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Fig.1 Double RC equivalent model of human body electro-

static discharge for Sandia lab standard and IEEE standard

Table 1 The range of element parameter values defined in the circuit model ''7'*
model C,/ pF L, /uH R, /Q C,/ pF L, /uH R, /Q R, /Q
Sandia human ESD model 400 0.5 250 10 0.1 110 load resistance

IEEE 62.47 human ESD model 60 ~300 0.5~2

150 ~1500 3~10

0.05~0.2 20 ~200 load resistance
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Table 2 The parameter values of circuit element selected in the simulation'
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model C,/pF L, /uH R, /Q C,/pF L, /uH R, /Q R, /Q
Sandia Human ESD Model 400 0.5 250 10 0.1 110 2.8
IEEE 62.47 Human ESD Model 300 0.5 150 10 0.05 20 2.8
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Table 3 The profile parameters of discharge current obtained

by simulation

IEEE 62.47 human ESD model
U/kV 1 /A t./ns ty/ns

Sandia human ESD model
U/kV /A t./ns ty/ns

10 52 0.72 43 10 133 0.68 19
20 103 0.72 43 20 267 0.68 19
25 116 0.72 43 25 333 0.68 19
30 138 0.72 43 30 400 0.68 19
40 206 0.72 43 40 533 0.68 19
50 259 0.72 43 50 667 0.69 19

Note: t, is rise time of discharge current, ty is delay time of discharge current.
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Table 4 The parameter values used for calculation of typical
EED ''*

d D p c A R
/um /g cm™ /Q-mm? -m™ /) -gT CT/C! /Q
40 8.20 1.20 0.12 0.00013 2.8
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Table 5 Corresponding relation of temperature threshold of firing materials and action integral threshold

melting point

thermal decomposition point

explosion point(5s)

material

T/°C Z/A* - s Z/A? - s T/C Z/A? - s
Ni-Cr 1400 1.51x107° — — —
tin solder 183 2.07x107* — — —
lead azide — — 3.01x107* 282 3.28x107*
LTNR — — 2.83x107* 327 3.82x107*

Note: T is temperature threshold of firing materials, Z is action integral threshold.
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Table 6 The calculated action integral values of different discharge models
Sandia human ESD model IEEE 62.47 human ESD model
U/kv  Z/A* - s damages U/kv  z/A? - s damages
10 0.59x107* non 10 1.26x107* non

tin solder melted,

20 2.38x107* tin solder melted 20 5.05x107* ) I
explosive decomposed, ignited
25 3. 45%70-* tin soIder melted, o 25 7 58x10-* tin solder melted, o
explosive decomposed, ignited explosive decomposed, ignited
30 5 27%10- tin solt'ier melted, o 30 1.13%10-3 tin solder melted, o
explosive decomposed, ignited explosive decomposed, ignited
20 9.51x10~ tin soIder melted, o 40 2.02x10-3 tin ‘solder melted ,'exploswe decomposed,
explosive decomposed, ignited ignited, bridge wire melted
5 tin solder melted, explosive 5 tin solder melted, explosive decomposed,
>0 1.49%10 decomposed, ignited, bridge wire melted >0 3.03x10 ignited, bridge wire melted
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Electrostatic Hazard Prediction of Bridge Wire Electro Explosive Device Based on the Circuit Simulation
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(1. Military Operations Research Center, Shijiazhuang Army Command College , Shijiazhuang 050084 , China; 2. State Key Laboratory of Explosion Science and
Technology, Beijing Institute of Technology, Beijing 100081, China )

Abstract: The response regulations of electrostatic discharge (ESD) conditions for firing device materials of an electric explosive
device (EED) and its damages under an electrostatic environment were studied. The ESD process for discharge models under dif-
ferent high static voltage conditions was simulated and analyzed by the ESD models from Institute of Electrical and Electronic Engi-
neers (IEEE) standard and Sandia laboratory standard. Energy values produced by discharge were determined and compared and
analyzed with those of physical form transformation property of firing materials in a typical EED. The damage situation of ESD to a
typical EED was predicted. Results show that peak discharge current increases with increasing the initial electrostatic voltage, while
the other parameters of current waveform unchanges. For a typical firing device consisting of Ni-Cr bridge wire with a diameter of
40 pm and lead styphnat, the temperature in bridge wire can reach the melting point of tin solder, decomposition and ignition
points of explosive at the initial voltage of 20 kV, making bridge wire fuse at 40 kV in IEEE standard. ESD model; while in Sandia
laboratory standard ESD model, the temperature in bridge wire can reach the melting point of tin solder at 20 kV, decomposition
and ignition points of explosive at 25 kV and melting point of bridge wire at 50 kV.

Key words: electrostatic discharge( ESD) circuit model; circuit simulation; damages of EEDs
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