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Principle and Model of Proportional Flow Valve with Simple Structure

and without Displacement Dead Zone
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Abstract: Aiming at the problems of complex structure and low reliability of proportional valves
with internal mechanical feedback, a principle and model of 3-position 4-way proportional flow
valve with flow-displacement feedback mechanism is proposed. Firstly, the electric signal is
applied to the proportional solenoid to make the pilot spool move, and then change the pilot flow,
so that the pressure at both ends of the main spool is unbalanced. The main spool is displaced
under differential pressure, and such displacement rebalances the pressure at both ends of the
main spool, forming a flow-displacement feedback mechanism. Then, with the 3-position 4-way
valve as the main valve, the proportional flow valve can control the speed and direction of load

movement. Finally, based on the flow displacement feedback mechanism, the state space model
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of the 3-position 4-way proportional flow valve is established, and the approximate functional
relationship between the displacement of the main spool and that of the pilot spool is deduced. By
analyzing the pressure regulation range of the control chamber of the proportional flow valve
model, it is found that the lower limit of the control chamber pressure is determined by the
equivalent area of variable hydraulic resistance and the diameter of fixed hydraulic resistance at
zero position. When the valve core leaves zero position, the control chamber pressure increases,
and its upper limit is the oil source pressure. AMESim simulation software is used to simulate
and analyze the proposed 3-position 4-way proportional flow valve model. The analysis results
show that the proportional flow valve has simple structure and high reliability. The displacement
of main spool is linear with that of pilot spool near zero position, and there is no dead zone in the
maximum stroke for main spool displacement. When the pressure of the control chamber is 0. 3
times of the oil source pressure, the response time of the main spool displacement under the step
signal is 0. 01 s, which is 50% higher than that of the traditional proportional valve under the
same conditions.
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Fig. 1 Structure of proportional flow valve
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Fig. 2 Schematic diagram of proportional valve hydraulic

resistance
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Fig. 4 AMESim simulation model and Simulink mathematical

model of proportional flow valve

LRADH pu/p.=0. 3. K HAE AL B b5 .
K FEIE A Cow=Cy.d =2 mm, RIEYHES
BB A A S B BUE B, XA DH
—W 2l /W ye FERRRE S Mt KT —1
10 I Y DN VA = 2 N o PO 1V A 0 NS N 1 e
KIGVEF s M/ F —3 i, 5 5 I %k 32 i i 42 o) R
JE 3 K R 5 T /N T T 0l B S L
—3~—1 2],

F b S5 8 P a8t A% A 1 X S T R 4T 2 B iR
b KA 45 R iz 8] AMEsim fERIGER A (9,
XF L A% 2 Simulink $2# R 5 AMEsim {jy B A5 Y
F SR ML K 5 s,

ME 5 A DL Simulink $24 558 i 48 5
AMEsim {jj AR 28 3 AT 5, 5o 0iF T B A
MR . T B A TR Sy B AR Y T A5 ) B AR
T A fl £ b B30 B TR Gl £ s A s Ll B AR
=F 1R TS A B 1 e KA W /N T B2 AR {H S A W

WO .
25 — HEFEMA - - - AMEsimi# A
1.5 2.25 /\
0.5 2055 25 27
-1.5F
_25 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 71 8 9 10
tls
K5  Simulink $2# 88 5 AMEsim fj 28T 3= )58 7 B8
Hh £&

Fig. 5 Main spool displacement curve of simulink mathemati-

cal model and AMESim simulation model
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Fig. 8 Dynamic step response curve of main spool
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