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Human Body Vibration Analysis under
Consideration of Seat Dynamic Characteristics
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Abstract In this study, vibration properties of seat and human body are analyzed through test and numerical
analysis methods by taking into account the viscoelastic characteristics of polyurethane foam as seat material
which is applied for vehicle. These viscoelastic characteristics which show nonlinear and quasi-static behavior
are obtained by compression test. In addition, the viscous elastic property of polyurethane foam is modelled
mathematically by using convolution integral and nonlinear stiffness model. In order to analyze the performance
on ride comfort of seat, vertical vibration model is established by using dynamic model of seat and vertical
vibration model of human body at ISO5982, and so the related motion equations are derived. A numerical
analysis simulation is applied by using the nonlinear motion equation with Runge-Kutta integral method. The
dynamic responses of seat and human body on the input of vibration acceleration measured at the floor of the
railway vehicle are examined. The variation of the index value at ride comfort on seat design parameters is
analyzed and the methodology on seat design is suggested.
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[Fig. 11 Test setup
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[Fig. 2] Displacement vs. time
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[Fig. 31 Viscoelastic force of a PU foam

2.2 23 DU
Eelods o) 2 540 pota nuPe



AE FEAE AT A A

=

P
T

AHTZ A 2 E(convolution integral)
I a9 13 o] EYeae &
Shuj =218 Fo} 9] yo] WAVF vlAd

E45 7171 Al o= A

X O

Eoogh o xE Ao
. 4y o ot
Am 1
ox |0 o
T
fn o2
o 4
e "

Lo
3
[}

m
o
!
i)
o,
s
)

;
Fe U Welel HIERS bl ol 5
ge 2Roet B4S Ushis o Aued
4Eg olgstel Fo] 271% HaTth ol 17 49}
ol A 32 Aol ARk T oMY 9] yol
o8] UehtmE AZE o]49] Fe o5 Mo

| o

T 304 24T AR ATEEE 4 (1)) E2) 94
2o Fery Po) malwo] Mg setnleg 73
olet. shetulels 517 SlaAE heat e B

F()
M/_\
y(o)dr h \\
S ae " Typ(n)dr
\_,_4} .
T 7l ft—r | t
[Fig. 4] Quasi-static force
o L2
J= jo [F(oy-F@) | dt o

o714 F(O 1= leje] Azboll A ) (N2 719t Het
A glolm, FO'& 248 Heky goltk. 4] 9F Ha
s AHBNEE AR 4 ()9 Heolelg ot 4
it} o]7] A= Matlab 3421 fminsearch g5 ©]-835}
of X3 AL SAstATHS] A ()e] AP el
A 2 7709 o2 7 ste] A3 siE Folkoith
a9} @ Be Basm AN APPSH

12 243kE Bo) dolxl Heky A4 sz

5691

HE HolEtt X 19] ejule g ol gate] 13t 4
7} ¥9)o] WAL a7 39| AX} Ar) Zg)eyEr
o] deby Bl gt 48ty mele Ao} A7 At
7} dxsls AE Ho|1 9SS o 4= itk

AE = L

=)

[Table 1] Parameters of viscoelastic force

k, [N/m) 3.53E+03
k, [N/m*] -2.04E+05
ks [N/m'] 7.03E+06
k, [N/m'] -1.02E+08
ks [N/m’] 6.32E+08
kg [N/m*] -4.06E+09
k; [N/m’] 1.38E+11
|a,| [N /ms) 52.83
Oa, o 121.82
|| [Hz] 0.0474
0 e, [Hz) 0.0263
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[Fig. 5] A dynamic model of seat and human

[Table 2] Parameters of the human body model after

1S0O5982
i m, (kg) ¢, (Ns/m) k, (N /m)
0 2 - -
1 6 387 9999
2 2 234 34400
3 45 1390 36200
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[Fig. 9] Calculated acceleration at head
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[Fig. 111 SEAT value varied with seat area
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