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Abstract: To address the problem of low position control accuracy of the end-effector in a series-
parallel hybrid hydraulic manipulator due to structural coupling and system nonlinearity, a high-
precision motion control method for the hybrid hydraulic manipulator was proposed based on vir-
tual decomposition modeling method and hydraulic system control theory. This method elimina-
ted the errors introduced by traditional hydraulic manipulator control methods that ignore struc-
tural coupling and system nonlinearity by accurately modeling the system, thereby improving the
motion control accuracy. Firstly, the complex series-parallel driving structure of the hybrid hy-

draulic manipulator was divided into three types: open-chain structure driven by swing cylinder,
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closed-chain structure driven by piston cylinder, and parallel structure driven by piston cylinder,
and the manipulator was further virtually decomposed into simple subsystems based on the char-
acteristics of these three types of structures. Then, dynamic models of each subsystem and drive
models of the hydraulic actuator were established based on rigid body dynamics equations and
flow continuity equations, and a high-precision motion controller for the hybrid hydraulic manipu-
lator was designed by introducing model-based feedforward control and real-time position error
feedback control. The effectiveness of this method was verified on a seven-degree-of-freedom hy-
brid hydraulic manipulator test platform. The results showed that compared with a traditional
PID controller, the end-effector errors of the proposed method in x and z directions were reduced
from 59. 63 mm and 19. 6 mm to 11. 17 mm and 6. 48 mm respectively, which were only 18. 73%
and 33.06% of a PID controller’s error, effectively improving the motion control accuracy of the
hybrid hydraulic manipulator.
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Fig. 7 Control block diagram of hybrid hydraulic manipulator




102 W% o i

5 SLE RIS A

Shy G 58 T 2 T ) S PR L R SCHE B R
RNERBIEI S NG F & 5 PID Bk i#AT
Xt LS . B 8 SRR L A B R AL L
8 Ji B ], O 2 Bl LA 25 4 VR R S RN i R G
YA, TR 2R G0 Fh R A ALK Bl 7 3 E0ER S ik
RN 1S el EE S o £ WA S B 1 1 - s e
VR R BT ) S i, R R G e AL H
B AL 246 X5 2t 5 #45% TR 0 A% I RR B i il R AL
A G 8 38 5 EtherCAT B4 5645 M (5 5 52
ISt 2 BRIl . R A% 8 i 22 26 T YR s 6T 79 s D
O GEE S RE R R IE S R B ARL,
HARHL I 132 45 R P AR 46 B 515 5 A s ALY
B A5 5 AL Al I R A 4 o F s 3 e R A
4 il 4] R i B A
A ] S <> ZE

real time

S

B8 RERL B R AU U T K
Fig. 8 Schematic diagram of test rig with 7 DOFs hybrid

hydraulic manipulator

STES Ll FHALAE (9 1.2.4.5 F1 6 5 £
A i BRERAE oz P11 WY BE Sk Cln &l 9 i) , 8
BT SR SO IR Y 3 2 E] L B Y (B AR B
J3C0, 0.8,0.82) m, 42N 0. 14 m, HLHE 62 )
27 B SR i A () /N B D A A O T A
JE A0 S B L O il A B 2 R g R, AL
BB S 80 CAD BRI A5, 1 119 2 &R AR
T ] e PRI RE AR A5 3], ST 60 v VR AR 0 Y T R T R
8.6 MPa, fix Kt f B B 4 13 L/min, I 4 5 J5
2T RIS S VDO W S B & ke 1 s,
BUBE OG5 £R B R OG5 fR B O 22 19 X 1L 43 5 4
K10 FRE 117K . O& 75 f BE B K48 X 1R 25 enax A
Y X IR 2E evan BTN 2 PR

http: // zkxb. xjtu. edu. cn

(c)t=42.5s
B9 i VDC ¥ il #% i 52 56 I8

Fig. 9 Photos taken during the experiment using VDC controller

(dt=46.25s

&1 VDC 7 ik 8 L4k A
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Table 2 Maximum and average absolute error of joints
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