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Table 1 Safety test results of electric squib with different ESD

models

ESD model circuit ESD test number
parameters pattern /fire number

HBM 25 kV, 600 pF, pin-pin 10/0

(Sandia standard) 500 Q pin-shell 10/0

HBM 25 kV, 500 pF, pin-pin  10/0

(Electric Explosive Device) 100 () pin-shell 10/0

BMM 25 kV, 150 pF, pin-pin  10/0

330 O pin-shell 10/0
25 kV, 200 pF, pin-pin  10/0
MM 30 pin-shell 10/6
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Fig.2 Electrical-equivalent circuit of ESD
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Table 2 Calculation parameters for equation (1) and (2)

A/mm? r/Q
0.00503 1.0

A/ CcT! c/)-g’ -
0.00013  0.12

p/g - mm>> L/mm

0.0082 6.0

R3O (] iR R R AR (R 230 B T BT A AR
Table 3 Calculated temperature of bridge wire with different

ESD models( pin-pin)

ESD model E./mJ R/Q E,/m} T/°C
HBM( Sandia standard) 187.5 500 0.37 32.4
HBM(Electric Explosive Device) 156.3 100 1.55 71.8
BMM 46.9 330 0.14 24.7
MM 62.5 3 15.63 514.5

Hi¢ 3 Al UL, B AR P AD AR ESD AR A Fi I R ¢
T A7 R fi R, (E ol 7 G R v BEL TR AR K, S B A
e LR A B 22 1 RE R R R, 0 i A 0237 m) Al
1.55 mJ, fy 51 B BF 22 3 B 70 5l O 32, 4 °C Al
71.8 Co AMR-4xJm ESD #LAY i T rt 2 A7 fiE 2 d /s
730 FEL L L S i R G R Y A TR AT 22 L Y B X
H0.14 m) AFLZ IR JE(E N 24.7 Co MHLASE i T
TRCHEL HEL RHL S5 /1 7 LB L T AR FE AT 22 B RE R L B
9 15.63 m), M 223 JE RT3k F) 514.5 °Co 73] 2k IO
22 LA T RE 5 fie /N B N AR -5 T 58 28 0 A T E & e K
PR BIL 5 TR 0T i 0 e % A S A o oL R AR D, O X
H I B 22 HL BEL(EL R A7 %0 BE, 85 R AN 18 3 s o

Chinese Journal of Energetic Materials, Vol.23, No.5, 2015 (472-476)

P 3 AT, N A - e AR ol T AR TR B 22 b 1 ik
JIN A 22 30 EARAR i R R A LT R e B A7 22
P RELAEL 7™ A2 B0 o MLAR A B r ol T AR A AT 22 E 1Y
R, AF 22 5 JEE vy, v A ]S BOBT 22 H B R s
N R 2 A B R S FE 2. 1% L.
RELH AR N —E LR R T I AAS

N

11071 ESD model: BMM
1089 o brfore ESD
1064 = after ESD

1.04 4
1.02 4
1.00 4 s

0.98 4 s

0.96 4 ]
0.94 4
0.92 4
0.90

RIQ

sample number
a. BMM

1101 ESD model: MM
1087 o briore ESD
1064 u after ESD
1.04
1,02 1
1004 =
0.98
0.96 .
0.94 ] -
092
0.90

RIQ

sample number
b. MM

B3 A [v) e v 5 PR ASE YA T S Pl B A O 22 rl BEL{EL XS LE
Fig.3 Contrast of bridge wire resistance before and after dif-

ferent ESD action

R BCREL A T Bl D0 R R R R — R,
Tt A A A 22 e A - U R AR R W 2 R L 4
PN R, AL 45 245 ), (1 L R AR Al O 4k
2 R HE AL A RN BRI A T 2 ) Ak 2k THIR, 24 25 50 R
JEE I8 B HR K2 0507 A8 F R RN R A R k. RS
K g ALK AT Zr By B & KSR EE 43 3 29 R 780 °C I
400 °C,KCIO, By 4 fit i J 610 °C' . 53 3 %k
P % Hb AT, AR DL B N AR -4 S A5 7Y by R R A
HTENF 22 iR BN B 2 W ERIE, LA S
X 225 300 77 A 5 W, — 8 A E DA HE AR AR Y 2 4 P i AR
W o B A TR i F R R o 22 3R B AR R T Ak
2 Zr By 1 R K IR T RE T B0 43 24 R AR A
JIE A EL pR T G e B R AR i 24 00 SR Gk B R
SIS T ER B 4 R A 22 U A HI AR AR R 1 R, 25 )
J52 A LA 1 45 3% AT A S H R LR S I B
A H

www. energetic-materials. org. cn



S T e L B O v AR 2 A

475

JEIA o 18] 4 /iR D H R AR TP K 28 AL AR ASE T T e o)
WG CT [ 7, W v I oK WL 2] i L A HL ) #F 22
Jil R A 245 550 (P 4 (831 el ) 7= A i DL B2 iy, 5k A1 3k
Br & R — 2 .

bridgewire weld

shell

primary explosive

4 HLASASE R L O A TS R A AT 2 CT
Fig.4 CT picture of primary explosive in electric squib after

machine model ESD

3.3 R-5=77X ESD SRS

I AR T B B T AR B AR IR R T AR LR
R, i L BEL 2 R v L BEDIR 2, L e o ol e i it 2 i)
AR/ LI, LR IR R B AT SEAE . i
FL R T G R A A SR IR (24 300 V) J A BHL 57 RIVE% 78
R AR FEL BELAR S 3 2ok 9 PR 9L S ) 404 D, I I L P )
RE T Al D v BEL AR A PR RE  #0 P I P )R 9 e v T UK
FEL L O A4 X i L BEL P R S, DTG o8 i g A A 5 ]
F10 FE P R T o 2 o T R 8 0 O R s PR A AR
PRI, 70 T SR BEL AT AR 1 D00 T, o 8 A D 5 1 A FL
AN A A SRTITARYE 2 1 B4 21, >R HIAL
for P X v AR A7 A 5 () R AT R R A I, 10 e L R A
A 6 KRR A T G IR

H T i R A ER e R v s A e B D R R BH S AR
A, A AR 5 ESD A5 R 4 i At F BELAH LU T 22 A
T H R OB R B R AN 2 C it S AR AT A 545 5
A Te] e L, T30 P A 2R ) e I (8] 8 2 7, R H R I A
AE 255 T AL INF 8] BORH BE A5 B AN [R] ESD AR A4 Tk
AR IR 4

R4 (AR R AR T v Ty A A
Table 4  Calculated power of different ESD models( pin-shell)

ESD model E./m) 7/ns P/MW
HBM(Sandia standard) 187.5 300 0.63
HBM( Electric Explosive Device) 156.3 50 3.13
BMM 46.9 49.5 0.95
MM 62.5 0.6 104.17

Note: E_ is capacitor stored energy; 7 is discharge time constant; P is dis-

charge power.
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Fig.5 Typical current waveform of different ESD models
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Safety of Electric Squib in Different Electrostatic Discharge Environments

Ll Zhi-peng', Li Zi-jian', LONG Xin-ping®, WEN Wen' | LI Zhen-feng'
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. CAEP, Mianyang 621999, China)

Abstract. In order to assess the safety of a electric squib in different electrostatic discharge (ESD) environments, Human-Body
model(HBM) , Body-Machine model(BMM) and Machine model(MM) were used to study the safety of the electric squib using
two discharge ways of pin-pin and pin-shell with 25 kV discharge voltage. Results show that the decrease of bridge wire resistance
is less than 2.1% when ESD is applied to pin-pin, and none of the 40 electric squib samples is ignited. The calculated discharge
power of MM model is 104.17 MW, and 6 of 10 samples are ignited when ESD is applied to pin-shell. The analysis indicates that
the safety of electric squib in different ESD models is determined by the power and the electric current of ESD, and the open circuit
of varistor is the main reason for electric squib samples igniting.

Key words: safety; electrostatic; electric squib; electrostatic discharge (ESD) model
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