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Design and Experiment of Vibration System for Front Axle Suspension
of High-power Wheeled Tractor Based on Hierarchical Control

MAO Enrong'® QI Daoxin'?> GU Jinheng'? DU Yuefeng'®> GU Zhanbu'? LUO Zhenhao'*
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Beijing Key Laboratory of Optimized Design for Modern Agricultural Equipment,
China Agricultural University, Betjing 100083, China)

Abstract: Owing to high center of mass and heavy tractor body, the high-power wheeled tractor has a
tendency to bump when it drives on the bumpy farmland during high-speed transportation. Especially the
frequency of the excitation from ground is approximately the inherent frequency of the front axle
suspension, which will result in handling stability and ride comfort or even endangering security of its
driving. Based on it, through comprehensively considering the simulations control of body vibration
acceleration and displacement of suspension and the nonlinear control of suspension system in the process
of filling a discharging oil, a damping scheme for front axle suspension of high-power wheeled tractor was
put forward. Firstly, the front axle suspension damping system was designed, and a 1/4 tractor vibration
model with front axle suspension was established. Secondly, based on the control characteristics of the
front axle suspension, a hierarchical control algorithm based on the reference sky-hook and ground-hook
model for active suspension system was proposed. The simulation model was constructed by using Matlab/
Simulink and compared with the conventional PID algorithm. The simulation results indicated that the
hierarchical algorithm was better than the PID control. Finally, the HILS platform of the control system
and the indoor test platform of the front axle suspension system were built, at the same time, the

suspension vibration control strategy gest verification was carried out. The test results showed that the
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hierarchical control algorithm based on the reference sky-hook and ground-hook model can quickly adjust

the control parameters, the root mean square of the body vibration acceleration of the designed suspension

system was reduced to about 2. 36 m/s”, which was 55. 8% lower than that of the passive suspension. At

the same time, the root mean square of the suspension dynamic deflection was limited to a small range,

which was obviously better than passive suspension system, and met the vibration reduction requirements

of the front axle suspension of high-power wheeled tractor. The test results were well matched with the

simulation results, which verified the effectiveness of the vibration reduction scheme. Thereby, the

research result can provide reference for the design and development of the front axle active suspension

system for high-power wheeled tractor.

Key words: high-power wheeled tractor; front axle suspension; hierarchical control strategy; hybrid

sliding mode control ; hardware-in-the-loop simulation

0 5

Bt 7 R Ih 3 A LI A A 2 iR R R
BE, 25 W i &7 05 Ak K Bk O\ R E T ok B a7 B
PRI R AR AR 2R SO A R AL 1 O
FAE B A% A SRR AT P B TS S B 5 A e o 2R A
X AL A S 0, 56 TR PR S 80 45 4 e R A ) 4
7 HE AR AT A% 30, AT S0 35 0 36 46 0 L 0 7 e P
AT LAAG 200 M3 7 A 3 s 4 L 5 T i 1) 4
R,

TE 77 i 77 T8, [ A R ) R 4 1 WL o A T
o LR T BN = R S S 7 s L A N B 1
Rl % sl R A WY 6R A TR &
B3 F LI 4 TSLIT % g B 20 T 45 5 B 4 | F- 4
Pl 2 G0 B T HEROHL A4S S T A B bR 5 7
FCFI AL 22 2 TG T6 B4 i AL 2% Jie A fr A 7 20 R
SRR, 76 B E A7 R A R L AR UE TR [R) % L R L
gl Sl o 2 E N AR 8 3 L & K K
T3 7 SR IR, B 77 Ok ol 46 ML AT 22 5% 1 W 3
PERTHR , 36 B0HL2S Bk B 38 M A4 20 F o 1 5 [ A o
PR 2R

TERFZE 77 1 , 51 % B ML RE S 8007 511k
(200 SRR AR T 4 Y O R TR R
1 g FIBELJ& 22 %000 15 Ak DT I, 45 H W12 i BE B 2R
() foe HE D P (. 3 0 23 45 B TR e o
VR R G, 3 1 B AR I AT 5T R S I e S A
TR e 1 3k S B L D R A R A
Ko ZHENG 451 4f G 7 AR 2 W 32 i BHLJE 5 72,
I 43 B A9 S L) PR 0 K0 36 0 4L 2R e 9% S s
O A I o= s N UE ok R0y N TN Bl N R 81
T T AR O PID #5207 ¥, I R 77k
HEE, ZRE HIAE T 3T S % KM
() P T B e R R B A R R S
TR AR X L, 5 A vk LA I
SEVERPLE P, SCHR(18 - 19 10 5 F | )2 ¥ il %

i1

(BT, A P BHLAEL A e g RS TR0 R 2k A 19 I EE A
BHJE , i T ARG AR Lt R B AE — & (9 B
L PR XS A8 R Wi AN W] 228 W, T LA RS A 4 1 RS JEE A
o L BTA  BUA B 5E T B L TR T BAR AY 4 i AR
B R FE5> 75 T 2 L i i AT 280OR 5 B 3
S 0 JRE TG 3 A ) A A/ B 3 L A o

DRLIEE S i e R ol 5 e X4 B WL A% 7 3 i T
TR BEF S, A BT —E AT BB R RS,
I B IR 7 = A SR+ ) s s LA B R
B AR 19 A 1) o 2 A S P AR AR 4 B B
B 7 AR TS B g 5 R R o A DU R
i 3 S B B 38 3 98 Y R ) R B S H e e s
WO L1 N R T, S BN R e B e O it Sl
B, 8 5 A R AR PR B S N B Sk
BTt i E SR R G A B

1 EWIHBSBREZRITSHNFER

RIBF Il R R RS EE AR RR AT B It
1) (BELJE AL 42 i o S A TR A A BT 1 R o
AR 32 BB 4 fhy = o DU 3 L g1 R 4 R L T4 1
1) 1) B 5 o O R A R R R e R0 Y
=7 DY e 151 R S S L RN, 7E B R R L I IR R
ST B PR T T 52 B 50 0 P 80 5 24 = {37 DU 3 [
1] 1] 388 L P, Xk 4 BEL 2 S I, 5 R A I A
JE il , S F SRR B . A, O B i R A5
L R Sz 00T T A Sk 24 3 ) BB, L 9 Lk ) AR
S ARFAD 328 ) X6 Pl B 4 7 A S IR 388 3 A A X
R =57 DO L 0] 1R, T A R % B T R B
() 2 B 4 20, AR IE 4G B HLAT B 10 - Rk, I AT A
/b HE At 5

P ey, om0 X 7 Sl 4 5 R R 4 R
B b ORGSR 2R, ¢l T 45 S B 2R
w0, A3 B A AR A RS R AR R LA, v, R
DRI 8 T 9 Dl 1 7 2 B TR s, VI RE RS
PR TR 1 AR B p, o py 9 W T G TG T R AT T s TR



406 &l #Hl

2022 4

777/ T 77777
1 R EIN 1/4 R LR

Fig. 1  Quarter model for tractor with front axle

hydro-peneumatic suspension
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Fig.2  Control schematic of active hydraulic suspension
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Fig. 9 Acceleration curves of tractor body in HILS
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Fig. 10 Dynamic deflection of hydro pneumatic

suspension in HILS
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Photo of active hydro-pneumatic suspension

Fig. 11
test platform
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Fig. 12 Experiment results for body vibration acceleration
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Fig. 13 Experiment results of suspension dynamic deflection
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Fig. 14  Acceleration of vehicle body under different

test conditions based on hierarchical control algorithm
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