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Dynamic Characteristics of Flow Field in Fast-acting Pilot Valve of High Voltage Circuit
Breaker Hydraulic Operating Mechanism
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Abstract: Aiming at the flow field characteristics of the fast-acting pilot valve of the operating mechanism of
high-voltage circuit breaker under complex working conditions, such as high pressure and fast speed, we numerically
simulated the transient flow field characteristics of the fast-acting pilot valve based on the k-¢ turbulence model in the
STAR-CCM+ software, and comparatively verified the pressure at the inlet of the fast-acting pilot valve through experi-
ments. ICEM software was used to extract the flow channel model of a fast-acting pilot valve of a certain type of disk
spring hydraulic operating mechanism, and dynamic mesh technology was used to simulate the unsteady flow during the
valve port opening process. The influence laws of different valve port openings on velocity distribution, pressure fluctua-
tions, and vorticity were systematically analyzed. The research results show that the simulation results of the pressure
monitoring points are in good agreement with the experimental data, which verifies the accuracy of the model.During the
process of opening the oil passage, the pressure fluctuation of the fast-acting pilot valve is as high as nearly 50 MPa.The
fast-acting pilot valve is improved by increasing the gap between the spring cylinder and the valve body. After the im-
provement, both the pressure fluctuation and the maximum speed of the valve port are decreased. This research provides a
theoretical basis for the prediction of dynamic characteristics and structural optimization design of fast-acting pilot valves
for high-voltage circuit breaker operating mechanisms.

Key words: operating mechanism; fast-acting pilot valve; flow field simulation; dynamic mesh; k-¢ turbulence model
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Table 1 Main technical parameters of high voltage circuit

breaker
24y 14
J3 17 [A)/ms <9
A IF I A)/ms <60
R 25 20/kV 550
THEEATATHE/mm 180
THZETH A/ mm? 5675
TAfh 5/MPa 56

I—TARGL 2—BRSERERE: 3—F2HIN; 4—F b, S—Eiiih
BT B IRSE BREhHLA

Fig.1 Hydraulic disc spring operating mechanism
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Fig.2 Schematic diagram of the hydraulic operating mecha-

nism of high-voltage circuit breakers

TE T VEGHEE RIS, Ak, St s P T S
CY701-34 BIE ERESE AN LT 1E T PRk e
S NN R, R RIS E
AT — AT o PRI T RN T 3 R 1)
Pl WO B R, 2w W A SE I PRE
(BRE 207 W B E ) B i oo

BT 1) e s D 6 25 AR 42 o 1 ) i P ] 3
Fimo PR e T WAL AT R IR AR Y, HNE
I, O SR . 3RS
A 9 i 43 S 5 v s R o s AR . S I R IR Y
Fe R BRI T I 1 5 SARRRES, AT SE
DLW % 35 2 B AR E (9. R T S8 I BT 1 ) B R
B SRS TR, K4 4H T HIudks
W, RIS, B, SR
DA AR S A Rl o PR 2 3 1R (1) R SES 7E 52 B THUAT )
HEAMERYE A, R SRR E
B, P B G P, T B PR ST
PRI H . PSS IR Re T PO T R,
SEH TR 1 ANF (B 77)3 B AL Gt W
BAE AP G b, P e S B R B R
B FWRMEE, HoRTERHEmA Y, R E
FEHES) RS 2 BT 22 4T IR o6 i . PRt o6 3 i 2
1 ANHERIZERE, 1 2 ) 5 3 I s bl s A R

Il il 2R 3—HIRE,; 44—kl Sk
B3 R
Fig.3 Hydraulic control valve

1Tt 22—t 3—WmEE; 4—3sR i, S—EmiE: 66—k
K4 PR T
Fig.4 Fast-acting pilot valve

SR e (T )%, 1RO e DL s shR e it 1
ST

It ICEM S HL T Pt 5 S IR i E LA
RHIE, FELRUEAS SR04 A RT3 T XA AT
TIE BRI R R S IR il Y S R 4 e
177 MR CASE B IR S i sh A e R AT 5), R
IR PRI S T IR IE S5 K B 5 Pl PRs o 5 1R
KR IR, HEELEMSHNER 2 s, H
t, FEREARA 12 mm, HOEAK 6 mm, &L
ITFEN 4.5 mm, SR 5 IR AR 2 ) E) B A
0.5 mm. %R 1EH 193 315 = 4 il s F R Sk
JE i G AR eI . Wi 48 T8 ZLPGEWTITRY, R
WU EHAESN A IRIEFE D) . BT T 5 RS
s, WSAETRAHE SRR T g A 1250,
{5 SR 1 IR S o BER, 5 i SR
I, PR R R, ERS A EZ R
B A s, B ARG IS SRk s+,



2722 i LR

2026, 52(6)

f
.t
Y
zx
H
(b) #hii

K5 s s
Fig.5 Model of fast-acting pilot valve
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Table 2 Main parameters of fast-acting pilot valve
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Fig.6  Grid of fast-acting pilot valve
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Fig.9 Comparison between simulation and experiment
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