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Fig.1 Structure model for bridge wire electro explosive device
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Fig.3 Computational domain of the charge simulation method
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set the number, type and position of
simulation charges
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( establish the potential equation
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satisfy relative error criteria
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( calculate the electric field distribution )

end
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Fig.4 Solution flowchart for the charge simulation method
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Fig.6 Electric field results from simulated charge method
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Fig.7 Electric field result by COMSOL modeling
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Table 1 Comparison of the electric field strength
. charge simulation COMSOL .
position 4 . relative error
method / V-m /Vem
starting point  5.55X10° 5.52x10° 0.5%
endpoint 8.83x10° 8.87x10° 0.4%
midpoint 1.39%10° 1.38x10° 0.7%
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Fig.8 Dimensional drawing of scaling electro explosive de-

vice(unit: mm)
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Fig.9 Scaling structure and actual item of the electro explo-

sive device
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Fig.10 Photo of the electric arc phenomenon during electri-

cal breakdown process
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Table 2 Solution results for foot-shell coefficients A and B

obtain breakdown voltage for different foot
shell distance by experiment

C calculate the electric field >
distri?ution

set the range of A and B for loop
solving

(_calculate the breakdown coefficient )

satisfy relative error

C obtain the right A and B >

end

E12 A BRI
Fig.12 A, Bevaluation process

foot shell distance/cm A/(cm*133Pa)™"

B/(V-cm™)-(133Pa)™"

breakdown coefficient k relative error

1.2 8.4 156
1 8.4 149
0.8 8.4 132.2
0.4 8.4 102.2

17.89 17.88 0.10%
17.73 17.70 0.20%
17.51 17.47 0.20%
16.81 16.78 0.20%
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( import model and add material )

add the electrostatic field module and
apply voltage between foot and shell

l

run the simulation and get the electric
field distribution

¥

add electrical breakdown detection
module and adjust parameters

|

< set the simulation time and

run the simulation

< obtain thel electrical
breakdown coefficient
end
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Fig.13 COMSOL simulation Flowchart
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Electrical breakdown indicator simulation result at
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Fig.15 Breakdown indicator simulation result

A2.7501

oy

L= S = =2 e =)

'0

a. t=0.97 ms t=0.98 ms

418729
B1e Hid g R A AR E

18

16

14

12

10
Fig.16 Breakdown coefficient simulation result
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A Prediction Model of Arc Ignition for Bridge Wire Electro Explosive Device Under Direct Current Excitation

ZHANG Bo-yuan'?, LIANG Tao'?, XUE Wan-ting'*, WANG Zhe'*, MU Ya-ru'?*, XIE Yan-zhao'*
(1. State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University, Xi'an 710049, China; 2. School of Electrical
Engineering , Xi' an Jiaotong University, Xi'an 710049, China)

Abstract: To investigate the arc ignition characteristics of bridge wire electro-explosive devices (EEDs) under DC excitation and
predict the arc ignition safety threshold, the simulated charge method was exploited to calculate the cross-sectional electric field
strength between the foot-wire and shell of bridge wire EEDs, following a scaled experiment for EEDs to solve unknowns in the
electrical breakdown model, which is the electrical breakdown coefficient between the foot-wire and shell of EEDs, leading to a
quantitative criterion and arc ignition prediction model. Results indicate that when the laboratory temperature is around 25° and
the air pressure is atmospheric pressure, the distance between the foot-wire and shell of bridge wire EEDs significantly influences
the arc ignition threshold, and the shorter the foot-shell distance is, the lower the arc ignition threshold is. The relative error be-
tween the measured breakdown voltage and the calculated results from the predictive model does not exceed 3.3%. Further-
more, the relative error between the foot-shell breakdown coefficient simulated in COMSOL and the calculated results from the
predictive model is within 1%, verifying the model’s accuracy. This research provides a reliable tool for predicting arc ignition
safety thresholds, potentially enhancing the design and safety of EEDs.

Key words: bridge-wire electro-explosive device; charge simulation method; electrical breakdown calculation model; arc igni-
tion;scaling experiment;foot-shell distance
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