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Fig.1 Charge and discharge equipment of high-voltage elec-
trostatic discharge system

1—high voltage power supply, 2—charge resistance, 3—capaci-

tance, 4—globular discharge switch, 5—discharge resistance
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Fig.2 Sketch of detonator structure

1—shell, 2—primary explosive, 3—bridgewire, 4—electrode

plug, 5—glue, 4—down-lead
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Table 1 Threshold voltage when bridgewire fracture occurs
circuit = fracture voltage/kV
test condition
parameter 0.01%  50% 99.99%
0,
1000pF,1 Q 18 °C,30% 48.28 56.33 64.38

relative humidity
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HIE S Al 10 gl k Tah A 1 % (1B 5 B
INER A J) KA T B GO 8 RO, K T e AR IR
A TSR KT 2 o AN K I ) R AR R A
FEo AR TE R A R e B RE e B A A 2 . T

Chinese Journal of Energetic Materials, Vol.23, No.6, 2015 (578-582)

PRAFF A S 56 25 AN AR B 15 D0 T, BRIV v T A1
H 60 KV, Bl J T A5 AT RE A A HL B ZE FIAS 52 00 B
WG AHREAE AL R AR AT, T [mDICAY CT  e 25 5% A8
FRE

Sttt

www. energetic-materials. org. cn



R AR 22 KT il 11 8 T i FL IV )

581

P 6 Jir 7 D 5 I KTl -5 T X E R o
Je F SR 57 45 28, H BT 6a O 50 KV R FL A
J B T i A 24 R0 48 403 15 0 g CT A IR A, T
6b g Bl I KT S AR FEFNAE e oy B B . H BT ba W]
UL A6 0 KT ity 0 A -7 T X i R LI K
Tt 3 2 A e T AR R AR i ORI I Y
FEL 3, [+ IR R AR 2 2 TR T R A 2R DL Y
SR (] 6b)

a. CT picture of

b. electrode plug break
explosive damage

B 6 B I T -7 Oy 2R L R R Y i 2R i 2 SR

Fig.6  The typical response of detonators after ESD stimuli

away from shell

through pin-shell type

A P R P 24 1 5 AR R — A R R A i
P, — AN, X RHMRES, RO — L
TR T T A 2 O I B R K %
(PETN) , & i Zm =<, Hiligd By et
L RIFIE U AR, 25 B K AE RE B A 2 DA S IR HE 2Y
A RE B IE 2 WL L KR RE R LA S DR KE 25, OF
AR 1 29 o, K 25 W) AT BE K A= A b i 4 2% ( Defla-
gration-to-Detonation Transition,DDT) M iy & 4 . &
PR T T it B 5 ] o 25 e I i Rl K AE Y F B
e W IR, — 7 TS 26 245 1N B Y 2 AR I 8 B 3
AR o BRI R A R K R I 52 T o — T T, WL TIE
FL, ) A8 e A5 24 5 T 8 T e, DT 5 OB 43 251
A O3 il SN, 7 AR A A R I, S T T s R T
F, AW 25 R e AR [i] 1 % S 50 R I, LR FE RS2 AR 43 2, TR
IR, SO 2 1k, TS [E] K B AR
[F] , 5 R B 2 0 e A ] %) 5 5 0 B2 JE 8 o, T A5 HE 24 I
I B A RE R R 0 IR RR ST Je B, e 24 0 25 & AR i )
S0l 18 AR R S L 3k AT RE 2 e R oA — &k T
v A e Gl R R A

4 & it

(1) TERE-FE 7 sCH s OB AR PE T, K T A A 22 il
A EL R P PR TR Y T e R L D 2 O AR A

CHINESE JOURNAL OF ENERGETIC MATERIALS

W 3RS R A 50% HE R W S0 L E 2
56.33 KV. Xf 10 % Bl B HR 22 T B3k o 2
T, BRI %R TR SR K TR R KL X
I R S 22 R B A R L R R TS 40 I R O
5 TR S5 8 T 77 10 o o D A B R R DA B A T
2B 25 1) 5 28 SR O 2 T BRI I 4 L % 5 T
B,

(2) 76 -5 Jr 28 v ol 5 PR T, 100 B
TR 1 K TR RS, oK K T 3 2
A T R £ W R R Sy e S P A 4
B A e B B 31 2 MK L
Ko 2RS4 BV 72 A AR R PR 1 58T, R T
FhL M I A ) 2 R B e 1 W RS2 3

2 DL 5 LT, 7 86 P T PRI 1 4R
VB 22 T RO I I R — 52 2 B Sk % K, 3 T R £l
U S 5 O TR FE A TR o JEL DB 22 LK% 2550
TR PR 76 26 T P PR R L KT 0
B (A S

SE Mk

(1] X0W 4, BOUHE, X EA, 5. FEpg Sy M), Jeat: Kd
Tk H B AL, 1999 . 249-250.

(2] FERAE, SR8, e A X ol T S B 225 A I S W5 ()] 2k
[ &y, 2012(3): 9-12.

BAI Rui-xiang, YAN Nan. Experimental study on the effect of ESD
on EED bridgewire[J]. Initiators&Pyrotechnics. 2012(3): 9-12.

[3] LI Zhi-peng, LIU Lan, LV Zi-jian, et al. Study on the damage effects
of primary explosive in some detonator caused by ESD[C] // Pro-
ceedings of the 2009 International Autumn Seminar on Propellants,
Explosives and Pyrotechnics. Kunming, China, 2009 : 94-96.

[4] LI Zhi-peng, LIU Ying, ZHANG Pan-jun, et al. Effects of elec-
trostatic discharge on the performance of exploding bridgewire
detonators[ C] // Journal of Physics: Conference Series 418,
2013:0120511-0120515.

[5] Dan B, Douglas M H, Steven C. Electrostatic discharge sensitivi-
ty of detonators[ C] //13th International Symposium on Detona-
tion. Norfolk, Virginia, 2006.

[6] Michael ] W. Projected response of typical detonators to electro-
static discharge ( ESD ) environments [ R ]. UCRL-ID-145642.
2002.

(7] #EM, XMz, XM, & Bk T RESE 300 kv # s
W RGEM S]], K, 2007(1): 51-53.

FENG Qing-mei, GUAN Xiang-yun, LIU Hong-li, et al. Re-
search on 300 kV electrostatic sensitivity test system for EED and
fuze[)]. Initiators & Pyrotechnics, 2007 (1) : 51-53.

[8] MIL-STD-331C. Fuze and fuze components, environmental and
performance tests for[ S],2005.

(9] #andf. K LA BIHEFIM]. db a0 dbut 3 1K % W ek,
1999. 247-248.

[10] Asay B W. Shockwave science and technology reference library,
Vol.5: Non-shock initiation of explosives| M]. Springer Heidel-
berg Dordrecht London New York, 2009 583-584.

A e A 2015 % $% 23 4&% H o6 (578-582)



582 A, EE, B8, BT, 8o

Response to High Voltage Electrostatic Discharge for Exploding Bridgewire Detonators

Ll Zhi-peng', ZHANG Pan-jun’, Lii Zi-jian', LONG Xin-ping®, DAI Bin'
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. China Academy of Engineering Physics, Mianyang 621999, China)

Abstract. The response of exploding bridgewire detonators with two different( pin-pin and pin-shell) discharge types to high voltage
electrostatic discharge( ESD) was studied using a high voltage ESD test system at the circuit parameters of 250 kV,1000 pF,1 Q.
Results show that melting, fracture or explosion( without ignition) of bridgewire detonators can be observed when ESD was applied
to pin-pin discharge. The 50% broken voltage of bridge wire is 56.33 kV. The typical response of detonators to ESD is electrode
plug breaking away from shell when ESD applied to pin-shell. The response characteristic of detonator to high voltage ESD is found
to be ralated with the ESD energy distribution,the structure and the ignition mechanism of detonator.

Key words: electrostatic discharge(ESD) ; exploding bridgewire detonator; response characteristic
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