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Study of increase in energy deposition by electrical
explosion of carrier wire
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Abstract: The energy deposition of wire is a critical parameter in determining the effectiveness of the explosion
during the electrical wire explosion. Based on developing a continuous wire-feeding electrical explosion device, a
method was proposed to increase wire energy deposition with electrical explosion carrier wire. According to the phase
transition theory of metal wire in the process of electrical explosion and the nonlinear time-varying nature of bypass
parallel resistance, the resistance-energy segmentation model of wire load was established. The electrical explosion
experiments were carried out separately using the carrier and bare wire. The discharge waveforms during the wire
electrical explosion process were collected synchronously and analyzed to investigate the mechanism associated with
the electrical explosion of the carrier wire and the variation of the energy deposition. The results show that in the early
stage of wire electrical explosion, due to the insulation of the carrier ribbon, the parallel bypass resistance is greater
than that of the bare wire, thus the resistance of the carrier wire is higher than that of the bare wire. With the progress
of ohmic heating, the liquid metal in the carrier wire accumulates from both ends to the middle in the axial direction,
which accelerates the phase transition process of electrical explosion, reduces the equivalent resistance, delays the
breakdown process along the surface, and obtains more energy.
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Fig. 5 Staging of electrical explosions carrier wire
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Table 1 Basic physical parameters of aluminium

solid density/  liquid density/  specific heat capacity  specific heat capacity =~ melting boiling latent heat of latent heat of
(g-cm™) (grem™) of solids/(J-g"-°C™")  ofliquid/(J-g"-°C™")  point/("C) point/(‘C) fusion/(J-g”")  vaporization/(J-g")
2.70 2.38 0.88 1.78 660 2520 398 10500
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Fig. 6 Carrier wire and bare wire resistive voltage and loop current waveforms under different charging voltages
P 6 N [ 7 Fh LR T 4 4 A 2 L o P % 1 8 o 0 DT

Wit 45 ) s 70 F S P A, ol 26 22 IR 22 114 ] 9k b, 0 {1 L R L P e, P U {1 340 28 W 44 v s AEAH IR SE L L IR T
7 48 22 W (I Y BELPE P R G ¢ LU R 22 U (1 T A9 BELME Fl P R, Ll 8 1) WA I 20) B AR 22, bR T 22 i R AR AR

P17 A A ()40 s 70 F P T Y 28 22 R 22 W R A A P DU FR B R B A (R) AR fb iy i 2k . Bl 7o iR e R R,
R 2 AR 22 I DURL AR 3G TR o R — FR s JR R, AR RD A () N 3 22 EU AR 2 DRV Z a8 . 1T 345 2 48
24 9% M LR I 0 3R A5 B9 BT AR BE B A3 901 2207, 231.8., 246.3, 257.4 J, B 2% 0% M LR KR I %0 3145 B T AR BE
92018, 216.1, 237.1, 248.9 J, A7k 22 S A M MR KR I AR A U DT AR B = U BR 22 A A W R M I AR AR Y TR e 1
K2 6%, 18] 8 S AN[R] 78 H HL F T 47 2 22 R 22 i e i 20 0B R et X LE 5T

SR R, &8 2 R R AR

=

gl
-3

ug(t)
0 (12)

R(t) =

ARAE A (4) ~ (1) T4 22 B BB A2 AL A9 B AEL, [R]F7E 10.00 kv FEHl da s T, T Fty 2 22 MR 22 B A 0
SLH . BRI S ST SRS B, RTINS AR 22 AL A i R T R RE R DBV . TS R G JE 22 p B

065001-5



weOoW s 5 Ol TR

600 — 9.38 kV, carrier wire 260 . .
10.00 kV, carrier wire —— carrier wire
500F — 10.63 KV, carrier wire 250 + bare wire
= — 11.25 KV, carrier wir 3
g 400+ -2 240 F
I 2
5 300 - 5 230+
< <
2 : 5
5 2001 -~ 9.38 kV, bare wire g 2207
© 10.00 kV, bare wire o
100 | ---10.63 kV, bare wire 210
-~ 11.25 kV, bare wire
— I 1 1 200 1 I 1 1
0 3 6 9 12 15 9.38 10.00  10.63  11.25
time/ps voltage/kV
Fig. 7 Energy deposition of carrier wire and bare wire Fig. 8 Comparison of energy deposition at the time of electrical explosion
at different charging voltages of carrier wire and bare wire under different charging voltages
7 ASTR] FE HL HL R R Y 48 22 TR 22 OB AE 4 A2 A il £k PEl 8 NI 3 H HL S I T A 22 R 22 v B ) 220 O AR B Ak A X L

FH LR 22 | R 22 F 4 S 30 aod e v ) el BEL R RE 1 78 Al 2 AN 5T 9 T o

e L, YR 2258 e PO, DURRE R Ik B e R, W AR OTE 55 K Se v, il e 2k i B BT AR
& B 22 AE WA P A b A B AR RE T S R, R 22 AR AR 20 O [ S A Cey Z AT L M A (e ~ep) | A TR
(ey~e3) AR Al -1 K Cey Z ) DUAS BT BL o

7 81 5 R 5 BE, i 8 22 AR 22 1) v BHL LG SRR, 32 PR R A O (o] e Bt ol 20 i e o, AR B0 3 2R v B
8, B P AR, B A AR AR e, WAL 10 BRI R IR IR IE 20 0.9 pme B 7 20 0] e AR AL R A
JIt RAR, AEATSSRAR R, BRI P 24y 2.6 nm, B804 J 22 76 [ 25 I #Aasd i vt ik skonz B 1

10
8l
1000 7’; 6l
—— theoretical value <
800 - - - - bare wire % !
—— carrier wire s 2
G o
E 600} 20
Q <
2 =
g S -2
Z 400 g
2 g —4 |
Q
200+ 11 -6}
| _8 L L L L L L L L L
. 0 0.1 02 03 04 05 06 07 08 09 1.0

0 1 1 1 1 1
1€9€41 % 81 121 161 201 241 281

time/us
energy deposition/J

Fig. 10 Current change rate at air gap breakdown

P10 ARtk o I e iR e Al R

Fig.9 Resistance varies with energy deposition
&9 H BH B fiE A fhth 26

TEXEAL I BE, 45 24 thy [ 2550 Wt 78 Y07 , 47 A 2 VA vl AR 0 ol v A7 5 B O I b BEL, AL Ik BB /N T
BRAEA; th T 322300 BAT 4 2, L35 BRI s BH K TR 22, AT (0015405 2 22 1) v B K T 22

TEVRAS B VAL I B, 43 I 22 phy VRS S W 7% 78 S, s 4 2 DR HG 4% SR P A I Y 7 43 D e o e R 4
S T R AR R RS 1 R, S b RN, HE B T IR o S R, AT 345 O £ 1 B AR R
4 &

S T 4 AR 2L A UG I, AR SCHR H A AR 22 MR IE 9 7 1, TR T R MBS 5 B T 0 R 2 7 R A 34
T e RS B % 55 006 e BEL 11 T £ P A5 e, ST T o R R o 4 T 24 6 R o BEL- B B A BB L LR 24
Sy LB SRR, 4 SR FHT Y 30 22 FIRR 22 SR AT LR A S0, SR T 22 PR AR v P PR DA, R e T A % 4 TR 22301
PR Tt A0 78 A R, o PR R A AR S R AT 20T, IR AR 2L LR A E L, BB

(U)o A5 A 2 B T S5 S e 3 4 M v R, 412 120 L TR AR s 3 R o5 4 B 22 () WL AL B A, 3675 T 47
(R JERAE AR

(2) ROV 4 J 22 Flu A 00E g 2 P AR KR B, HG T 25 A L 0 Ak AR A5 I I B M SR TT e A e s I &2 . B

065001-6



FPEMRSE: L R R TR RE R 05T

FEHL HL TR A T, [ 5 L O P LAt 4 2 AR 22 TV s P, S DA (1 4% 30 J 494 R 5 A R T S v LT, ol 0 22 W FL T )
FEL 1 Fbt T 2 ¢ LR 22 W i 0 BEL P PR T O, L L S 3k B (T N 220 B T R 22, bl 17 22 A g A AR S 7

(3) 1 4 22 PR 22 v X o T ) 55 B O 1 HL LU AT IR RV A8 1 o UK RIS, ol TRzl AT da ek, 5%
B R IR P BELOR T B 2, DT A1 280 22 L EL K T R 225 LA AR I A A AT, 000 280 22 oo 8 285 < T Y S 1)l 44 i
li] ) SR, R T R K AR AL R, AR BELN, S T T o e A, T ARAS T 2 M DI RE

(4) X T 717 4 22 B Jg K Ok — AP I T, 0 i 2 280 22 Ay icd e o A 0 ) 00 T 3, L 7 B iy A 22 5
LN 22 W R B[R] A AT AT DA Ao e SR S A I Tk, ARAS R R A AR 22 R 22l (R IR, X T R
22 FLUIR N B R T SPL A LA E B

B % 3k
[1] Chace W G. Exploding wires[J]. Physics Today, 1964, 17(8): 19-24.
(2] e, ARmese, X, 45, JFICA 22 4 o o S 22 TR RE St A B ARADL (0] P FE2F4412, 2014, 63: 145206. (Shi Huantong, Zou Xiaobing, Zhao Shen, et al.
Numerical simulation of energy deposition improvement in electrical wire explosion using a parallel wire[J]. Acta Physica Sinica, 2014, 63: 145206)
[3] RUR A, HZ2E, % 48 2B T IT b R —(): B B (0], W R R, 2018, 44(6): 1898-1906. (Wu Jian, Li Xingwen, Qiu Aici, et al. Review of
electrical exploding wires—(1): in vacuum [J]. High Voltage Engineering, 2018, 44(6): 1898-1906)
[4] Yin Guofeng, Li Xingwen, Jia Shenli. Electrical characteristics of microsecond electrical explosion of Cu wires in air under various parameters[J]. IEEE
Transactions on Plasma Science, 2018, 46(4): 972-981.
(5] s B, XBAE, MR, 55, MG & 2 R R S i s AR A T o0 [T, 3RO S5 RF 3, 2021, 33: 065010. (Han Ruoyu, Deng Chengzhi, Feng Juan, et
al. Discharge characteristics and spatial-temporal evolution of Cu-Ni alloy wire explosion[J]. High Power Laser and Particle Beams, 2021, 33: 065010)
[6] Suliz K, Miller A, Ivanov K, et al. Synthesizing multicomponent AICrFeCuNi nanoparticles by joint electrical explosion of wires[J]. Powder Technology, 2022,
404: 117491.
(7] E4EsE, TR, AR, %, B@siRirikipis g 1], %A £ maE-S T, 2021, 50(8):3020-3030. (Yan Weiliang, Wang Xudong, Zhou Hui, et al.
Research progress of electrical explosion spraying method [J]. Rare Metal Materials and Engineering, 2021, 50(8): 3020-3030)
[8] #MEsCT, IR, MET, 4 AW N2 AR OBt ], 3RO SRTF R, 2014, 26:025002. (Yan Wenyu, Zhang Qiaogen, Zhao
Junping, et al. Second discharge characteristics of aluminum wire electrical explosion under various argon pressures [J]. High Power Laser and Particle Beams,
2014, 26: 025002)
[9] Pikuz S A, Tkachenko S I, Romanova V M, et al. Maximum energy deposition during resistive stage and overvoltage at current driven nanosecond wire
explosion [J]. IEEE Transactions on Plasma Science, 2006, 34(5): 2330-2335.
[10] Russkikh A G, Baksht R B, Labetskii A Y, et al. Effect of the high-voltage electrode polarity and wire preheating on the energy characteristics of electric
explosion of fine tungsten wires in vacuum[J]. Plasma Physics Reports, 2006, 32(10): 823-835.

[11] Li Yang, Sheng Liang, Wu Jian, et al. Influence of insulating coating on aluminum wire explosions [J]. Physics of Plasmas, 2014, 21: 102513.

[12] s, ZEPH, R, % SR 2R AR KE ST ST (7], PyFE~AdR, 2014, 63:205203. (Sheng Liang, Li Yang, Wu Jian, et al. Nanosecond electrical
explosion of twisted aluminum wires[J]. Acta Physica Sinica, 2014, 63: 205203)

[13] BE, 4R, THHn, 4. S E 22r=Egekp R (1], siilo'c 5k 3, 2010, 22(3): 691-695. (Mao Zhiguo, Zou Xiaobing, Wang Xinxin, et al. Nano-
powder production by electrical explosion of wires[J]. High Power Laser and Particle Beams, 2010, 22(3): 691-695)

[14] Kotov Y A. Electric explosion of wires as a method for preparation of nanopowders[J]. Journal of Nanoparticle Research, 2003, 5(5/6): 539-550.

[15] Tucker T J. Behavior of exploding gold wires [J]. Journal of Applied Physics, 1961, 32(10): 1894-1900.

[16] BKIKE, WRAH, BRZ2R, % SR REMS IR LR ], MR, 2019, 45(8): 2668-2680. (Zhang Yongmin, Yao Weibo, Qiu Aici, et al. Review

of wire electrical explosion phenomenalJ]. High Voltage Engineering, 2019, 45(8): 2668-2680)
[17]  Hesfdn, AR5, e e, 2RI B S AV D], PrEid, 2012, 61(07): 500-505. (Bi Xuesong, Zhu Liang, Yang Fulong. Mechanism of current
injection in the process of wire electrical explosion[J]. Acta Physica Sinica, 2012, 61(07): 500-505)

065001-7


https://doi.org/10.1063/1.3051737
https://doi.org/10.7498/aps.63.145206
https://doi.org/10.7498/aps.63.145206
https://doi.org/10.1109/TPS.2018.2805351
https://doi.org/10.1109/TPS.2018.2805351
https://doi.org/10.11884/HPLPB202133.210103
https://doi.org/10.11884/HPLPB202133.210103
https://doi.org/10.1016/j.powtec.2022.117491
https://doi.org/10.3788/HPLPB20142602.25002
https://doi.org/10.3788/HPLPB20142602.25002
https://doi.org/10.1109/TPS.2006.878364
https://doi.org/10.1134/S1063780X06100035
https://doi.org/10.1063/1.4899042
https://doi.org/10.7498/aps.63.205203
https://doi.org/10.7498/aps.63.205203
https://doi.org/10.3788/HPLPB20102203.0691
https://doi.org/10.3788/HPLPB20102203.0691
https://doi.org/10.1023/B:NANO.0000006069.45073.0b
https://doi.org/10.1063/1.1728259
https://doi.org/10.13336/j.1003-6520.hve.20180615006
https://doi.org/10.13336/j.1003-6520.hve.20180615006

	1 实验平台
	2 金属丝电爆炸过程分段模型
	2.1 沉积能量
	2.2 电阻-能量分段模型

	3 实验结果与分析
	3.1 带载丝电爆炸基本过程
	3.2 带载丝对沉积能量的影响

	4 结　论
	参考文献

