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Abstract: To solve the problem of insufficient structural strength of two gap gas spark switches
for controllable shock wave equipment in unconventional shale oil development, this paper
proposes a design method for synchronously optimizing the structural strength and electric field
distribution of gas spark switches in high static pressure and limited space. Based on finite
element simulation and theoretical analysis, the impact of 50 MPa external high static pressure on
the structural strength of the gas spark switch is evaluated. For a gas spark switch model with
sufficient structural strength, the electric field distribution inside the switch is optimized and
analyzed through Gauss’ theorem, leading to a design scheme for synchronously optimizing the
structural strength and electric field distribution of a two electrode gas spark switch. The
research results indicate that the strength of the switch structure is primarily positively correlated

with the chamber wall thickness, and the increase in wall thickness may increase the probability
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of abnormal discharge of the switch. Under specific wall thickness parameters, there is an

optimal value for the electrode radius to make the electric field intensity on the insulator surface

the lowest. On the premise of ensuring the structural strength, the existing switch electric field

distribution is optimized and analyzed. The optimized switch gap exhibits a slight improvement in

the uniformity of the electric field, and the electric field intensity on the inner and outer surfaces

of the high-voltage insulator is respectively reduced by 59. 6% and 31. 0%. By first increasing the

structural strength and then optimizing the electric field distribution, synchronous optimization of

the structural strength and electric field distribution of the two electrode gas spark switch in

shock wave equipment is achieved.

Keywords: spark gap switch; finite element; high hydrostatic pressure; electric field distribution
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Fig. 1 Structure of the device for generating repetitive pulse

strong shock waves
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Fig. 2 Structure of two gap gas switch in low static

pressure environment
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Fig. 4 Structural response of switch components under 50

MPa hydrostatic pressure

TE 50 MPa # R 36aE -, i F] ALE 535X JF
SRR A 1) e ik 5 A g 7 R AT T ASERRLBIE 5, v K sk
AL E T JC R i B TG PR K sk ok 1 B i 1)
UIRIBOE T EEE SN aE NN ¥ &7 SO R L E
it U A R R O 4 D 24 P A KR IR 3h S RE AL KL
LSDYNA A4 ASEAE FH S AR R, B il T
TNT MRS, R 7 B E 5 20805 7= A i ok ik
O3 G IR A M) OB TNT 2548 3 8 Ol 45 % 4
FEAFE KR 8 em  EL AR K 20 mm 1Y 8 H: 2544,
TEOCH A v o e O ELAE AR I 5 TR, Hoh
TNT 2545 H & P98 25 s P 2 K3 R IR BRI 72
PHEATHLAE 38 5T dynain SCPFEE K R T 045
A 18 AE A 90 4R S AR 5 ) AR

5 TFSERAT: nfr it e S 4 LA Y

Fig. 5 Simulation model of switch component impact

response

Horp TNT IRAE T FEH Jones Wilkins-Lee (JWL)
TRERR N




59 FEHR A R R R P IR B AR T S g 4 K g Ak s 157

A 250 il P

P=A, (l —R%lvv)eflelv + B, (] —Riwv>eflegv + wTEO JJ/E(Z}J)(T)L
M h::
K. P REBIER I E, 0GR A R T RE &5V z:gg
*HX‘T’{ZK%/E{;AI\Bl \Rl \Rz N ﬂ‘j JWL %?&ﬁ%ﬁ*ﬁéé 222
SHA, RTR R FUE 45 2R 80 T i AR 2 414

F ik (4 FE 4 v By S B 4K 18 28 BROAH O R 80, T 4l
WA S B KRR R R, 53 5 R (R BUE
32 B Ik 7 5 1 B A2 A /Y 52 72 B L w0 SR WD A6 BE B
TNT 914 JWL T RESHOLE 1.
&1 TNT #han4s JWL 7 42 S 4%
Table 1 Initial JWL equation parameters for TNT?!

A,/GPa B,/GPa R, R, w E,/GPa p/(kg+m™*)

371 3.23 4.15 0.95 0.3 6 1630

o N R,
HRGACREMBRR RS T ERTINTE
Z I Rk
P=C,+Cip+ Copt +Copi* +
(C, + Copp+ CopHE, (2
K. C ~ C AZIMARE T BRAXLSELC, ~
Cy N5 A RMARFBURL & A W R ELCo ~ Co N5
B IR B 1% FE A OC I R 8L = R K Z I AR
ABITBESHWE2, Kb C, = C = 0,0 =— 1+
o/ o 00 RMEHAI UG B EE . MORLAY E, AR 4 KRR
IE SR CE N
k2 wmALREAXGREFTREEHK
Table 2 State equation parameters for water and air

polynomials

c/ G/ G/ E,/
I It C. Gs ) .
GPa GPa GPa (10° J e m™®)
=K 0 0 0 0.40 0.40 2.5
7K 2.2 9.5 14 0.28 0.28 3.6

& 6 () 7R T HF KAMFEAE 50 MPa iR & i o
AT I SR PE R AR = B B 6 Ca) AT LA
TERESRMET . 5 & e R A IR TNT 24 4 5 4
BAETF R BN BE = 20 1. 3% S A, —
il R A T OCHE TR N L T 4 TAEBT
U T/ R AR T A6 - F W BB W] BR i BT ¢
Jry i e A B S TR A E T e L L R S AR e
6 (b) 25 T JF e s BE P L A1 3% 1 0 o5, 1) S5 2N )
AR PR A 1 A KON ) e s (A 1 050 MPa,
It T 42CrMo W JE IR 5% B 967 MPa, A I I8 =
PR RE H B AR

http: // zkxb. xjtu. edu. cn

2.76
I 1.38
0

(a) FE R IR TR A =5 [

1200 -
—— PYHED A

1000 - - - = MR

§ 800 -

~N

R 600

e

s

Bs

A
=5
N
(=4
S

200 7

0 100 200 300 400 500 600
I 1)/ s

(b) FF 2 i BE P S A5 46 4R g
6 50 MPa #JEFRIE T IT IS 7E o 25 44 il iz
Fig. 6 Impact structural response of switch housing under

50 MPa static pressure environment
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thicknesses under a hydrostatic pressure of 50 MPa
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Fig. 9 Structural response of switches with different support

angles under a static pressure of 50 MPa
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Fig. 10 Internal electric field intensity distribution of

switches with different structures
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field optimization
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