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Research on cross coupling synchronization control of
a special multifunctional operation vehicle
for box culvert

LI Bin, WU Henghui, WEI Chun, GAO Yufen

(Tianjin Branch, China South to North Water Transfer Group Middle Route Co., Ltd., Tianjin 074004, China)

Abstract: In order to meet the operation requirements of the Tianjin trunk line water conveyance box
culvert of the South to North Water Transfer Project, a special multifunctional operation vehicle is
developed and its high precision control is realized. Firstly, the structure and working mechanism of
the multifunctional operation vehicle are described, and its kinematics models are established
respectively. Secondly, a cross coupling synchronization control strategy is proposed to solve the
problem of vehicle body attitude deviation caused by speed non-synchronization in dual motor
independent control. Finally, the system model of multifunctional vehicle is built and the simulation
analysis of cross coupling synchronization control is completed. The results of software simulation
and system engineering application show that the proposed cross coupling synchronous control
strategy can effectively improve the non-synchronization errors of double motors and improve the
attitude control accuracy of the multifunctional vehicle for box culverts, and has strong engineering
practicability and application popularization.
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Fig.1 Composition of box culvert dedicated multifunctional operation vehicle
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Fig.2 Multifunctional maintenance operation

mother vehicle
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Fig.3 Deployment status of maintenance vehicle

lifting platform
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Tab.1 Design parameters of multifunctional

operation vehicle

ZH Hfd
IR R /KW 6
R Hmi/kg 2 000
L s A L (48 V)
SEf AR /km 60
e 4/ (km-h™) 10
bR S JE 3 3607
YRBh%E % 24 (iR AIL)
MBhht % 44 (B )
IRRNEH/ () 25
Fe HLHAl/R 8
Bij 414540 P65
SMERS (mxmxm) 1.5x1.5%3.1

2 WETRMELEREGE

2.1 EHiftfARBEINHFRE
A% 2 D Re Al A it 2 & B AR AR

BB S FE ) 2 UK s 4, B AR AR AL AE TS84l
iy g I )

u,] TR 0 014
[ub:|= 0 R 0|4 |*
u.] L0 0 Rl
[ L-M

0 0 d a e,
0 L-M 0 a i |+ en| (1)
0 0 L-M i) Le.

K, w, u HAHE R SEA FLBH ; LA M 43
Wk ed] B H IR 4, 0, i N e, e e h
LBl

LG 1 e R T R

_edateyiytedt.

Tx

AP o T
S H B AR 1 B A S B ek RO AR 2.
2.2 ZUREELFEHFEER
ZIIREAE AL - 0 B RG [m) 7R RN AT 4 B R, 7
PR v 2 T2 A KB A R v, v, AT
B E A JE A L BE D2 B Iz B 5 R, AR SE
JE B S FIRR W AREZE LR,
USRS BB AT R, AT DL A B gl e
Lpgﬁ‘jﬁs]

(2)

w

#2 REFHBIE
Tab.2 Value of back electromotive force
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Fig.4 Diagram of operation vehicle

turning direction
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Fig.5 Diagram of operation vehicle movement
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Fig.6 Simulation model of synchronous control for culvert box dedicated operation vehicle
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Fig.7 Response of left and right motor’s speed

and speed difference
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Fig.8 Horizontal and vertical displacement of

operation vehicle
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Fig.9 Relative longitudinal offset angle of

operation vehicle
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Fig.10 Horizontal and vertical displacement of work

vehicle under cross coupling control
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