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Abstract: The independent valve of the load port realized the decoupling control of the inlet and
outlet orifices in the hydraulic systems, which might support a variety of control modes. However,
due to the dynamic response and controller delay during switching, the system mode was easily asyn-
chronous with the controller mode, causing pressure shock and instability problems. A stable switc-
hing strategy was proposed based on independent metering system. The strategy introduced the idea of
"slow switching", considering system time-delay and combining Lyapunov stability theory, a bounda-
ry value solution method was proposed for the dynamic residence time of an asynchronous switching
system based on mode correlation average residence time. The method obtains a shorter residence time
than that of the traditional average residence time method. The stability control problem was solved
under asynchronous switching of linear switching systems, which ensures the stability of switching in-
stantaneously, and reduces the influences of residence time on system responses. Based on the excava-
tion actions of bucket pole of rescue vehicles, the control strategy simulation verifies that under the
conditions of time-delay, the pressure shock of hydraulic systems before and after mode switch is re-
duced by more than 80%, and the amplitude of the actuator speed oscillation is reduced by nearly
20% s which effectively improves the operation stability of the actuator of the rescue vehicles.

Key words: time-delay system; mode switch; independent metering; pressure/flow control
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Fig.1 Independent metering electro-hydraulic valve

Work-link structure principle
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Fig.2 Diagram of independent metering system
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Fig.3 Schematic diagram of independent metering system
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Fig.4 Rescue vehicle stick digging action mode switch

PATHURG T 00 2248, A5 5t 22 i 1 1 055 13 2 A
T X DL S B S AT 42 3 30 1 ok v il fa gk o
7 SR St FL YA AR T ST S X AR 5 T g U Y R
JEPEH] AP 518 6 FroR . fE TR R R
GEHEAT [P A i 0 [ 3] £ 4 H ok Sy R R AT
TR RS S S S PR R A 22 (L 2
i ] 1% 128 B i ¢ A 1 LIRS R R IR 4 A £ 5 5 T
BHHT T 00 90 28 48 [0 3ol 7 A= Ak L 2 Sk 4R L
S P T [ 0] 97 48 1 e Sy B AT e T A AR
2% 5 715 SR T (9 22 {8 28 5 45 1 4% 42 5 A
2Ky R U U HL TR IR A A S . IR B B ) R
A7 1R AR G RS BE AR SRS B BE (R
A I T AL B0 N s 2 310 4 1 i 2 2 gy iy
P 48 4 (5] A B[] SiE 38

Ui IR E R S

u = K,q. +K;Lqudt + K4

P —

da,
dr

Qe = Quored — Qactual (2
K, VK Ko 200 i i i 4% 0 L0 1 4 L AR 3
T GG B 5 Qo AR W AT 55 Quonn IR AT
Fiq. NIRSWEES 5L R SR 2 0 HIH,

BT Iy BB R TR A U R

[2Ap,
Gaewas = CaA, i (3)
o

b Ay Il i DS AR s Ap, IR DR ZE Coy D9
B REGe NIRIEEE.

(O

AR ERGE S A
0, — K;,pC+Kij’pccu+K(. % )
DPe = Dvret — Po (5)

AP K KK 233109 TR 54 ] i 9 L B3 45 L AR 0 1
MG pora NIRLTE N S5p0 HELBRIE IR
Tipe AIRLIEIE T IR IE T IR 2%

5!



5 142 70

LRE LR 4

22 R DR 2R 0 £ 38 11 ik 5T R AR ST R E Y
? Pb:F

_______________________

%
¥ glmuﬁ“fm“u>“
W= |
2

Bs5 REAREHRES

Fig.5 Flow closed-loop control
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Fig.7 Analysis of asynchronous switching system and its instability causes
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Fig.8 Hydraulic simulation modeling of rescue vehicles
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Fig.9 Mechanical simulation modeling of rescue vehicles
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Fig.10 Co-simulation interface settings
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Fig.11 Co-simulation model of no-load excavation system of rescue vehicle arm
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Tab.3 Parameters of switching system

2 A 28 Kl
m./kg 1965 B,/(Ne+s+sm) 10 000
A./m? 0.042 v/(mes1) 0.082
Ay /m? 0.018 p./MPa 4.402
Be/MPa 700 pn/MPa 52.745
Vi /m? 0.0001 Q./(L + min™") 53.281
Vio/m?® 0.0001 F/N 6430
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FRGRE. S 2 =2, W@ MATLAB # LMI
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—0.12  41.3069
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—0.0001 —0.023
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Tab.4 Parameter variation after optimization at the time

of switching under different time-delays
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