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Impact Mechanism of Micro-defects in the Exploding Foil Bridge Region on Energy
Conversion Efficiency During Ignition
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Abstract: To quantitatively evaluate the influence of micro-defects( blind holes or through-holes) in the bridge region of
exploding foil initiators (EFI), a three-dimensional electro-thermal coupled finite element model was established using COMSOL
Multiphysics. Transient temperature rise and energy utilization were compared between defect-free and defective copper bridge foils
under a 0.22 uF /1 500 V discharge circuit. Results show that: for defect-free foils, the four corners heat first , and the centre reaches 1
400 K within 100 ns, leading to uniform melting; In defective foils, micro-holes distort local current density, forming low-
temperature “current blind zones”; Unmelted metal fragments are ejected with the plasma jet, significantly reducing energy
conversion efficiency (up to 21.7 % relative decrease in extreme cases). A critical size threshold is identified: when the through-hole
diameter exceeds 50 pum or the blind-hole depth exceeds 3 wm, the threshold effect becomes pronounced. Specifically, for
through-holes > 50 pm, the average temperature rise onset advances by 3 ns and the burst time is shortened by 33 ns; for blind-holes >
3 um the current blind zone expands, and the relative decrease in energy conversion efficiency exceeds 8 %. This study establishes
quantitative defect-tolerance criteria for EFI micro-defects for the first time, providing theoretical support for optimizing the
manufacturing process of highly reliable pyrotechnic devices.
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Fig.12 Current and voltage curves of through-hole defects
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Fig.13 Current and voltage curves of blind hole defects
ST 13 By HiZk, SRS LB R ) g
IR, AR AR LB R T R
BRCREAEINER 2 PR
R2 IMRESILERPGRERIEIAERSR

Tab.2 Energy conversion efficiency of blind hole defects with
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