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Correlation Between Energy Density and Variation of Products in Wire Explosion

ZHU Liang, ZHU Jin, Bl Xue-song
(State Key Laboratory of Gansu Advanced Non—ferrous Metal Materials, Lanzhou University of Technology, Lanzhou 730050)

Abstract: Electrical explosion of wire has unique advantage in material spraying. The features and evolution of the explosion
products have a direct impact on the quality of the coating. A series of experiments of electrical explosion were conducted in a
segmented wire explosion setup, in which the energy density of wire is adjusted through variations of initial charging voltages
and diameter of wire. Experiments results show that the initial explosion products consist of liquid and gas which will turn into
solid as the spray distance increase. Coating consists of gas or liquid will be obtained if the base is in the distance where
explosion products have not solidified. The increase of energy density, to some extent, can increase the expanding distance of
vapor deposition and reduce the proportion of liquid. When energy density is greater than 125 J/mm®, the proportion of liquid
in explosion products is 5 % and the expanding distance of vapor phase is 9.5 mm.
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Fig.1 The experimental setup
AT AE— YR R B B R O A W) R
R, K B IR B B AR R RIS
KPR B TR E O B B 2 mm
SRR BERR RO BB LB 50 mm, axXAERT A
SEIRDN B PR R O 2~50 mm Y5 N BRLE
WS, EIEHHRE (SEM) RMEA R BE
B _E PRI B 2 1 7 R s R P IR S AR A
PRI RH 5 22 Be A S5, EARSY BIA

0.2 mm 1 0.3 mm, HKEHHARMERE. ETHE
W IRIRE S 75 mmo ARYEDLRTRREE RS, TR A
5 mm B, &J@2BHRsEe HidkRED, as
HBRKER 70 mm. fHFRERERAREAE C
8.88 UF, WIHAFEHLHLE U 40314 7 KVa 8KV 9KV,

2 RBFEREREIER

R B U= R EE, TES M HUBE (SEM)
THFRE R BT IS, KBTI SR 2] B U™
W RTE R W R AR - HTB I MR E BT e
AL BB A L JRIGR IR 7 A B 5T o SR BE T 1) B4
FEPRTESRE R IR, AR RS T AH
WIS ATAIAA Pi K.

— RN 2 EHARA 0.2 mm, A B 75
HERT 7KV, 42 542 0.3 mm, BUER T 8 kV
i, $REF LR 2] i R ) E ZR B RO HRAE o
Bl RGBS RUB O BB R, W IR G LR
FPHAUT 3 MiiiEdl: O FERRRIEH OB R 2 %
/NI, 2 AR EORF R, AL T DURR S
VLI 2(a) XA IR R I SR SR AR L
PUE R ZE RS R BB BIRIZ, ATARN A DTR
WEe @ M EIREE B O B B BR WK
—EFRFERE, AR E RS IR E A AR
FHYURRZ BRRAE 5 T S AN R RSORE S AR 78 M) 28 P
K, HIRZERMSE EBSES, WE 20)fw.
A RAAR, FEIXPRIE BTE B R, #40 B<
74 L BN UKL, AR TR M B R B BT R
JBo B, XA PA IR AR
FRTEIRET A0 TR By [ A /NBORL o © L REHE
FRIE RO Y BE B BOE N, SR I e R B b
TERE R WRIE, R RETE R B AARRBRE, i
FEA KBRS V2 /NBURLHERR T A, WL 2(c)-
B, WE LRRGX ISR R, 7
P 7= W7 B e e e B 45 R L A JORE , i I X
R P 5 R AR B 3 T

T — R LR, & TR SRR
SR ZMIEREBARMNTEIL T, ML ERN 0.3 mm,
AR IR TR 7 kV B, HIEZE 2(d)
Fime MR, REHBER BRI R A S PTR
VRIE BHRAIE , R 234 265 i < BB - D SR
%, B R AR R RBEE LR EDL
WORZ I T RAHEWT, XFIEZAEY ™ Pl AR



54 1

R5ESE : AU AR rh AR R RS R AR R &

67

W, LA I L2 RN JE TR FR F i i < i s 2
REERTITEIRA o MG, BRI 4y rhiX P
SR RBNEEY, BEAE ARG 70 L R R T
TR o T SRAE HURR IS h 15 2 4 58 2 Y T L
B2, MIREMNGEZ Laaes, DL B
Yo i m R . FERZAKIE R R, BRSO
FRRE = A5 /NN , A 3 R AT o o B A3
R, B HSAH S BEA B EABRL . FTDL, REE

{ 10um

HE UKV

2 4 6 8 10 12 14 16

PERME O BES L/mm

B2 frE4 SEM MR

SEM images of explosion products

HE UKV

BRSO BB RO, A EAEIMERE AR
FHUUAR 2 H67 [ SRR AR )2 -

P, WRERE R SMUIBIRE, g
T AR AR = P IR B YE R N . — H i
IXAVERE , SRS BEES IS R RORL, 5 FEAA AR
TER R AF RIS A o

AR YIRE B IZ K B R, W DA A\
Bl Em 22 LR R MRS B 3 il TR

i 0 ;mf

b

9r O ©] ©] ©] o A A a

[ee]
T
@)
O
O
O
>
>
O
O

1 2 3 4 5 6 7 8

PR ME O BE S L/mm

B AR 5 SHALAIRE ;. DREZBRERZ ;. AR OSMITUR

(@) EAH 0.2mm M4 22 =M 2545 4L

(b) BN 0.3mm f4R 22 = MM 2 AL

3 7= Ay 5 5 WA MO T A B v B B A 56 R

Fig.3 Correlations among coating feature and the electrode voltages, and spraying distance



68 b B xR @ T &

2010 4£

A BRI OO AR ) B L A A AR IR 45 SR X
F 0.2 mm 242, M AP R R HLHLE ) 51 7 KV
8 KV 19 KV I , A I Bk 14 5 32 5 43 351 9 8 mms
9 mm Fi1 10 mm; WiXyF 0.3 mm By 2248, W45k
0 mm. 4 mm A5 mm. AJUL, MW, WG
FEHEEMRE, MM TR ERE2Z ERE
B, FEARSOR I K Y B R

3

REEEESBEFYRIXAR

eSS RO I I S — E RO T, &
JEB 2B ERRE R R E RO TR LA 2 T
s, BICVZ/2, b C Rtk AR, V
AR . WV, )RR R R
HMNRERZ| &R 2 ERREE . HEGFHTIREI&
JB 22 b RBRE, WAAREEE RO I B i S B B
Wi. MRHE Kvartzkhava $2 H i L FE B 22 b
YURR BRI A A £ 3 3R

W:VAQ—%—"Ei ~[i*R.dt (1)

HrhAQ =jidt o 1R HLBRIE B L, A2 WU
FRPBE RIS, WA R R . R,
Ay RIS H R PR R R 22 B, SEE R
5.9x10° Q. L NEEEH U, SE K 3.8 pH.
AR DM TR B Jm 22 ERYREE . bk
W ER L)@ 22 AR AR, TS 3 22 BAL AR AR L P
VIR RE R, BIRBE 2 W

Fz1 FTEMBEMLEMNYMHEEZE
Table 1 Values of energy density calculated by voltage and
diameter of wire

WIE VO 2% Imm RS /(imm®)

0.2 113

7
0.3 43
0.2 124

8
0.3 67
0.2 158

9
0.3 93

Hi TG B A AT T, R g v AR A IR AR
FiRh R A Sy . BB T Z 2B, 22m
B, @i 4 i o A R AR IR EE |
MY IEZRS, GBS Bl R,

00 P 57 0 v i e g L T B B R DE T, A
BHIRM T LS5, @R (1) a5
HIRERE . % 1 WA T AR R ERIAR R 2
BRTEEB2 LR RREE. XEEE R
25 ST LR 2 ) R R R 4 T A B R &,
Bl 4 SR, A SR T I
18 1 T34

WREL, BNSRZER, A A
MBI LA LR, B2 R P A0 3 v v e
FYRE B BE R, T R S 4 e R IR 4 BT o
Wb, (AL R R B A R
INT AR, ORI B R B 8 i ek
TR MaER R T4 80 JImm® i}, HR4E=H
W RS BUN T 10 %. AkSEBInnae 2538 0, W
FSY WU A 3818 . Y AE R iR 158 J/mm®
IF, SRR 4 b R A3 I o BT A 5 % T 4R
HALRE R A 47.8 Imm® Blo dugh L, AR
R 3 E M ACRERT, 5AELE 5 YIRS - XAk
BB, 48 22 gl BN B R AR A, B
F— AP SRR

HUR P SR BSY 5 AR 4G R I 0B R i
BB M A0 80, O T A AR A AR A5 SR AR I 5
BHEEREE. FRE, FAMERRBEER, W
35 Bl 5 35 55 55 IR 7 W T AR 3 T i B S
RE, WE 4 FRLIR. MM I 5 Ak %
BERIBE AW R, Y AR 158 Jimm? i,

AR IK B AT Ik 9.5 mm,
1.0 10
—o— Wt H ol J——:
T KR !
08 A 1g
£
= 0.6 1e E
= w
g 04l o\ 1. g
= =
0.2+ 1,
0.0 . . . ) - o

40 60 80 100 120 140 160
RERE R J/mm?

Pl 4 RE R 5 IR My IR 143 BT o 09 B SRR
Jik BE BT R R
Fig.4 Correlations among the energy density and the

proportion of liquid and expanding distance of vapor phase



54 1

R R IR R 69

4 &

(1) PG ER BB = M A T AR A T
AT 58 5 A0 VR 7 0 v A TRORE R ASORE T R R L
PIFHZS o 32 50 AB L2 8 RO b 7= 4 vh A 43 B o
Wefl. MEEREER 2~3 FH/ALRER, HiH
B WA 2R 10 %~5 %,

(2) WY, BIk—EEE R
B 4h R SR o 24 AR Kb A2 ASAH 7= 4 A 5 [ 1 i
JREEB P, IR SAVIRUZ . M Bk BE 25 E AR
B B AE Wi . YRR B K 158 J/mm®
B, A AR BE RS AT 9.5 mm.

S 3Rk

[1] %k 5%, skJEAR. MURRBOAR FIT8 408 ] & K i
WL AT S R D). MRS, 2005, 19 (12):
76-79.

FagR i, XIhBH.  HL R T I B AR AE AR R T ) %
WERB AR D] MRS, 2008, 22(2):
83-89.

& 55, B AR HARs. BRBUR PR RS S
FErER AR ER [ @R ER, 2009, 35 (9):
2232-2237.

[4] Kwon Y S, llyin A P, Tikhonov D V. Mechanism of

[2

—

[3

—_

metal destruction and formation of particles in
electrical explosion of wires Science and Technology
[C]. The 7th Korea—Russia International Symposium
on plasma, KORUS, 2003, (1): 217-220.

[5] & 8, BB, W mERG PSR ZRIH
A4 [J). BEHA, 2008, 34 (10): 77-80.

[6] Kvartzkhava | F, Bondarenko V V, Plutto A P, et al.

—_

Oscillographic determination of the energy of electrical
explosion of conductors [J]. Zh. Eksper. Teor. Fiz, 1956,
31 (5): 745-751.

Besthy, R . SR BOR B R LR R &
[J]. =i 54k, 2009, 46 (4): 10-13.

Kotov Yu A. Electric explosion of wires as a method

[7

—

[8

—_

for preparation of nanopowders [J]. Journal of
Nanoparticle Research, 2003, 5: 539-550.

(L4258 64 1)

[2] Lugscheider E, Weber T, Knepper M, et al. Production
of biocompatible coatings by atmospheric plasma
spraying [J]. Materials Science and Engineering: A.
1991, (139): 45-48.

[3] Gross K A, Berndt C C. Reviews in mineralogy and
geochemistry [M]. Washington, D C, USA.
Mineralogical Society of America, 2002.

[4] Cao VY, Lu W, Zhang B, et al. Radiological and
histological examination of gap healing on plasma
sprayed HA coating surface [J]. Key Engineering
Materials. 2004, (254-256): 757-760.

[5] Zheng X B, Shi J M, Liu X Y, et al. Developments of
plasma—sprayed biomedical coatings [J]. Journal of
Ceramic Processing Research 2001, 2(4): 174-179.

[6] FRiblte, EME, PRME. EWREBKAORZEM
BHABFFCERE [J]. ABHiR, 2002, (01):48-50.

71 & 77 Z9RFR B FRFBER HA REHH
# LA S RIEM st [J]. AR TR, 2009,
(02): 79-84.

[8] Zhao L D, Bobzin K, Ernst F, et al. Study on the
influence of plasma spray processes and spray
parameters on the structure and crystallinity of
hydroxylapatite coatings [J]. Materialwissenschaft
und Werkstofftechnik, 2006, 37(6): 516-520.

[9] Lugscheider E, Bobzin K, Zhao L D, et al. Assessment
of the microplasma spraying process for coating
application [J]. Advanced Engineering Materials,
2006, 8(7): 635-639.

[10] B 5, FMLIEE, BIJZR. BORAE B F WLk AL

KAWE [J]. A RS4R, 2007, 22(4): 754-758.

[11] e 5, BB, BOKR, & BORKSHFBHERT
ESBOTRIERE A IR R GGG SR D).
MRVFFE 224, 2007, 21(6): 659-663.

[12] Sun L M, Berndt C C, Grey C P. Phase, structural and
microstructural investigations of plasma sprayed
hydroxyapatite coatings [J]. Materials Science and
Engineering A, 2003, 360: 70-84.

fEB AL B TR AR E S TAR2ABE 730050
Tel: (0931) 2808 168
E-mail: rauly921@163.com (ZR45)

fEE . b T EI B X PSR 1 100 5 100124
Tel: (010) 6739 2168

E-mail: zhaogiuying@emails.bjut.edu.cn



