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3-DOF Vehicle Seat and Vibration Characteristics Research
KANG Lulu',LUO Yiping' , WANG Zhaogiang' ,LIU Yan®

(1. School of Automotive Engineering,Shanghai University of Engineering Science, Shanghai 201620, China;
2. School of Statistics and Mathematics ,Zhejiang Gongshang University , Hangzhou 310018 , China)

Abstract ; In order to solve the problem of the multi dimension vibration and ride comfort of the vehicle seat, a vehicle
seat based on three degree of freedom (3-DOF) parallel mechanism was designed. The calculation result of coupling
degree of vibration reduction mechanism was 1 which based on the theory of single opened chain, and three degrees of
freedom were verified as three translational motion by using the motion output matrix. The ellipsoidal roundness was
analyzed by using the unit force ellipsoid method, which provided the theoretical foundation for simulation analysis of
vibration characteristic. Simulation analysis of vibration transfer characteristics under the conditions of different stiffness
damping and load mass showed that the axial resonance frequency of the system to avoid the human sensitive frequency
band 4 ~7 Hz, and the peak transfer rate was obviously superior to the traditional mechanical vibration seat in the
vertical direction. The transmission rate was tended to zero when the excitation was above 1 Hz in the horizontal
direction. The results show that the vibration damping seat system has a good effect of vibration reduction.

Keywords : vehicle seat;multi degree of freedom vibration ; coupling degree ;resonance frequency ; transfer rate
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Figure 1  Vehicle seat model based on
3-DOF parallel mechanism
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Figure 2 Coordinate diagram of damping mechanism
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Figure 3 Force transmission characteristic

distribution map of vibration mechanism
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Figure 4 Simulation model of damping device
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Figure 5 Vibration transfer characteristics of system axial direction under different stiffness

WAL 5 ]RGN A% o R A A T 2
MR —BIERE M 2 b, ZIRFEKFE A x,y
Fo W 5 Ca) ol FERE NN 0. 1 ~450. 0 Hz 1Y 56 475 B
WRh s BT 1) 2 b0 AL R A R AE 1.0 ~
10.0 Hz JE P, AR X K U8 8 T 0 A5 B T 1], [] B 4%
FIE2.00% LLT, 1ER B (E 2 J5 W 2 4505 10 35 %
R IFUR T8/, 16 10. 0 Hz 2 Ji5 (4 15 52 2R 0

g, I S(b) L Ce) mlAL, d FAKE D71 «,y Y
XFRRPE S B0 K5 1) i A% 8 43 A 1 L — 3K
e s BRI L B R B A, R TR AE 0.1 ~2.0 Hz, fH
Bzl BT WA, H A T 10% , Ul
x,y Bl b BH RN AR 55 , AR B T R AR, B
Bl 5 AL RIE(E S AL bR, a3 1 R, Hid, f &Rt
P Hayw FORE I8, % .

THEE HAZIT 0, 3% 55 5 3l B 4 25 A A9 4 o — 2K
K1 SARET IR0 R Ao th i RofE
Table 1 Resonance frequency and maximum transmission rate under different stiffness
e/Hz w/ %
Jrii
5 N/mm 10 N/mm 15 N/mm 20 N/mm 25 N/mm 5 N/mm 10 N/mm 15 N/mm 20 N/mm 25 N/mm
XHz 1.291 2.332 2.805 3.414 3.693 1.305 1.471 1. 645 1.786 1.982
K- x 0.290 0.350 0.430 0.520 0. 560 5.124 7.086 9.451 10. 059 12.313
Ky 0.290 0.350 0.430 0.520 0.560 5.123 7.087 9.452 10.061 12.317
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Figure 6  Vibration transfer characteristics of system axial direction under different damping
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Table 2 Resonance frequency and maximum transmission rate under different damping

e/Hz w/ %
@]
0.2N-s/mm 0.4N-s/mm 0.6 N+s/mm 0.8 N+s/mm 1.0 N+ s/mm 0.2N-s/mm 0.4 N-s/mm 0.6 N-s/mm 0.8 N+s/mm 1.0N+s/mm
X 2 2.450 2.355 2.205 2.142 1. 905 3.324 1.915 1.525 1. 355 1.201
IKF- & 0.350 0.350 0.350 0. 350 0. 350 15.112 10. 023 7.256 5.657 4.624
IK 0.350 0.350 0.350 0.350 0.350 15.103 10.019 7.255 5.661 4.624
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Figure 7 Vibration transfer characteristics of system axial direction under different quality
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Table 3  Resonance frequency and maximum transmission rate under different quality

e/Hz w/ %
Jr i)
60 kg 70 kg 80 kg 90 kg 100 kg 60 kg 70 kg 80 kg 90 kg 100 kg
RHz 2.550 2. 450 2.350 2.250 2.150 1. 400 1.435 1.478 1.514 1.543
K % 0. 440 0.410 0.380 0.350 0.350 6.518 6.921 7.266 7.270 7.468

IRy 0.440 0.410 0.380 0.350 0.350 6.518 6.920 7.258 7.267 7.469
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