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Abstract: In order to reduce the vibration and impact of loader cab and improve the operating comfort of
loader driver, under the premise of considering cost and reliability, the fuzzy control design of semi-active cab
suspension of wheel loader with damping multi-mode switching shock absorber is studied. A new type of low-
cost shock absorber is applied to the suspension of wheel loader cab. A new type of shock absorber, whose
adjustable damping characteristics are achieved by changing the on-off statuses of 2 solenoid valves, is
applied to the wheel loader cab suspension. The working principle of the shock absorber to achieve different
damping modes and the change rule of damping characteristics are analyzed. First, a dynamic model of the
wheel loader suspension system is established. The model simultaneously considers the vibration
characteristics of the working device, the 4-wheel-related random road excitation and the engine vibration

excitation. According to the working principle of the shock absorber, a damping multi-mode switching model
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is established to reflect the relationship between the damping coefficients and the on-off statuses of the 2

solenoid valves. Then, a fuzzy damping control strategy is designed. According to the performance indicators

of the cab suspension, the optimal switching sequence of the damping mode is determined considering the

vertical vibration, the pitch motion and the roll motion of the cab. Finally, through simulation analysis, the

on-off statuses of the 2 solenoid valves of the multi-mode switching shock absorber are directly controlled. It is

found that the suspension performance of the wheel loader cab is significantly improved and the expected control

goal of the system is achieved, and the effectiveness of the proposed fuzzy control method on the damping

control of semi-active cab suspension of the wheel loader with multi-mode switching damper is determined.

Key words ; automobile engineering; suspension damping; fuzzy control; loader cab; damping multi modes
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Z F, =-myr.w (cosa, +cos(a, +180°) +

cos(o, +180°) + cosa,) =0

o

Z F, =-myrw (sina, +sin(a, +180°) +
sin(a, +180°) +sine,) =0
(21)
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Z Fy, =-mr.o (cosa, +cos(a, +180°) +

cos(e, +180°) + cosa,) =0, (22)

CAER S AT
2 Fp ==
cos2(a, +180°) + cos2a,) =—-4Am,r.w cos2a,,

(23)

Hiz (22) FisX (23) ALAEH, PG A& shHL
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Tab.2 Fuzzy control rule of on-off status of solenoid valve s,

E

g NB NM NS ZE PS PM PB
NB ZE ZE S M S ZE ZE
NM 7E S S M S 7E 7E
NS B B S K S S S
ZE M M K K K M M
PS B B B K B S S
PM K K B M B ZE ZE
PB K K B M B ZE ZE

R3 FXREHA s, BETKSRORME SN R

Tab.3 Fuzzy control rule of on-off status of solenoid valve s,

E

E NB NM NS ZE PS PM PB
NB ZE ZE B M B K K
NM ZE ZE B M B K K
NS S S B K B B B
ZE M M K K K B B
PS S S S K S B B
PM ZE ZE S M S S ZE
PB ZE ZE S M S ZE ZE

3.2.2  {AF{NHRBhHE MR I SR Bk
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R4 BIBFRBEME s, F s, BETRSHIERIE A
Tab.4 Fuzzy control rule of on-off statuses of solenoid

valves s, and s, for front suspensions

Valve Sy Sy

p E E
NB NM ZE PM PB|NB NM ZE PM PB
NB ZE B M M S || ZE S M M B
NM B B S M M S S S M M
ZE M S K] S M M S K S M
PM M M S S S M M S B B
PB B M M S ZE || S M M B ZE

x5 FRIFXBEELE s, s, BERAS R G0 R
Tab.5 Fuzzy control rule of on-off statuses of solenoid

valves s, and s, for rear suspensions

Valve Sy Sy
v E E
NB NM ZE PM PB||NB NM ZE PM PB
NB 7E S M M S 7E B M M B
NM S S S M M B B S M M
7E M S K S M M S K S M
PM M M S B B M M S S S
PB B M M B 7E S M M S 7E

3.2.3 U{HHRBhAR M Hl 0K B

25 5 5 R IO A0 4 2 AR 45 T SR ek P TR T A
S RHIIZ S AR S ARL, R 224725 g = 5 — 0] 00 A 7y % L
ARAL RIS, IO o i MU P 25 174 0 BEL 2 R 8K,
[Fi) s 348 o0 7 — 0 s e 45 144 42 J5 BELJE R 8

EXS AELE PB (IER) . PM (IEHY) |
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Tab. 6 Fuzzy control rule of on-off statuses of solenoid

valves s, and s, for left suspensions

Valve sy Sy
P E E
NB NM ZE PM PB|NB NM ZE PM PB
NB ZE B M M S ||ZE S M M B
NM B B S M M S S S M M
ZE M S K S M M S K S
PM M M S S S M M S B B
PB B M M S ZE || S M M B ZE

RT ABIFXEBHME s, T s, BETIRAS AR HI N =
Tab.7 Fuzzy control rule of on-off statuses of solenoid

valves s, and s, for right suspensions

Valve sy S5
v E E
NB NM ZE PM PB|NB NM ZE PM PB
NB ZE S M M S ||ZE B M M B
NM S S S M M B B S M M
ZE M S K S M M S K S M
PM M M S B B M M S S S
PB B M M B ZE || S M M S ZE

3.2.4 F@, {RFID R MG HR Bhi= ) 8 & A
A b AR R L2 Pl A B AR (] | (RFACD R A fd
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(24)
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WL s, Fl s, BIRAAERIE S, 2E— L UUE TRk
HEN

{if&c =2, thend, =1;if§, <2, thens, =0
if8, =2, thend, = 1;if8, <2, thend, =0
(25)
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KMl
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Tab. 8 Other structural parameters of damping

multi-status switching shock absorber

ZH ¢z 24 HfH
m,/kg 19 090 l/m 1.24
m,/kg 640 ka_1s k- /(N+-m™") 13500
m,/kg 150 Can_ts Cap_/(Nes-m™b)y 2050
kE/(N-m™) 392 000 k-1 ke_/(N-m™") 61800
¢/(N+s-m™") 3500 Cdls Cod/(Nesem™) 4135
k/(N-m™") 13 580 a/rad /4
¢/(N-s-m™") 1400 B rad /3
l,/m 1.2 k/(N+m™") 19 335
l,/m 0.15 A 4/3
I3/ m 2.00 My, 15 Mg, _,/kg 180
l;/m 1.35 Mea 15 Mea_/kg 260
Is/ m 0. 44 I,/m 0. 525
l¢/m 0.58 l,/m 0.51
l;/ m 1.18 1,,/ (kg - m*) 15430
lg/m 1.24 1o/ (kg - m?) 2 500
ly/m 0.21 1,/ (kg - m®) 860
lp/m 0.65 1,/ (kg - m*) 927
l,/m 1.35 w/(rad - s ") 507
I,,/m 1.7 m,/kg 14.5
l;3/m 1.18 r,/mm 0.24
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Tab.9 Simulation comparison of control performances of

wheel loader cab suspension

P ELAs R B AL BOMIET BRIR
2 WS T A R S/ (m - s72) 1.432 1.136  20.6%
B T AR E IR/ (rad - s72) 0654 0.583  10.8%
P AR/ (rad - s72)  0.702 0.615  12.4%
25 0 25 B EH AT AR (E/m +0.04 +0.034  15%

4 £
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