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A novel and intelligent multi-mode switching control strategy in energy

regenerative suspension systems
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University, Chongqing 400044, P. R. China)

Abstract: In order to solve the problem of restrictive application of active suspension in electric vehicles due
to energy consumption, using permanent magnet (PM) linear motor as the actuator of active suspension
system, a dynamic model was developed to investigate the relationship between vehicle’ s dynamic
performance and energy regenerative capability. The active suspension LQG controller was designed based
on the optimal control theory, and the controller design parameters were optimized by analytic hierarchy
process(AHP) and particle swarm optimization(PSO), which improved the vehicle dynamic performance
and energy regenerative power. In order to achieve the state identification and mode switching, a novel
multi-mode switch control strategy was proposed. The innovation of the proposed control strategy is the
introduction of the comfort factors which depend on the driver’s choice and the detailed identification of the
driving state of the vehicle, so as to realize the strategy switching under different modes. The simulation

results show that the proposed multi-mode switch control strategy is significantly better than conventional
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active suspension control mode, and achieves a comprehensive and intelligent improvement of dynamic
performance and energy regenerative capability in vehicle. This study provides guidance for the suspension
feed-energy control strategy.

Keywords: electric vehicle; active suspension; electromagnetic actuator; multi-mode switching strategy;

energy regeneration
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Table 1 Parameters of full vehicle
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Fig.2 Random road displacement curve
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Fig.3 Energy regenerative suspension control block diagram
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Fig. 4 Flow chart for optimizing LQG controller based on PSO
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Table 2 RMS comparisons of suspension performances

BRAER Z,/(m-s?) 4/ (rad-s™?) 6/(rads 2) (z;—=2)/m (z5—2,)/m (z7 —z3)/m
B e 0.517 0 0.880 4 0.562 7 0.007 6 0.007 3 0.007 8
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Fig. 5 Vehicle body acceleration and its power spectral density
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Table 3 Comparison of energy regenerative performance between the two states

Comfor BihE/J FERE/] BIFELL/ D0 BRRERCR/ N
0 144.76 138.37 104.62 50.70
1 107.29 179.49 59.77 37.58

R4 BRMREHATREI L

Table 4 RMS comparisons of suspension performances

pay S spli] Z,/(ms %) $/(rad s ) 0/(rad-s ) (s—z)/m (zs—z)/m (77 2)/m
EIE=2 0.506 6 0.854 8 0.541 0 0.007 4 0.007 2 0.007 5
Comtore =0 0.403 7 0.634 2 0.487 8 0.007 3 0.006 3 0.005 8
R / V6 25.495 0 34.791 2 10.887 8 2.096 4 13.325 4 29.652 3
Comton =1 0.395 2 0.573 7 0.475 8 0.007 1 0.006 4 0.005 6
K / Y% 28.185 7 49.012 1 13.697 5 3.790 4 11.437 8 34,945 7
R (z5—24)/m (21—20)/m  (2:—zp)/m (253—z20)/m (z,—z4)/m

o 3 B e 0.006 8 0.002 8 0.002 8 0.002 7 0.002 7

Comior =0 0.006 0 0.002 8 0.002 7 0.002 7 0.002 6

Rk / % 13.008 9 2.446 2 3.511 1 2.244 0 2.907 0

Comion =1 0.005 9 0.002 8 0.002 7 0.002 7 0.002 6

R/ Y% 15.872 6 3.001 2 3.648 4 2.408 3 3.528 7

HIE 15~19 Wiy () BT 3 AT LA I 5 9 38 20 A EL L fie R A5 AR 285 R e R 7 26 PR 265 1 5t e B 2R
A LA 5 /N A B S R OO o R R AV A i R g O AR A U A 5 5 e R B REAR S A L, B R
PR S A 157 B8 2 R T LB DRt 38 b Ul /N O AT 3 J3E 24 5 AR AL . TET 15 (h) ~ 19 (b) vl LA Y, 5 e g &
BUHA LE 15t RE R SR TR AR B AR AT 1 R A PR AR, i 1 ofe Al T P AT P
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Fig. 15 Vehicle body acceleration and its power spectral density
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Fig. 18 Right front suspension dynamic deflection and its power spectral density
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