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Fig. 1. Experimentalsetup: (a) Circuit diagram; (b) wirearrayload.
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Fig. 2. Parameters and stages of explosive discharge of wire.
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Fig. 3. Parameter variation of copper single wire with time varying under different mass (diameter): (a) Voltage; (b) electric cur-

rent; (c¢) power; (d) deposited energy; (e) resistance.
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Table 1.  Parameter comparison of copper single wire under different mass(diameter).

il 22 B4 /pm
50 100 150 200 300 400
H1HSUE(E /K V 462 +2.7 421 +15 3L7+19 289407 241+ 1.1 7.1+ 04
PR U B ) / s 0.26 + 0.01  0.77 £ 0.06 1.30 = 0.03 1934+ 0.02 3.40 + 0.04  6.45 + 0.04
AR 5E /s 0.07+0.01 0124001 0.14+0.01 017 +0.01 028 +0.01 0.64 + 0.02
LRI FT TR B A/ 2.7 +£0.2 139405 3474+23  61.6+34 1158 +4.1 1238458
HLI A — i B AT U e /T 402414 703433 1186449 1592451 2175484 138.9 4 4.6
WG HRE /mQ 178.3 44.6 19.8 11.1 4.9 2.8
AT e /I 0.5 2.0 4.5 8.0 18.0 32.2
TSI AR /) 2.2 8.6 19.4 34.5 77.2 137.9
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Table 2. Parameter comparison of copper wire array under different mass (number of wires).

s i 2 AR /AR
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7.4 86.0 103.2 120.4 137.6
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Fig. 4. Parameter variation of copper wire array with time varying under different mass (number of wires): (a) Voltage; (b) electric

current; (c¢) power; (d) deposited energy; (e) resistance.
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Fig. 9. Deposited energy of copper single wire and wire array with mass varying: (a) Deposited energy before voltage collapse;

(b) deposited energy before the current first crosses zero.
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Abstract

In this paper, discharge characteristics of a planar copper wire array explosion driven by a microsecond
pulsed current source (500 J stored energy) in atmospheric air medium were studied. Meanwhile, controlled
experiments were performed with single wire cases. With a 2 cm distance between electrodes, 2-16 copper wires
with a diameter of 100 pm were selected to form planar copper wire arrays, and single copper wires with
diameter of 50-400 um were selected for comparisons. Load voltage, circuit current and light radiation intensity
were measured. Electric power and deposited energy were calculated. The experimental results show that for the
single wire case, with the increase of mass (diameter), the process of vaporization and ionization become slower,
manifested as a delay of the voltage peak and an increase of the full width half maximum (FWHM) of the
voltage pulse from 0.07 ps to 0.64 ps. In contrast, although the explosion time of wire array load was delayed
with the increase of mass, the duration of vaporization and ionization did not change significantly with a
FWHM of 0.11 + 0.01 ps. In addition, the deposited energy of wire array load before breakdown was lower than
that of single wire load with the same mass. As for the optical radiation intensity, under three cases with the
same mass, the peak intensity of wire array explosion is about 28%, 49% and 52% higher than that of single
wire explosion. There may be two reasons which cause the difference between the single wire load and wire
array load. First, the larger specific surface area of the wire array load makes faster phase transitions. Second,
the development of thermal or magnetohydrodynamics for the two kinds of loads was different, which should be

responsible for the differences in energy deposition and optical emission.
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