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A Simulation Research on Seven DOF Semi-Active Full Vehicle Suspension
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Abstract: A dynamic simulation model of seven DOF full vehicle has been established by using MATLAB software.
By adopting the dual mode fuzzy controller as the semi-active suspension, the velocity of rigid body and suspension joints,
as well as the input quantity, with the dynamic displacement and pitch angle parameters being the active suspension
control, are to be worked out. The front left and right wheels are to take the error between the speed of the connection linking
the suspension and the body and the expected value, as well as its rate of change, as the input quantity of the first control
force, and to take the error between the angular velocity of the rigid body and the expected value, as well as its rate of
change, as the input quantity of the second control force. The rear left and right wheels are to take the error between the
speed of the connection linking the suspension and the body and the expected value, as well as its rate of change, as the
input quantity of the first control force, and to take the error between the suspension working space and the expected value,
as well as its rate of change, as the input quantity of the second control force. The numerical results of the simulation show
that the adoption of the dual fuzzy controller helps to greatly improve the ride comfort and stability in vehicle driving, with
a better performance exhibited in the comprehensive system, and with a significant increase as high as 27.2% in the rigid
body vertical acceleration, 19.6% in the pitch angular acceleration, 95.5% in the dynamic travel performance of the front
suspension, and 33.8% in the dynamic travel performance of the rear suspension, respectively.
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Fig. 1 A full-vehicle model
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Table 1 Vehicle parameters table

% 4 OE
R AE m kg 1380
I ImEE SR 1 /(kg - m?) 2 440
i SR 1/ (kg - m?) 380
1#~2# AL FEFT R m /kg 40.5
3#~4# ARFERTE m kg 45.4
T#~a# B R B e, /(N/(s * m 7)) 17 000
FO ERTHEE R 1 /m 1.51
B0 EJE R 1 /m 1.25
1#~2# B ZRWIEE & /(N - m) 17 000
3#~4# BZENIEE £, /(N - m) 22 000
1#~a# FERGWIEE & /(N + m) 192 000
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Fig. 2 A full-vehicle passive suspension model
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Fig. 3 A time-domain simulation model
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Fig. 4 A diagram of pavement vertical displacement
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Fig. 5 A dual fuzzy controller for suspension control force
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Table 3 Contrast between performance RMS values

% K PR 2E EhES ik /%
M E /(m-s™? ) 4.48e-2 3.26e-2 27.2

WA Af I /(rad-s™%) 1.53e-2 1.23e-2  19.6
WA £ i /(rad - s™2) 5.19¢-18 3.46e-18 33.3
B2 BT /m 8.31e-4 3.77¢-5  95.5

MG A I/ Crad

6 7 8 9 10

© 1 2 3 4

5
/s B3 M4 mHEHTE/m 2.16e-4 1.43e-5  33.8
B9 M5 mEE MG 1R 2 EHFHTA /m 72le-4 T.1le-4 1.4

F]g 9 Body roll angu]ar acceleration !ﬁ%ﬂé 3 14 1 flﬂ—l ij]ﬁ:f*% /m 4.82¢-4 4.82¢-4 0.4
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