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Research on improvement of hydraulic impact on forging manipulator
cart Walking system
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Abstract: An improved method of setting a connecting solenoid valve at the oil inlet and outlet ports of hydraulic motor for forging manipu-
lator cart walking system was proposed, and combined with the compensation control strategy of connecting solenoid valve, the damage to
the motor caused by the high pressure in the high pressure cavity of motor was avoided, and the damage caused by the vacuum in the low
pressure cavity was avoided too, so the pressure impact of the two cavities was controlled actively. The improved method was simulated
and compared by AMESim simulation platform, and the real-time working state of connecting solenoid valve, the pressure change at the
A/B port of motor, the working curves of walking speed and displacement for cart, and the control mechanism of the research object were
further understood. The results show that, after setting a connecting solenoid valve at the A/B port of motor, and adopting the compensa-
tion control strategy of connecting solenoid valve, the positioning accuracy and stability of the cart walking system are higher, and the hy-
draulic impact and cavitation are reduced.

Key words: forging manipulator; cart walking; connecting solenoid valve; hydraulic impact; stability; positioning accuracy; compensa-

tion control strategy
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Fig. 1  Principle diagram of cart walking hydraulic system for forging manipulator
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Fig. 2 AMESim modeling of cart walking hydraulic system for forging manipulator
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Table 1 Main technical parameters of cart walking

system for forging manipulator
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Fig. 3 Speed-time curve of cart walking
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Fig. 4 Displacement-time curve of cart walking
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Fig. 5 Switching signal curve of solenoid valve after

solenoid valve compensation
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Fig. 6 Displacement changing curves of cart walking before

and after solenoid valve compensation
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Fig. 7 Change curves of cart walking speed before and

after solenoid valve compensation
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Fig. 8 Pressure curves of A/B port for motor before

solenoid valve compensation

>

P

7

e ———.,
N

= —

=
P

|

0.0 0.5 1.0 1.5 2.0

0.4 H

1 i
0.3 !
] '
0.2 i

] i
0.1 \
00 >
0.1

]
0.2

0.3

FE J1/MPa

T T T T T T T T T T

0.70 0.75 0.80 0.85 090 095 1.00 1.05 1.10 1.15
i [l /s

Ko B HMEE Sis A/B DT 2k
Fig. 9 Pressure curves of A/B port for motor after solenoid

valve compensation

E, TE 1.8 s JF I ER R JIA A, BAR R
JE WA K 3 22.3 MPa, I B9 Fc (KR 1 34 3
-0.05 MPa, FZSHFBCAH /b, R, RECH @
W R MEE S K ZEATAE SR AT 98l b AU

4 Hib

(1) SheHm A il s, S T —Fre
UG BARHLR AT R GUIRE B 1k 2 3k H E —
AL I B AR T vk, JF RO R AT 05 AR
PR T R B TR . Bk A/B RS R
FATEEE MR B TARMZE, dE—2 T Tt5E
XL,

(2) MHEBETRAEDE A/B HBGE BRI, R
FEL I e 2 ) SR WS S K A 1) S S T B g
T PEs i, JF AT RA R rha AU

BEH .

(1] BB, gk, Ta%, % SEAEE BRI BE G o b
[7]. HUMCCRRAR, 2010, 46 (11): 69-75.
Zhao Y, Lin Z Q, Wang H, et al. Manipulation performance
analysis of heavy manipulators [J]. Journal of Mechanical Engi-
neering, 2010, 46 (11): 69-75.

(2] g, &M, Efh, % BERENRIERERIT S A
[1]. DU TRR, 2010, 46 (11): 51-54.
FuX, XuM, Wang W, etal. Hydraulic system design and sim-
ulation of the forging manipulator [J]. Journal of Mechanical En-
gineering, 2010, 46 (11):. 51-54.

(3] ZmEsk, ix, R, 5% 20 o RERIEILREE S RS
[T]. 4R, 2015, 46 (1) 352-358.
Li G Q, Jiang B, Zhou B, et al. Hydraulic control system of 20 t
forging manipulator [ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2015, 46 (1). 352-358.

(4] VL% SOEBR RPN REERI RGNS (D] K. MR
HK2F, 2015.
Jiang B. The Research of Forging Manipulator Elrctro-hydraulic
Control System [D]. Luoyang: Henan University of Science and
Technology, 2015.

[5]  RDUMR. S8 # 4B ML E & S8 RE#E 43 BT 5 1 e 45 ) F 5%
[D]. &2 MLKE, 2017,
Zhu H'Y. Energy Consumption and Energy Saving Control of Hy-
draulic System for Forging Manipulator [ D]. Qinhuangdao; Yan-
shan University, 2017.

(6]  IhaEWI, H&EM, KR, 55 SO ERENLITE R Rl
HAPHT (1], HEHEAR, 2022, 47 (10): 203-207.
Mang Z G, Yang Z H, Zhang X L, et al. Simulation analysis on

performance of walking system for forging manipulator [ J]. Forg-



512 4]

MRS BB BRAE LR 44T R G bl A B 7 211

[9]

ing & Stamping Technology, 2022, 47 (10): 203-207.
XRZE, BUUGHE, skibemy, 4. T 5ERE TR Y BB ik R AR B
REEMAERBIGE (1], WIES A3, 2022, 46 (10):
182-188.

Liu CR, Wei HT, Zhang X L, et al. Crane positioning con-
trol of forging manipulator based on speed prediction [J]. Chi-
nese Hydraulics & Pneumatics, 2022, 46 (10). 182 -
188.

BETE. 2T = AP U Y XS B AR AL AT E R
Dk (D). Z85. #MILRE, 2018,

Hao X B. Synchronization Control on Walking Hydraulic System of
Dual Forging Manipulators Based on Triangular Velocity Planning
[D]. Qinhuangdao: Yanshan University, 2018.

FHE. EHRBEREVICEAEREZRERSNIR (D] =
M. ZNBGE R, 2017

Sang Y X. Research on the Precision of Cart Movement Control of

Ik

Heavy Load Forging Manipulator [ D]. Lanzhou: Lanzhou Jiao-
tong University, 2017.

EWTRE, BiRE. BOSIIEILREATE VUM R A 200 B &
BLPID #E4 [J]. P62 Tk K= 40, 2014, 34 (12):
1012-1017.

Wang X W, Miao R X. Single neuron adaptive PID control of

[11]

[12]

[13]

[14]

walking mechanism of forging manipulator cart [J]. Journal of
Xi'an Technological University,2014, 34 (12). 1012-1017.
XUZAR. BT M SRR L A BBt A L IR 5 S 38 R G AT Y
[D]. ZEELE. MK, 2010.

Liu J. Simulation of Forging Manipulator Valve-controlled Motor
System based on Virtual Prototype [ D]. Qinhuangdao: Yanshan
University, 2010.

HEN, FE, e, % WUBRERENLR RA7TE R g
WITERYT [1]. WRSA3, 2019, (11): 1-8.

Zhai F G, LiR'Y, Yuan L, et al. Analysis on control method of
walking system of dual forging manipulators [ J]. Chinese Hydrau-
lics & Pneumatics, 2019, (11): 1-8.

EEN. WEBRIERENZER B EGTEN [D].
B ML, 2011

Zhai F G. Multidisciplinary Collaborative Simulation Research on

R

Hydraulic Forging Manipulator [ D]. Qinhuangdao: Yanshan Uni-
versity, 2011.

i, PR, EFIE. R RS AMESIm TR LT E SR
A (M]. HEst: MU S A, 2014

Liang Q, Xie J C, Nie L W. Hydraulic System AMESim Com-
puter Simulation Advanced Tutorial [ M]. Beijing: China Ma-
chine Press, 2014.

SN P GG SO S S S GGPS SGSH GG OSGSG S SOSG P SOSG  GGPST OSGGHM WSGG OS GG S SSG  S  G  G S  wy

-,
o

(N

C]

Ve
AT d

%

BUTRPIR
MIES: sxgexb

INEEN R (BETRPR) APXRBTH, £
EROMT), BPERPEARND
REE, PENHIEZRENNZ
IMAFFRIT. ERIRE

5 AR R 2 RHE XA
BIAME., BIFREMERIBCHRART
EREREBFRSFHARR.

23

L [
| lkexa © cEnmTEe A
[
A

BEEHLHE Pg

| BEEUE






