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Influence factors of electrostatic spark discharge
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Abstract ; In order to study the influencing factors and discharge energy of electrostatic spark discharge, the relationship between
electrostatic discharge spark diameter and energy level, electrode characteristics, ambient pressure, ambient wind speed, temper-
ature and humidity, breakdown field strength and electrode gap, etc of electrostatic discharge sparks were studied using high-
voltage spark generators and high-speed camera systems. The results show that when the electrode gap is 0. 5 mm and the
discharge voltage is 1 507 V, the time from spark generation to discharge channel breakdown is only 0. 074 ms, and the duration
of the whole discharge process is about 1.408 ms. Under the same electrode gap condition, the spark diameter gradually increa-
ses with the increase of spark energy level. The diameter of electrostatic discharge is the largest at stainless steel electrode,
followed by copper electrode and the smallest at tungsten electrode. When the negative pressure increases from 0. 01 MPa to
0.06 MPa and the positive pressure increases from 0.05 MPa to 0.5 MPa, the spark diameter decreases, but the change is not
obvious. In addition, when the pressure is greater than 0.6 MPa, there is no discharge spark, and when the discharge energy is
increased to 1 J, there is still no discharge spark. Environmental wind speed, temperature and humidity have less effect on spark
diameter. With the increase of electrode gap, the critical breakdown voltage increases. There is a negative correlation between
electrostatic shock penetration field strength and electrode clearance.

Keywords; electrostatic discharge; discharge energy; spark diameter
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Tab.1 Main technical specifications of spark generator

£ g £ B
HLJRHLE AC/V 220% +15% FIREBE(V,, ) /kV 16
HL U EL I/ A 2 Tt BB FEL R/ KV (RS ) 1~1.55
K AE IR K R /T 265 fif BB H RS B2 1%
F, K AR SR/ N BB ) 0.01 TAHEHR IF 7
EitEE H /T 1 ~265 TAERBERE/C 5~45
fERER L #4/] 0.01 ~1.65 TAEFARNR <75%
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Tab.2 Spark energy corresponds to capacitance

Efps  EAER/T 100 80 40 20 10 8 4 2 1
HE g uF 100 80 40 20 10 8 4 2 1
e AHEAERZT 0.8 0.4 0.2 0.1 0.08 0.04 0.02 0.01
LB fufe/uf 0.8 0.4 0.2 0.1 0.08 0.04 0.02 0.01
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Fig.1 Principle of spark generator circuit
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Fig.2 High speed camera system
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Fig.3 Electrode
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Fig.4 Electrode design parameter diagram
1.2 ik

S 7 3ok R R AR AR G S B e R L R A B, B AR AT LA A B, BB FEh BRI R
HITRZE , AERBETE KAEF AR R AL, R E AR AT .

1) BBArE. BAERRKEEERE - ER, WBESEEIKAE SER, fHAERE
MIALE s SRIGTERKF DaVis8. 40 A New Project, YE#¥ Scaling 4, F4K 2 MER R B (W
10 mm) , #IABPA],

2)WEBLRSH HELK T AR R AR R BB KBRS, AR 1Ak

3) LR T E SRR, TR 8 SR, R R AL T IR, SE S R

4) BRI S5 . SCIRSSR, QMR B & , BB A RAE B , 1 T — IR,

B IR BB A 1, # e SER I TR SRR B 15 ~20 C, FEXFIRBE 35% ~ 50% KR A T 247 o

2 R0

2.1 BEARENFESHIET

RAET A — R B T SR AR B 2, KA 7= A2 AR A FE R SR ZUAOL LR, B RE R
AR BETEIX g AR e b 5 B BE . R E AU R AT REFI M RE B 45 . 181 5 Dy KB .
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Fig.5 Spark discharge process
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Fig.6 Diagram of spark splash phenomenon ( resolutionof 8 K)
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Fig.7 Variation of spark diameter with electrode gap under different electrode materials
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Fig.8 Influence of electrode gap on spark diameter at different spark energy levels
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Fig.9 Variation of spark diameter with ignition energy under different wind speeds
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Fig. 10 Variation of spark diameter with ignition energy under different temperature and humidity conditions
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Fig. 11 Schlieren method for shooting discharge spark diagram
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Fig. 12 Variation of spark diameter under different negative pressure conditions
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Fig. 13 Variation of spark diameter under different positive pressure
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Tab.3 Test of critical breakdown voltage under different electrode gap conditions

F A% 6] Bt/ mm
L /Y
0.5 2 4 6
800 VVV X X X X X X X X X
900 —_ X X X V' x x X X X
1 000 —_ xV x x xV X X X
1 100 — VVV xV x VX x
1200 — — VVV xV x

1 300 — — — VVV
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Fig. 14 Variation of breakdown field strength with electrode gap
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Tab.4 Spark energy of electrostatic discharge under different test conditions

ERill TR LRV HL AR ] 5/ mm THRERLA/ WF RIEAERL/]
1 800 0.5 0.5 0.120
2 1100 2.0 0.5 0.227
3 1200 4.0 0.5 0.270
4 1300 6.0 0.5 0.317

4 g

DFEH B TR 0.5 mm, Heeb B 1507 V BT, FUHRERERE CREME
13.504 KHa) X KHERP= A2 530 M RRAEAT T 4148, DN A7t B L AR o 5 (LR Y 0. 074
ms, 3 LI BFFLERT 91294 1. 408 ms.

2) Al —HL IR, BEKTE BN _L T B BB s B e A FE FLA h 304 R454H
BB, SHUBRC , B5HLBB /s S L 0. 01 MPa Bk 25 0. 06 MPa L IEFE A 0. 05 MPa K% 0. 5
MPa (i3, KA B8 (S V38 (AR AR 25 53 4 FE TR T 0. 6 MPa i, R JLF= 2 e
KAE BERHO KAERERRE] 1] AR TH R KA ; SR TR B %0 KA AR BT/

3) WPk SR AT 1 50 5 S A 58 AR T o 45 80 0 38 K/ 5 e B o
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