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Abstract: Aiming at the influences of different parameters on the hydraulic pressure of high-speed
switching valves, the transient numerical simulation of the flow field in the valve was carried out by using
computational fluid dynamics (CFD) technology. Under non-cavitation and cavitation conditions, the ef-
fects of pressure difference, back pressure and temperature on the hydraulic pressure of the valve cores
were investigated respectively, and the cavitation flow field characteristics and the evolution of the hydrau-
lic pressure of the valve cores under different opening degrees were revealed. The working conditions with
severe cavitation were selected to explore the correlation between cavitation fluctuation and hydraulic pres-
sure oscillation. The results show that with the increase of opening degree, the hydraulic pressure on the
spool decreases. With the increase of pressure difference, the pressure drops of valve cores under non-
cavitation conditions are much larger than that under cavitation conditions, especially under 6 MPa and 10
MPa pressure difference. The increase of back pressure restrains the occurrence of cavitation to a certain ex-
tent, which makes the liquid pressure during cavitation decrease approximately linearly, but almost does
not affect the liquid pressure under non-cavitation. The increase of temperature makes cavitation more
likely to occur under small opening, and the evolution of liquid pressure under cavitation is smoother. On
the other hand, the bubbles generated by the cavitation of the valve ports are discharged from the valve
body in an asymmetric ‘piston’ characteristic, which causes the bubble volume in the valve to oscillate peri-
odically at the main frequency of 1355 Hz, and further induces the head of the valve core and the overall hy-
draulic pressure to fluctuate at the same main frequency.
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Fig.1 High-speed switching valve structure and valve

port local amplification diagram
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Fig.2 Flow diagram of oil in switching valve
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Fig.3 Grid division diagram of switch valve
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Fig.9 Pressure difference and hydraulic force curve at

large openings

JFEER T 0.14 mm B, 381 77 H B R P 3
B 18 S8 Sk AR g DX 8 i A2 T g B B B e 6
MPa JE 25 T H B IF B /9 A2 fe i s 10 fros . BE&
TV RE B 38 O 1 WA AL B eh e B 3 s L
Ui 0 1 A 1 A AL R gt DX R 9 T R
338 R PR I 52 980 3 38 K5 TR s el s
T 8 L 164 £14 ) S0 30 2 R i O ) S B



AT AR ZS AT T G IR 0 ) e A 5 PRE BRE MR 5
6 6.0
y —&— 6 MPa
sl 5.5 —e— 10 MPa
50 -A&  JE%54K6 MPa
4t 45 < ¥ dE=E{KI0 MPa
E g
3 R
g | =
1 L
0 004 008 012 016 020 024 301 0.02 0.03 0.04
FFJ§ x/mm FF JE x/mm
E10 EZ6MPaT qtRFEKEN E12 MNETEXLEEZUREN

Fig.10 Hydraulic force of qt part under the pressure
difference of 6 MPa

BBk,
3.2.2 =EiexL::R

HIEF SR N T RIS A
PEHUI 1 JE 2% 6 MPa, 10 MPa i 45 TL 40 F1 58 N
4T BRI 20T B RE 1 i A fk . /NI
T B B T A S AR B A A B 11 BOR

[ — |
0 BB B 1
6 MPa 10 MPa

.
(

(a)JF£0.01 mm

Q
Q

(b) 1 )#0.02 mm

C
Q

(¢)JFJE0.03 mm

Q
=

a
(d)JF #£0.04 mm
11 SHEERSE
Fig.11 Distribution of gas phase
YAk 2o G U IR AR A R PR AR A
BB A & AR . B 1L P 1 JF B R 0.03 mm
NP S B R . e B REER S
Vi e [ B A 9 LA/ o B T B B 384 R L A IXC
YR BB Z K NP
SARZ AL T B RS OE %8 e an i 12 frs
TE/INTT T L, 25 A0k 1R E 98 g 5 i 5
ST ORI ZE T AR B2 AR R iR B3 18
W ) 32 7 A A S, 25 A B 52 I A

Fig.12 Cavitation and non-cavitation hydraulic force at
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