (7). 283 is iy TR 2 4l 2010, 10
(4).58-64.

ZHANG E, LIU Zhonghua, SHAO Xiaochun. Dynamic
simulation of nine DOF model of seated human in vibra-
tion [ J]. Traffic and Transportation Engineering, 2010,
10(4) .58-64.

[17] sksese, o, B, 5 IR BB A 2 B0 R 3h

[18]

MW A 3 A [T ]
(1):91-94.
ZHANG Liangliang, LI Jianping, WANG Yan, et al.

Assessment of cerebral oxygenation response to vibration

AR R 2 2 4l T2 i, 2011, 41

in drivers [ J]. Journal of Shandong University: Engi-
neering Science, 2011, 41(1) :91-94.

AR B 95425 Bl 57 1030 21 1 D' 1 vk K T -5 43 A
[D]. 5 R AR R 2 AU R 2 B, 2009.

DAI Shixun. Study on the methods for driver fatigue de-
tection based on INRS [ D]. Jinan: School of Mechani-
cal Engineering Shandong University, 2009.

(%38 M)



	103.pdf
	113.pdf

