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Sensitivity Analysis and Optimization of Hydraulic Parameters to

a Hydraulic-electrical Regenerative Suspension’s Performance

ZHOU Chuanghui’, WEN Guilin

(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body,
Hunan University,Changsha 410082 ,China)

Abstract; To improve suspension regenerative power with reasonable vehicle ride comfort, sensitivity
analysis and optimization of hydraulic parameters to a hydraulic-electrical regenerative suspension were
carried out. The regenerative suspension consists of a spring and a hydra-electrical regenerative unit, Based
on the suspension structure and principle,a simulation model of the hydra-electrical regenerative unit was
established by AMESim software. And the model was verified by a prototype testing of the hydraulic-elec-
trical regenerative unit. Taking ISIGHT software as a platform, sensitivities of hydraulic system
parameters affecting car-body vertical acceleration and suspension regenerative power were analyzed by a
quarter car vehicle mode in AMESim. The results show that,compared with recharging pressures and vol-
umes of two accumulators, hydraulic motor displacement has a significant effect on both the vehicle vertical
acceleration and suspension regenerative power. Moreover, taking the vehicle vertical acceleration RMS val-
ue of a traditional suspension as a constraint, the hydraulic system parameters were optimized to maximize
the suspension average regenerative power. The results show that the average regenerative power is im-
proved by 12.7% after optimization when the vehicle ride comfort is acceptable.
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Fig.1 Layout of the hydraulic-electrical regenerative

suspension system
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Fig.2 Hydraulic-electrical regenerative unit

model in AMESim
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Fig.3 Prototype testing of the hydraulic-electrical
regenerative unit
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Tab.1 Parameters of a SUV

25 A
1/4 5 i m./kg 400
HR TR mw/kg 50
BIREENIE K/ (Nem™ D) 19 000
BIHE AR C/(Nem™! « s71) 1 400
RHRIE Kw/(Nem™ D) 192 000
WHEBHE 2B Cy/(Nem ! e s 1) 100
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Tab.2 Parameters of the regenerative suspension

B Al
RS EA Do/mm 60
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Tab.3 The value range of the variable parameters
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E B 2 T ETT pace/bar [8,14]
Eied 1AM Vaa /L [0.25,0.5]
EReA 2 A Ve /L [0.25,0.5]

T Sk R g/ (mL e 1) [6,10]
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Tab.4 Hydraulic parameters before and after optimization

% B paa/bar paz/bar Via /L Vio/L gm/(mLer D)

MR 15 12 0.4 0.4 7
Ak fE 15.26 12.77 0.382 0.354 6.42
R 15 13 0.4 0.35 6.5

IR 4 R OUAGHIRT R S 280 A 2
B 7 By 1/4 B s v A 28 AN A T
H. & 12(a) (b) (o) A fi s 43 3 AR A Hif JS 75 3
9 5 HEUBIL D ) B 25, 2 B o 2 | e gl 2 R
ZREJ 58 FE 1 B 17 245

HT T 12 v i 2 BRIl 1 i B 2 2R AN
RE T 40T HE. PR X 1 12 I/ B0 A B ) ek 4

250

~n
o
=]

=
%
= 150
=
k=
= 100
5
K 5

0

5.0

W) /s
(a) & HL Bt 2

5

4 === feAbRT

3 — s
— li A f
% 2 Hi i L5
E i| i
£, |
-~ ’ A
8 o :
2OH ;| \
= -1 » | -,
fin g v ; I
l:H-_z

-3

-4 1 1 ]

5.0 6.0 7.0 8.0

W] /s

(b) 7 By fin ki i

4=
S T Pk
— fetbE
E 2
oy
® 1
5‘_
R 0 I
i
-2
3 F
1 1 ]
5.0 6.0 7.0 8.0
R /s
(R Bh# T

g
Z
N
=
x
R
ES

L — i

-80 1 1 ]

5.0 6.0 7.0 8.0
mHE /s
(DEZEBERSE

B 12 RALATJE 0 B 3R 2
Fig.12 Time-domain responses before and

after optimization
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Tab.5 Computed results of the time-domain responses
before and after optimization
i AR PRI s g
& B AL TR /W 74.2 83.6 12.7%
YA ITARE/ (m 52 131 1.39 6.1%

Lt SR AT AR /N 1246.4 11917 —4.4%
IR B Y AR/ mm 21.3 18.7 —12.2%
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