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Ignition Characteristics of Bridge-Wire Electro-Explosive Devices under
Transient Electromagnetic Pulse Irradiation via Reciprocity Principle
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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

560 %

electromagnetic safety in EEDs.
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Fig. 2 Equivalent circuit model based on the reciprocity principle
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