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Numerical and Experimental Study of Micro-plasma Arc Behavior with

Different Nozzle Structure
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(State Key Laboratory of Material Molding and Mold Technology, Huazhong University of Science and Technology, Wuhan
430074)

Abstract: A finite element model of pulsed discharge micro-plasma arc (MPA) under atmospheric pressure was established
based on combination of numerical simulation and experimental study. The influence of nozzle structure, diameter, nozzle
distance, shrinkage of the cathode and the current size on the MPA were mainly discussed. The spectrometer was used to
characterize the MPA temperature distribution. The results show that the nozzle structure has an important effect on the
formation and stability of the MPA. In the effective compression distance, the nozzle diameter decreases and the nozzle
distance from the workpiece has noticeable impact on the temperature increase of the workpiece. In a certain range, a larger
current brings a higher workpiece temperature, while the cathode shrinkage has little effect on the workpiece temperature. The
experimental results show that the numerical simulation results of MPA are in good agreement with spectrometer
measurement.

Keywords: micro-plasma arc (MPA); numerical simulation; nozzle structure; effective compression distance

0 3l = PEUY, BB I B R BN B, T

MR TI Z TR R RE P AR EYR GRS R
MERR T R, KRB AT T ESR0NE, R GRS
6, R 0 P T W R AR R B AT BT RO TR, B AR B R

WisEHA: 2016-12-08; fEEIAHA: 2017-05-02

PR FEA: 2017-05-11 15:40; R4 RR#ELE: http://kns.cnki.net/kems/detail/11.3905.TG.20170511.1540.002.html

BIESE: FEH(1970—), BV, mBEZ, Wl FARAE: WA E R RN T; E-mail: zzz@hust.edu.cn
EEWE: EHERHLHEKELT(2012Z2X04010-081)

Fund: Supported by National Science and Technology Major Project (20122X04010-081)

SIszH8a: XU, HAh, ABREE, 4. WO 25 R X (S B T oI R R i OB S B6AIE D). SR TR, 2017, 30(3): 122-130.

LIU J, DAI W, ZHENG Z Z, et al. Numerical and experimental study of micro-plasma arc behavior with different nozzle structure[J].
China Surface Engineering, 2017, 30(3): 122-130.


http://dx.doi.org/10.11933/j.issn.1007-9289.20161208004
http://dx.doi.org/10.11933/j.issn.1007-9289.20161208004

LERE:!] XEE, AF: WEMESERA O AT B T I e P R B O LS SRR 123

FOP USR8 B CHER R , IEM 3] H A ) B 2
SR B T IRB ) AR R i
BT — IS B T WA 5 2 2l B A 2 B T
S B S IR ISR, iR FHEUER T, AT
DA LY 250 A S I E]

Savas ASEFSE AN R RS S5 M T GTAW
(Gas tungsten arc welding), K FHAZE- T iy
i ARPOTRRAE i 5 R, BT T AERG IR
TRBN 12 AR, Traidia ASCURHT T A A PR
JUA IR GTAW Y K b s A8, He Ak B e e,
UL e ORI TP B R R I R
Bauchire ] MZ&PE Y. T TIGE (Tungsten inert gas
welding) ¥ [ 1 LIS SRS, A v LIBT3 7
LA FEIE . A AU T TIGHE A3 DA AS
TR BUE ST AT, A5 3] T R ) P EE A
WY . BRI S 5 B R R AR 4 v
9K, WEMELS XA R AN K, LA T T
IRK I T Bl 20 o sk B R A VST T A s
TIR=4E A IROTRIRL, 58T i e ST S R 1Y
2y, RS R 72, B 7 ok LLER I
A W P AR L2 [ 5 . SMAE K, HETEE
X A B T DI RS B B AL I AR A 2 AR 22
TEAET AR SR B AR H

SCHRE T /N H R Y R Dk b s Y
K FHCOMSOLA, 575 [E SRR IS W 45 F %o i 55
BRI R R b, 7 T I
GBS AL, 1533 s T
TR BE S AR . RIS, 2L
BACI B S TR S, T SRS R i1y
TR, SR T AR A R

1 HERE

L1 RERE

PR X R 1 8 s B I K o i i Al 55
BTk, SRRSO AL T B S T AR
Ptz 6], ORI EER, XSRS T R ™ 1,
@ PR 7O — iR FR s @ i sh A ]
JEARIY)Z U O A B 7 IAL TRy i A )~ -1
(LTEYRAS; 2S5BS TR, R I8N 4R
SIRERERY I @ A BEEATIRE R . 5
P Ll T AU A S/ N R, R T

ST AR T 2 I A 3R B 3 T AN 31 T A
i O WA I EAIR AR T s © AR
Py PPERES A A SRR K.

1.2 iT%l5E

BT BB, TECOMSOLER A Hr ¥ il
JiFERIR AR

(1) EL T

op 3
E+V-(pv)—0 (1)

Hor, p W, kg/ms NI, s5 v(u,
w)u, wRZR AR FE [ B, m)s.
(2) BhiE I

) (% +v- Vv):V : [—p1+,u (Vv+(Vv)T)]+j X B (2)

Ho, PHESR, Pa; ulsh Ik,
kgm sy ONHTEEE, A/m?; BRRHEEN #
B, T,

(3) fieE~FE T 2

T k
pCp (%” : VT):V-(kVT)+j-E+52—eB JVT=0ra (3)

Hrp, COMEIEILIG, Tkg' K Tk
FE, WmK'; EABRZRE, Vim; kg PR
BEHEL, 1.38x10 % J/K; Qua MRS, Wm',

(4) Z R

0A
V~(0'VV+0'E) =0 “4)

0'%+0'VV+VX(LVXA)=O o)

ot Ho

0A

E=-VV-—
Vv e 6)

0A

i =0E=-0VV-0— 7
Jj=0 o T (N
B=VxA (8)

H, VAR, Vi ANBEKRE, wbm;
THHEFR, S5 uNEZBTR, Him,

TECOMSOLER A, SR MUK ST HL I 14 252 77 e
@S LHERTTREG) TR REVEUR A, K5
Wt I RE(6), WIE R ITRE(T), Wi
Q)RS . HLIA R B S B



124 b B xR T LT IR 2017 4¢

1.3 LE‘?%%#F
PR T TR0, TR A s e o U i

AR, TF R e e FHbE . w47 Ay
fb, 2% R LA TR o A 45 8 1 9I A E 4 1 3
A, 2w e E . FEd A& E LA
RO BRI RES AN F2 IR0 9 B AN
SRR PR, Hrp, BORK A E1HBC
M . AR S B PO AIR T 000 Hz, (45 L
PEO0.5, WiMESLE K4 mm, 271 L/min,

T B PO S Rk TR S B AR . S
TR e v IR A i S A s 10,

—n-(—=kVT) =j - nl@, — eopT* )

»l e
P €

Mlle
P|€

—1 - (=kV'T) = |jion| Vi = ljetec pc — 805T*  (10)

Hrh, o NI, V; R RE, |
0~1; opfyStefan-Boltzmann¥ 5, #{H}5.67% ¢ " >
10 W-m K™, jioo MR FHIE R, A/m?; je (Unit: mm)
HHFHBHE, A/m’; VEAREEERE, V; P B AR
o MBI EEL, V. Fig.1 Computational domain of the micro-plasma arc model

€

®1 REPGAFEH

Table 1 Boundary conditions of the models™™ !

Boundary v(u, w), P Heat transfer Maxwell equation
Al Thermal insulation Magnetic insulation, j.=—1/R?
BJ tip 0m/s 3000 K Coupled
1 Inlet 300 K Magnetic and electric insulation
DEF 0.1 MPa 300 K Magnetic and electric insulation
DLK 300 K Magnetic insulation and ground
FGHI 0m/s 300 K Magnetic and electric insulation
AK Axial symmetry Axial symmetry Axial symmetry

#2 THOHRRES
Table 2 Material properties of the workpiece!™* !
Parameters o/ (Qm™) A% o/ V ¢!V p/(kg-m?) & k/(W-m-K) C,/(J-kg'-K™)
Values 7.7x10° 4.65 4.52 2.63 7 800 0.4 50 420

®3 BEENSYK

Table 3 Parameters of numerical simulation

Distance from nozzle to

No. Nozzle diameter / mm Plasma arc length / mm workpiece / mm Peak pulse current / A
1 1 10 3 2
2 1,1.5,2 10 3 2
3 1 10, 12, 14, 16 3 2
4 1,3 10 0.5, 1.0, 2.0, 4.0 2
5 1 10 3 2,4,6,8
14 ZYESEASHE JEU AL SR AT 2 ) B A 5 O

2 RS bR R PR S G N U O =R Bro WL IR A i BT 2 Y B AN [R] 4



5 330 XEE, AF: WEMESERA O AT B T I e P R B O LS SRR 125

HR . A FHIRRE N TR BT
LR e B RV SAE AN /E I L P S (b Er A m R s
BT B BHARGh A AR F i A R R
PR FOR AR e 5. B Mg
FEIR P TSGR R W S RTERshiE
PR oK A

i NS B VA Ok 7/BL 878 A |l - YA N 2
SR IR 2 A% ROST i B 7, BRI A
JEEEHR0.05 mm, FHAR BT A% R EEHRO0.1 mm™> 17,
S Al DX 58 P DO A% R 43R B D 4 = AR TR DA% 1Y
Jrik . HEH0° sfE BT E K, RAIMUMPS:K
fittgh oK A

2 HBREZH

2.1 WESTFIMRIRIFEES
ESEOFMT, BRI S LN 1 mmik
S B TR AR [ IR S I E 2 ()T . A T T
R A EUE , BRI R Y AR i AE
Fe LA LU 1100, FHIEIRTAL, 3055 B 1IN HAR
FE AR RSREAE 1 A X O o 78 3 i |

1.2

,E 4
= 10 N -—-~ Joule heating
s A\ — — Enthalpy transport
% 08 F N e Emission lose
= \ Total heat source
£ o6
£ \
= \
2 L \,
% 0.4 \
S \
8 02 .
R ) D
Z P
T -02 . L :
0 0.5 1.0 1.5 2.0

Plasma are r-coordinate / mm

(a) r-directional heat source contributions

~ 21 | 2.1
g gL -—-= Joule heating |18
= —— Enthalpy transport |
S 15 e Emission lose Il 15 )
= Temperature i 5
2 12t 2 2
= i ~
£ i °
Z o9t 09
2 g
g 06 | 06 3
ot =
8 03} o3 &
3 o —— —
s e I
= 03 : : : : -03

0 2 4 6 8 10

Plasma arc r-coordinate / mm

(b) z-directional heat source contributions
and temperature distribution

P2 s oA PR 53 Bt o] R BE O3 A
Fig.2 Heat source contributions and temperature distribution of
the micro-beam plasma arc

ERRERFRE, Bl P LR E TS
A AR IIR AN, HRE R T Z A A A
OPAR0.5 mmiEFIN . E2(b) 2 A B 19 )
(F 1R ABEIC) g IR 2H 7 SR AR A . i 35X
9). (0yrTn, B L, AGTFIHFERER, [HE
TROREIE 2R E 2 IR RE, SRR REAL 18
PAEHT, AR H AT BR B b A A D,
BE IR b AR i T X . AR B, R A BT
AR LT, R R IR AR R A B RE
DA g S 4 ) PR R TR RE R, A REAL 18
5 7 )R R T AR B R R e
RT A DR, PR PHAR R T L e o At X
Sl iy A HLRAOR PR ) A B Ao AR AR A
SETE, SREIY A -5 U O A R AR — B
(4, PR AR PR 70 Ari 52 L AL E A TR E

22 WEFEBFIMARTRT

ESEOGRMT, g i 1N 1 mmik
101750 FEL T 48 PN ) e 288 5 30 A8 Ak 4 141 3
MNo TE— IR, TR BE R A AR S
DL B S T () A8 AR [R5 1 . AE LI B LT
W, AR AN A AR IR R T, I HAR
Pk B HEARES, IURFEARRETEI 200 K,
T AE T B FL i 2 BEAR AR R %, 5 B oA
IR I NE EIER, SR TFIH
FALORRPBH ., A S HREY B SR A
FH, IR 208 R RS BN E L 098 K.

1.2 1.2
— —Current density’
& 1.0 F —Temperature - 10
: 9
<
s 08 08 =
206 06 2
3 L
Z 04 104
5 5
E =
5 I
O 0.2 0.2
N M "'lllllH
Lol ow) 1 L_J L I P l 0

0 0.002 0.004 0.006 0.008 0.010
t's

P 3 s e oI ELRE 5 v A 2 B IR ] A9 22 1
Fig.3 Temperature and current density of the micro-beam plasma
arc varied with time

23 MIEHILGRE R
TESHR AT, BORSEE 7 9IGE B 73 A i
Kla(a) Bz o JCMEWE 25 R I A 05 BL25 R AN 4(b) By



126 b B xR T LT IR

2017 4¢

o ME4a) Al IE Y, e i B 7 PR B 1
I, iKFI11 605.9 K. XTHE4(a), El4b)nlHl, M
e Ko ol 2 S IS ) I S A MU 4 1 T, B
RS 7 W 6 S T PN o T MR A R D A i R0
KAV EVERT, AR 206 5 S0 il &, thib
PEE IR R R SE300 K, 0O 46 B IR B4R
SRAGHELRER o MBI AT DURIE , JCmEHE 2544
T f (4 425.2 K, TR/ <5 000 KA TFG
SO . AT IR, R, A
W T UM RERRUE AR AE . LIRSS, X T4
SHCT, WABTHERMERIN, S8 I 7E BH R 3=
TR SRR E

P15 J s it o B R FLRE T A, BB R/
AR RR . ST, W N 1 HLRE )
K, WM 5 B 2 B A LR AN, (ABUE R
INTE R — B S, HLRE T 3 B 1) SR e 19 53
AT BRI [ SR iz B, RPE RE
fER . BIESO)RTA, FEBIMRE, AR EdER
Kt B m T, i g I L = i 2 B
n] BHAGZ Bl 7R BHAR BRI, F R B /IME R IE

Temperature / K

A 1.16x10*
<10
£ 1.0
g
2 0.8
=
g
<] 0.6
5]
<]
Q 0.4
[N
0.2
W 300

0 5 10 15 20
r-coordinate / mm

(a) With nozzle structure

Temperature / K

A 4.43x10°
x10*

4.0
)
"Max: 4 425.23 3.0

25
2.0
1.5
1.0
0.5

z-coordinate / mm

W 300

0 5 10 15 20

r-coordinate / mm

(b) Without nozzle structure

[ 4 S BT AR E 234

Fig.4 Temperature distribution of the micro-beam plasma arc

z-coordinate / mm
S = N W kA N NN ® O O

T T TV

A

T

I

0 2 4 6 8 10
r-coordinate / mm
_ (a) Electromagnetic force distribution
g 6
Z
> 2 S -
S ot E—
g -2
; -6
5 -10
=]
= 14
(=)
= 18
(5}
s 2
§ -26
= 30 . L : :
z 0 2 4 6 8 10

Plasma arc length / mm

(b) z-directional electromagnetic force distribution

5 A TR e 2% 1A

Fig.5 Lorentz force distribution of the micro-beam plasma arc

B, BH AT B 7 e ) B AR . ) L L
4 877 N/m*i/INVF[a] T B HL#E J1-30 004 N/m®, H
] T A R R B L LR T [l b ) LG O B R
il MITHLRE T J1 2 T i, HEsh il 5 il
] Nz g,

24 BHEFLERIFME

TESHRRFMT, WEFES T (5 1HBEIC)
EHRFE I E o) B, BT ANTET6(b)
It o T FPRR AR BR3~7 mm ke ) FLIE R 43

HIPE 6T A, T i EARAR /N Y I £ L3 X [7]
W, TR, RSN,
7291 mm B W% AL X L SIAY TR 40 4 L BLAR
2 mmMEHE LSBT 2, DRt n] DL ad el N £L A
AR S B T IRAY RE B B o (HAL AR /Do
EIAE RS E T, B XN SFBGR, i
FEAEUS, RS BE B Al R E v/ N LA R 2R A5 = e
EEERRI BITEES, W TR T
PHOENK, R SRR R TR, fERiAk
pR8 mmZef, R TS R mms, AFESL
A ol A5 B 90 A B8 el O il R AR T



LERE:!]

XEE, AF: WEMESERA O AT B T I e P R B O LS SRR 127

— 1.0mm

——————— 1.5 mm
—— 20mm

Current density / (107 A-m 2)

0 2 4 6 8 10
Plasma arc length / mm
(a) z-directional current density distributions

— 1.0 mm

“we 1.5 mm
onl —— 2.0 mm
1= ' YOOI
g 10 K\‘:,,’:; L B v‘;‘At\ /
:&
g of
5
e 4r

2 -

0 2 4 6 8 10

Plasma arc length / mm
(b) z-directional temperature distributions

& 6 AN[RImTEFLAE T 5 B T IR R R 2 B R Ak
Fig.6 Temperature and current density of the micro-beam plasma
arc at different nozzle aperture

G, IR G SR WA AR e P X
KR, fERRA/NMEFRI T, BEESNT1Y
TS B T S 2 I BT, A X 45 B O R
AsZu RN, BUEORRIT A A B E/NIUE
JREEFTHL,  F R AR A S RN
K, T LA T S M A 1) 5 S T U 1 s A
[F. BEALEs SRR, TEXmIE TR T, WivgEfL
e H12 mmid/ NE mm,  BEAR T AR - FH7 Ko
LRI AT, BHAR T A ZE AR A /Nt L AR R 3R AR =
AESE, WM TAREE N /N T I%A BRSPS

2.5 BARAGEERIF N

AR P9 4 il 2 B 151 1B B8, BCRYBEES
WK, RO AR T B N 46 i R TR
TESBBRMT, 5 B 9 ) (1 L CE
B)-55 BAR R THI A28 [n] (R332 43 A1 AN &1 7 (a) FR B 7 (b) Jir
TN BAME PRSI, SR IR 7 B AR B A
JIANIR), (A2l WEWE i IR AR PR, Wi b 1 LR
AR IR T B A A A — 3, PR 2% IS 30 1y 1
Yoy A H A R] o 33 J2 PR Ay M 8 ol A 55 5 - 9K
L AR AR 0%, REAE R A D 1 S5 5 7R

AURERRAIR , 7 — R Y5 I P el A2 BRI P 4 1 Fp AN
S IR AS 2 A R RE R

18
~—=10 mm
15 F —— 12 mm
14 mm
MM L 16 mm
E o ;(\ ./ | |
I - e S /
g 9 Ny
= I
54 i |
:'é)* 6 | |
5 i |
=3 i
0 4 8 12 16
Plasma arc length / mm
(a) z-directional temperature distributions
480
% ~—=10 mm
A —— 12 mm
450 - - 14 mm
M 16 mm
B 420 L
2
1]
E_ 390
B L
L
it
360
330 1 L L
0 1 2 3 4

Workpiece surface r-coordinate / mm

(b) r-directional temperature distributions
at workpiece surface

7 N[N P9 I R E 23

Fig.7 Temperature distribution at different cathode shrinkage

2.6 MM THFEERISM

HESEAKMT, BEEFLAZ 1 mmi PR =
THIRLEE M A AN R 8(a) 7 o Wi T 441 M 4.0 mm 2%
F6510.5 mm,  FHAR T A4 o0 8 i DX AS T 38
iR MN467.3 KEFHFIT6983 K, EFT
231.0 Ko U4/ N s B T LG i 4 5+
O TR FE RS . BIEFLAE ] mm53 mmif A
(] 8 188 A7 D% Y A0 8 T 9 J32 %) 5 i) o 51 8 (b)
TRo N TWEHEFLAS F1 mmitg Lk, Y TR
4 mmiKIE/NEIZ, 20 1. 0.8, 0.5 mmif, JREE
Wk ETFT9.1, 722, 326, 63.8, 533K, H4mm
N1 mmPHREE FTF113.9 KEGH T mmigi/)h 3]
0.5 mmiHRE FFF117.1 Kab o/, Rl LL4E
1 mmAb A7 ERAEIZ 51 T AW A R 40 PR S
Fo KT HEBEHEFLAS 1 mm-53 mm7E A [R] B0 T4
TR, WG TAFFEH0.5 mmiy, BT
LA H3 mmZE/NET mm,  FERR T 0 5 5 TR EE DA
618.0 K 1 7+%698.3 K, [T+ T80.3 K; il T
BE41.0. 2.0, 3.0F14.0 mmM}, FHEmEHEFLEEH



128 b B X T LR 2017 4
3 mmZ/NENT mm, - BEAR T ) e il BE 20531 b T 6 ST
T122, 559, 12.7110.8K. ~5 T BN

> - g b 8 A
g5 BRI, TR RO 4 R N A NS A <4
5 /I LR A R 4R 95 TR T 3R 0 R A 25
BAIE . AEAT RSB B 5D M AL G T e
s BN
PERTRE RS EAERA KR, JF HALRBUINE 2 SE
AR 2% . AR SEBRIE T, W Bl N . . .
ap =t ZE 0
JJ: HEE E@ﬁ% ’ mﬁi{%ﬂjﬁ:uﬁ §IJ ISH ﬁé%éﬁﬂﬁ—%lj\ﬂ: Wirkpiece sursface r—coorldzinate / mm16 ”
nﬁ“ﬁﬁ&ﬁﬁ%ﬁﬂﬁ% o (a) r-directional current density distributions
900
680 —y
— 0.5mm ——4A
640 —— 1.0mm 6 A
o | B LT "
¥ 560 | B
g 50 [\ 2 600 |-
5 as0 | \ £ \i
5 LA\ = \
S \ 450 pAC
400 | N A
360 + \‘;\‘\x\\fi‘\~ \\;; i.;:’"’iﬁ,i T
Seseeieoo | 300 ' = e
320 : : — 0 4 8 12 16 20
0 ! . . 2 . 3 4 Workpiece surface r-coordinate / mm
Workpiece surface r-coordinate / mm (b) r-directional temperature distributions
(a) r-directional temperature distributions
700 P19 U [RJ WA R A T A3 0 14 T R i Y 2 B A
660 : i ; :22 Fig.9 Temperature and current density of the workpiece surface at
v - different peak current
= 420 -
i ~ WEI0RTR . AT LA Hi A W (A F 2. A3 )
£ o Ly Ly A sy
2T 8 A, TS T IME fal 1 S FLFC o P U7 2 B X
T o BN, WS L P S A BTG R
o ; - — A DRI (R 370 RS 9 T (4951 4938,

Distance from nozzle to workpiece / mm

(b) Maximum temperature at different distance
from the nozzle to workpiece

P 8 AN[FImEE TREE R Tk i iR s
Fig.8 Temperature at different distance from the nozzle to
workpiece

2.7 UE{EER AV

TESERS SRS, A2 TH A i O 2 B R
SRR . NI AT LIER Y, AR mIRE
5 PR U R AT I (PR AR R I B 3 K, LR
B RE U TR A 0 A S R 3 G
o HTHEEMENZFEHRIE, HESHER%S
FER A AL R . WEE R A2 AZEKEI8 A
B, TR0 R e RE B 476.4 K T3]
923.3K, Tt T4469 K,

AN [ (L, A o 55 2 - I P I 2 B 40 A

32.8. 31.6531.4 vV, AR Bl 3G KOs/,
HA TR LR, XS & IS X
S NS N A I WE S S B Ky T G
BHRR T4 %) P, 5 32 i PR A 38 IS TS R, T
ESHRRHEENCR, HIREBHEZ B
PR b T L 2o 3 Y 34 K H SR 4 e TR T R
W,

3 RERME

M4 I T & SIS RS, SR AvaSpec-Dual-
3048 X H AL EF G A 19 3055 2590 G S
FSAEIT LR o g RO 8 R PO B A
FORREEE, AT
Ei - E

T=—w1_""2 (11)

Aigii _ 1_1)
k(lnAzgz/lz In )4}



%3 X, A WEBESSR XA BT I HhRE s e A B () B BT 129
12 g 12 x107
L %6 - - 2.6
10 - / 10 - -
. 8L p / = 2.1 . 8k =l 2.1
ER £+
PRCES 16 & Or 1.6
2 r ER
S 4L S 4L
g L L1 e - 1.1
Q Q
G2 b G2 b
oL = 0.6 oL = 0.6
-2 L 1 e 0.1 -2 L 1 e 0.1
0 5 10 0 5 10
r-coordinate / mm r-coordinate / mm
() I=2A b)) I=4A
12 107 12 107
r = 2.6 ~ = 2.6
10 | / 10 |1 /
I B yd
8 L = 2.1 s L ) ’ =l 2.1
g g
g - ) = L =
s 0 F 16 g Of 16
2T R
T 4+ T 4+
e L 11 e L 1.1
(5] (5]
b2 b 2
[ = 0.6 B = 0.6
0 0+
-2 L 1 = 0.] -2 : 1 e 0.]
0 5 10 0 5 10
r-coordinate / mm r-coordinate / mm
(©I=6A (d)I=8A
JEl 10 N[RIVE (B L AL TS ) F 280 B 43 AT
Fig.10 Current density distributions at different peak current
1400 o T4 Arl HEERESH
1200 | l Table 4 Spectral parameter of Ar |
Arl
1000 L Wavelength /nm 4/ 107 g E/eV 1
2]
5wl l T‘ 404.44 0.0333 5 14.6883  314.50
%‘ 419.83 0.257 1 14.5759 727.00
g 60 F Arl ]
= 518.77 0.138 5 15.296 2 657.17
400 | '
b“ Mwh % 603.21 0.246 9 15.1305 112033
200 | H
o WMWWN W s
0 ! ! 4 % i
200 250 300 350 400 450 500 550 600 650

Wavelength / nm

SRR 3R U RIS

Fig.11 Spectral results of the micro-plasma arc

A, ANBRITILER, ghGEiHE, ENGER
e, eV, BIMNISTMuG 215, KHPIRZEEH
B, MU, nm, AR G OGS
D

AIMNISTHE R, M8 R4FTRAr g4
BABE WA DR, S ImEE
B AIREZ 10 327.1 K, FHE455 5 E 6(b)
T 1 BRI SR AR AR A

H W B A 5 FCOMSOL 5.2, R
S, REESFE, shiEsrE S & il iR
4, FIEWEMEEEAY , FET T A K P i R IR

A ZE X R S B E TR Y, R RS T

F BB TR .
(1) FEHPE AR 7R EERIRA )5 78

BA. PR T RS REAL 1AL PR I

(2) U . AR LA S 1A R 40 X 5 B
TINRIE S8 E A H 2, W AA S hE
A E R

(3) fE—EMLH N, /NI FLAS, 4 m



130 b @3 x T T

i= 2017 4F

TAFREE . WO, AR 4R e B AR TR
o HEATEABIEGIE R AN, B L
WL TP ) R R SOCR A B o AR P 4 e ) A2
RS TAFIREE S A K

(4) BUE RG-S G (ORI 45 SR A AT
7, Wk TR A R

S 3

[1] KR, 5k, EEF, 5 55 FIREEHOR BOH N TR
[0]. #+44 R, 2011, 40(10): 3-5.

ZHU C, ZHANG W, WANG Z P, et al. The prospects of
plasma arc welding and its application[J]. Welding Techno-
logy, 2011, 40(10): 3-5 (in Chinese).

[2] DAIW,LIJJ, ZHENG Z Z, et al. Surface finishing by at-
mospheric pressure micro plasma beam irradiatio[J]. Materi-
als & Manufacturing Processes, 2016, 31(9): 1216-1222.

[3]1 EATEE, frdetf, . WOR A B F ORISR HEA T 5 I (1
L[], #in T2, 2010, 39(1): 128-130.

WANG F X, HE J P, XIANG F. Study on stainless steel wire
screen mesh welding using micro-plasma arc welding[J]. Hot
Working Technology, 2010, 39(1): 128-130 (in Chinese).

[4] LUSP,DONG W C, LID Z, et al. Numerical simulation for
welding pool and welding arc with variable active element
and welding parameters[J]. Science & Technology of Weld-
ing & Joining, 2013, 14(6): 509-516.

[5] SEARE, BEWETE, WIMR, 4. WiME T ORRExT oL bILE b3k

W] TP EOE, 2010, 37(10): 2625-2631.
DANG D X, SHENG X J, HU J, et al. Effect of standoff dis-
tance on flow field of assist gas in cutting slot in laser cut-
ting[J]. Chinese Journal of Lasers, 2010, 37(10): 2625-2631
(in Chinese).

[6] HHEX. S5 FARMMHRAERCR S IR MBI 5E (D). L
FH: YL FH TR, 2010.

HAN H L. Study on energy transition efficiency and electric
arc characteristic of plasma gun[D]. Shenyang: Shenyang
University of Technology, 2010 (in Chinese).

[7]1 SAVAS A, CEYHUN V. Finite element analysis of GTAW
arc under different shielding gases[J]. Computational Materi-
als Science, 2012, 51(1): 53-71.

[8] TRAIDIA A, ROGER F. Numerical and experimental study
of arc and weld pool behaviour for pulsed current GTA
welding[J]. International Journal of Heat & Mass Transfer,
2011, 54(54): 2163-2179.

[9] BAUCHIRE J M, LANGLOIS-BERTRAND E, IZARRA C
D. Numerical modelling of a free-burning arc in argon. A
tool for understanding the optical mirage effect in a TIG
welding device[C]. Proceedings of the COMSOL Confer-
ence, Milan, 2009.

[10]

(1]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

A, FSCE, BEAERR, 5. TIGHUINAY S & B E A Hr[T].
2 MNH T R2E244), 2014, 40(1): 19-23.

SHI'Y, DU W Y, HUANG J K, et al. Numerical analysis of
TIG arc under the fully coupled conditions[J]. Journal of
Lanzhou University of Technology, 2014, 40(1): 19-23 (in
Chinese).

ST, A, EIREE, . HORSE B T IURERINRE Y
BRI )], SREEH R, 2016(5): 34-37.

ZHANG J N, HE J P, WANG X X, et al. Numerical simula-
tion of temperature field distribution of micro plasma arc in
MPAWI[J]. Welding Technology, 2016(5): 34-37 (in
Chinese).

LU F, YAO S, LOU S, et al. Modeling and finite element
analysis on GTAW arc and weld pool[J]. Computational Ma-
terials Science, 2004, 29(3): 371-378.

TRAIDIA A, ROGER F. A computational investigation of
different helium supplying methods for the improvement of
GTA welding[J]. Journal of Materials Processing Techno-
logy, 2011, 211(9): 1553-1562.

CHINE B, MATA M F, VARGAS 1. Modeling a DC plasma
torch with comsol multiphysics[C]. Comsol Conference.
2015.

RAO Z H, LIAO S M, TSAI H L. Effects of shielding gas
compositions on arc plasma and metal transfer in gas metal
arc welding[J]. Journal of Applied Physics, 2010, 107(4):
044902-11.

MURPHY A B, TANAKA M, YAMAMOTO K, et al. Re-
view article: Modelling of thermal plasmas for arc welding:
the role of the shielding gas properties and of metal
vapour[J]. Journal of Physics D Applied Physics, 2009,
42(19): 194006.

LOWKE J J, TANAKA M. ‘LTE-diffusion approximation’
for arc calculations[J]. Journal of Physics D Applied Physics,
2006, 39(16): 3634.

BEE L AORDIE R M H Fi kM. Jbat: ATl R
#t, 2006.

FAN Z T. Equipment and automation of materials
process[M]. Beijing: China Machine Press, 2006 (in
Chinese).

RAMAKRISHNAN S, GERSHENZON M, POLIVKA F, et
al. Plasma generation for the plasma cutting process[J]. IEEE
Transactions on Plasma Science, 1997, 25(5): 937-946.
IR, wBH, BIEW, 8. RAABER S TRGhR T
TARBEA R TR A [T]. BB S HORER, 2013,
33(12): 1209-1213.

SUN C Q, GAO Y, YANG D M, et al. Characterization of
electron density and temperature in atmospheric thermal
plasma spray[J]. Chinese Journal of Vacuum Science and

Technology, 2013, 33(12): 1209-1213 (in Chinese).

(iR £3CT)



