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Synergistic enhancement of vehicle ride comfort and lateral
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Abstract: To investigate the synergistic enhancement of vehicle ride comfort and lateral stability through
mechatronic ISD (Inerter-Spring—Damper) suspensions, and to explore the impact of switching external
electrical networks on mechatronic inerter performance, this study establishes a three-degree—of-freedom
vehicle dynamics model considering steering maneuvers. The NSGA-II is employed to optimize the
external electrical networks of the mechatronic ISD suspension under various driving conditions. Results
demonstrate that the mechatronic ISD suspension without an external electrical network yields marginal
performance improvements. In contrast, the configuration that switches external electrical networks based

on driving conditions achieves significant reductions of 12.7% and 25.9% in the root mean square values of
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body acceleration and body roll angle, respectively, markedly enhancing both ride comfort and lateral

stability.
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network
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A om J BT s m o B R Lo ) i
S gD LN MR SR B s R G AAT B
v A AN [ B 5 w0, O 7 By BEAE AR SRR 5 0 i
R0 N E MM F, G =180r) K5 ik 0
i 715 Fy (0 =180r) HEZEVEN 15 L% Lo
%6 3 0 B BT 5 4,00 J e B 50 B 5 A ok i

OB BTG PR

T S ORI T A | 3 A B ) e (] B ) 2R
miE=F,+ F, (4)

mZ,=k(q —2,)— F,

; (5)
mFa=k (g —z,)— Fy

A o, O AR S BT 5 A B I A A 5 2, A
2y HAEE B R L g, (( =ror DN A
Lig TR

2 B 1) £ /N U3 e e P b A B R T Ak
B i i Bl 3 2 R AR BT TR IR R4 25 A iR 1Y
AT 2 i) R A B B 1) 25 S B R A9 21 48 M 00 O
FaA 1) J3 5 R KUE

Fi=—lkua;

F.=——ka,

a=(v+lLw)/u—273

a,=(v—Lw )/ u
S A A 3 50 SRy R A0 Bl D E 5 S T RS
KRN D £ 5 o, 2R I %6 e 6 00 i £ o

RS RME RS .
x1 ¥EEBSY

Table 1 Parameters of the semi—car model
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Fig.3 Ball-screw mechatronic inerter
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Fig. 4 Schematic diagram of vehicle suspension

structure
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Table 2 Passive ISD suspension parameters
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Fig. 6 Diagram of fishhook steering angle
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Table 3 Performance indicators of passive suspensions

under straight-line driving conditions
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Table 4 Performance indicators of passive suspensions

under steering conditions
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Fig. 7 Flowchart of NSGA-1I algorithm
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Table 6 T(s) optimization results for parallel

Table 5 T(s) optimization results for tandem structures structures
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two working conditions

Res Rg3
R Cal
Rai
(a) (b)

B9 FHEEMEH IR TR MEEN
Fig. 9 Electrical layout of parallel structure under
two working conditions
x7 MHBNETHESH

Table 7 Parameters of external electrical network

elements
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Fig. 12 Dynamic tire loads in straight line conditions
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parameters under straight line conditions
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Table 8 Suspension performance indicators for straight driving conditions
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Table 9 Suspension performance indicators under steering conditions
Eizkin B sh PO /% SO ME/ % P2 /% S22 /% ST ME/%
EEINEE/(mes™") 13996  1.3629  2.62 1.3119  6.27 1.2751 8.89  1.2654 9.59  1.1424  18.38
WA £ 597 #R /rad 0.0325 0.0308 523  0.0297 862  0.0284 12.62 0.0243 2523 0.0336 —3.38
AT £ W 1/ rad 0.0992 0.0968 242  0.0975  1.71 0.0857 13.61  0.0733  26.11  0.0987 0.50
TR EFTR/m 0.0298  0.0291 235 0.0297 034 0.0244 1812 0.0221 25.84  0.0284 4.69
EE GRS /N 13753 1359.1  1.18 12418 971 12726 747 12279 1072 1264.8 8.04
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Fig. 14 Body acceleration under steering condition
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Fig. 17 Suspension working space under steering
conditions
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radar chart
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