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Abstract: To efficiently evaluate the safety limits of bridge-wire electric explosive devices
(EEDs) under transient electromagnetic pulse field (TEMP) irradiation and reveal their ignition
mechanisms and characteristics under single and repetitive-frequency TEMP effects, this study
proposes an efficient electromagnetic coupling calculation model for EEDs based on the reciprocity
principle, which is verified using full-wave simulation. By combining this calculation model with
the EED ignition criterion, an arc/temperature-rise ignition assessment model for EEDs under
TEMP irradiation is established. This assessment model is used to systematically examine the
ignition characteristics of EEDs under single and repetitive-frequency TEMP irradiation. The
results show that under single TEMP irradiation, the primary ignition mechanism for EEDs is arc
ignition. Under repetitive-frequency TEMP irradiation, the ignition mechanism depends on the

single-pulse intensity and pulse interval. When the electromagnetic pulse intensity within a single
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cycle is sufficient, transient electrical breakdown occurs between the EED’s pins and casing,
directly triggering arc ignition, and subsequent repetitive-frequency pulse cycles only sustain the
arc stability. When the electromagnetic pulse intensity within a single cycle does not meet the
electrical breakdown condition, if the bridge wire’s thermal equilibrium time is much greater than
the repetitive-frequency pulse period, continuous heat accumulation at the bridge wire can lead to
temperature-rise ignition. Under repetitive-frequency TEMP irradiation, the ignition mode is

closely related to the incident field intensity and duration, and both types of ignition mechanisms

can potentially occur. The findings can provide valuable insights for the quantitative analysis of

electromagnetic safety in EEDs.
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Fig. 1 Linearly polarized plane-wave electromagnetic field

impinging on an EED
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Fig. 2 Equivalent circuit model based on the reciprocity principle
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Fig. 3 Pin-to-shell port and pin-to-pin port
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Table 1 Geometrical parameters of an EED
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2.2 BAEZNER

£ TEMP 48 BT, #F 22 8O0 R A8 1, L™
A 1 £ HIRON T BO 22 R B . U 2R A
1) 3t 2 245 700 9 s R BE BN, B | &R T A5k
R M UL R - AR A R R T R S A LT
R E I 22 0 T 22 18] 1 28 e R R A e

dAT 1
P RAT (13)

K Cr B2, BUE R 6.56 ]« °C 'Ry 2 HF
2 ARBH . BUE Y 2534 °C « W AT R 22 40 B il
Thi P B 22 4 i it T

T 220 W% T 243 700 A2 B il A 8 R e
ROKBE S BT A T A SCR M TEMP 5 R EED
(R T & KRR , L AT A AN 52 A O B ST 4518

HE— 20 W] SRAG A 22 b i IR TR

AT = ew’«‘TReJ" oo BBar o
0 T

Cr

T EE L AS B IGREIESE(0=90°, ¢=
0%y =0, T 5 M 22 J8& W H He B B R an il 7 B
RS2 BIR TR 8 s

0 10 20 30 40 50 60
t/ns

P 7 W 22 b L

Fig. 7 Induced voltage at bridge wire

TR R L, BTN 8.96 X10 7°C,
BT &R FL R A 0.23 VL, iZ IR T R 18 B 4
320 °C WYH K2y AR B IR

zkxb. xjtu. edu. cn

1.0

0.8

206
=
=04
<

0.2

0 50 100 150
t/ns

K8 M2z abif Tt ith 2%

Fig. 8 Temperature rise curve at bridge wire

3 LR TEMP %X EED % k)

A

TEMP SRR 12, & B A g ik o) R g vl
g P o A Tk B B RT3 ns B s S5
SIS SR X R B A AT TR AR T AN TR 2 4
TEMP 23 i 3 52 Wl JIi -7 S A7 22 18] 7 A= (8 J2% 07 v I
PR G 7 1 A [ A S #3759 R AT
WF5E B TEMP $8 IR 2 8000 EED & K952, Jf
22 4R A TEMP 358 .

3.1 )X TEMP (&R 3l & X H %

R AER 53 BT E I R Cif P =X (12) 7 Fl i 5
B BT S BE AT LA 9.5 MV/m, i
FEBEE (A N TEMP S 806 B Sk 520, AR 40
55 2 T RSRAREAEBR A5 BRI HEES ) 0. 5 ns~5 ps FIfik
$i 30 ns~50 ps BYEAYR TEMP 48 B8 -5 6] 8% H
R R WK 2, JE ST R Ik 3 44
W

MR 2 AT LA L LE e A ST IEE T i
F Z2 BB A S R 3 i Y B DRk B B S 0 e S
Ul 14 3 PR A2 A, e KB BRAE FT I B 1] 20 ns, ik
$& 200 ns, 0K 20/200 ns, F3CH. HEEHE A S
ML AT I VR BK SE 4R 22 3 K i F R B2 B
Rof s A, ok U5 T H o o o R A B B AR A AL R,
WP R (5% W 0 0 S b A, K e e O R ) R
ok B8 4G T 2 G 3 e AR N L R R S Bol
RPN, A G HLF TN I [E] KT 300 ns, ik
YR T 3000 ns, B i 5F RECRANAL T HE X,
A JF o il R 5 W U L X — B U
Mk HE G FEENEAL TR EFWE —

BB .




204 [N ]

PN

60 %

A2 ARANGE YRR LR TEMP 48T
Bk ABOGTHER
Table 2 Breakdown calculation results under single TEMP

irradiation with constrained incident field amplitude
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Table 3 Calculation results of breakdown under single TEMP

irradiation with constrained incident field energy
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Table 4 Temperature rise of bridge wire under single TEMP

irradiation with constrained incident field amplitude

NS AT A /s ASTHIAIKSE /ns IR FH/C
0.5 30 2.104 0
0.5 40 2.082 4
0.5 50 2.065 3
2.0 50 0.648 7
5.0 50 0.308 5
10. 0 100 0.233 2
20.0 200 0.143 5
40.0 400 0.085 4
60.0 600 0.062 3
80.0 800 0.055 0
100. 0 1 000 0.032 8

300.0 3 000 0.054 9
500. 0 5 000 0. 069 6
800. 0 8 000 0.097 2
1 000.0 10 000 0.111 0
3 000.0 30 000 0.292 3
5 000.0 50 000 0.582 0
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Fig. 11 Extreme included voltage at bridge wire under single

TEMP with fixed incident field amplitude
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Table 5 Temperature rise of bridge wire under single TEMP

irradiation with constrained incident field energy

AR GATH ISR /ns ASFHIGIKTE /ns IR FH/C
0.5 30 13.464 2
0.5 40 10. 234 4
0.5 50 8.242 3
2.0 50 2.394 8
5.0 50 1.823 1
10.0 100 0.914 4
20.0 200 0.245 2
40.0 400 0.039 9
60. 0 600 0.020 7
80.0 800 0.127 0

100. 0 1 000 0. 009 2
300.0 3 000 0.003 3
500.0 5 000 0.002 5
800. 0 8 000 0.002 2
1 000.0 10 000 0. 002 0
3 000.0 30 000 0.001 7
5 000.0 50 000 0.001 4
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