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Abstract: Deep weld penetration is the main way to achieve high welding productivity pursued by welding workers, espe-
cially for the TIG welding process with perfect weld quality but lower weld penetration. Activating welding method originates
from the AF-TIG (Activating Flux TIG) welding, in which a thin layer of activating flux is applied onto the surface of work-
piece before common TIG welding and results in dramatic increase of weld penetration, more than two times of TIG welding.
In order to promote the application and development of active welding methods, this paper introduces two mechanisms of in-
creasing welding depth in activating welding, and the application of numerical simulation in molten pool flow, stress-strain,
and active flux transition. It is easy to deeply understand the influence of active elements on the increase of weld penetration
and weld properties. It is suggested that the mechanism of increasing weld penetration by active fluxes needs to be clarified,
and research on the metallurgical behavior of active elements in the low-temperature solidification stage and their influence on
the phase transformation process of the molten pool and welding seam properties should be strengthened. This will promote
the introduction of active elements into fine control technology and the development of new activating welding methods.

Keywords: A-TIG welding; numerical simulation; temperature gradient coefficient of surface tension; stress strain; active flux

transition

51 A, AR B LS, 55 B ERUUTE I PR B S T i O IR SRR [T ], AL, 2023, 53(11) : 35-43.
Citation:LI Xiaohang, REN Changjing, NI Yu, et al. Status and prospects of numerical simulation of activating welding technology[J]. Electric Weld-
ing Machine, 2023, 53(11): 35-43.

ISFSEHEE: 2023-04-12  fEEHHEA: 2023-09-14
BEEWB : WK KB M RHERESS 1 A-TIG K T L05%
EEB N 2WAT(1997—), T Feisefi+ , 8GR 5 RS (91F5E . E-mail : niyu2008@163.com.



36 F 13K

2023 4F

S N e NN [ I = o N
BOAEAR Tk i BB AR 22—, FLR a3 H kb
B, BV IE SR B = AR AR A5 4 58 g
ko ATAER TR (A-TIG S ) /E h—Fh sl sk
IR 23 Tk 1o Bl e
FE e AR IR T R B AR - AR S R 4
Hh, DL | FR SIS 4 e A s it 2 1T e g 1% Dy =l
PRARGEIRURIGIN . 2y P de i 1 5 2% P
5T T (PWI) T 20 tH:42 60 -0 AR LR & 4 it 72
Hh R B K T A ) i A T LA e in A
WRIR . (HE, EH#) 20 22 90 4051, KR ST
BILRE) (5 ] K 42 0T 5 JUT R0 5 ek A 4 0T 5 T 55
A FHIRR AT Z 5. BT, A-TIG KT 1E
AN ANFW BRI E S XA A &SRR T
N B HA AR RS RS N
BN HETR TR . SR, £ X A-TIG A TR
B n K A SR AR AL — EAFAE o

25 T B AL A A € & R LS BB R
FE AN 6 3%  BUE Ry EE T T B S
5330 AR TR AL A e P X AR AT
TE PR B R IBTR A o 78 AAE R 8
AR X 1 R 08 T B B B WA st NS A R AR T B
I £ A7 v 18 A D AR R 1 PRI Y . 3
S O R A Kol N B AR
SEISFE) K0 25 FI/INKELSE i L KR IR 77 A 1T RE
SR AR o A AR AR AR U AT LA 3 e AR
EOEIE IR I AR R B RO O)
T Iz B 2k T f il A AR A Sl v A AR T Bl B A% AR
AR PRI, A SR [ S8 TG PR RS TR AL, %X
L YR dm st v e WA A St R iy i v PR - AT SO VA
2 DS B RL AR F0F 7% 0 M ) T 22
VERT, IR B S GRS £ 1R — 28k

1 A-TIGB#EEFRIEmyLIE

FEXHE PR BT AR v, R 38 X R 5
3G A IR A LB A 1 AR OR B %R, I JR T TR

ST . Bl PWIRYAF N B3R 45 52 56 I 22 42
T R BEIE , LS S5 I 2 SRR T R gk
FIRRBE B FRIE . 3K A BRAE 430 DT 1 390 52 g
A2 R SIICRITE b 38 2 PR A A BE PRI T4 R I i)
JECPL SR T K e Ao R I o 5 e %) 7 BB
HAuA 1k, 16 P e R~ it R A 2 G 1 R I AF
FEE MM FFARIE G — i 4 AR
1.1 Bl 4EEie

F A 4 B f 5 ALG. Simonik 22 .
B 1R 3SR TR I = IR E T 0
PERI 4578 K gt MR TIBAS 2R RIS 7 o 7
SO H A S A, (15 F oA A L B
B UL L R O, 5 R S B I
F b DA P8 EL R0 T B ST R A TR <

E1 BINERERE
Fig.1 Schematic diagram of arc shrinkage principle
1.2 REKADBEHENTER
ZHRE i 38 [H 2 4 Heiple Al Roper >4 1 . 4N
K 2,0 STE MR HHITTRE XN R A SE SR

PR R 5K A AR IFE e, T 4 T 7 7 D X Jes
ST 1) Marangoni X Yt 7 A2 52 W) , 48 1717 52 i) 3] K5 4%
TEUR o TR ARG OL R, 6 b 2 18 1) 2% T 5K g i
B Z BN 48, Bl do/dT<0, Marangoni X 3t ML H O
) JEL S0 1, SE T S8 R KR A TR . 7R A-
TIG fR 3t # v, i TR O .S & R G P
TCRAFTE , 7K Il R BUE S IE(E, B do/d 7>
0, Marangoni X Jit A J& 321 1] H.C 5, AT BZE
MRMERSE . ZHe A2 LOE, Z RIS R
I, I 530 2R R I8 AR B A0 5 1 -t
AT T TIZ AR .



5511 1]

RPN, 5 SRR YRR ORI TS h 1 O P BR S B2 37

_@_

V)

2 REKNBESHERHXRY
Fig. 2 Relationship between surface tension gradient and melting depth
2 HEHERMEREERZERRRIR
TR ATEEIR A

o
(a) [
Vi
o
(b)
T

FESE B, WA 4 JE i 8 52 B4 Ak 3l i
A I R S R O R ANy TR VN ER R I R
J5 L 1) 3 B [T Bl A A i 5 o A, X R
et 9 — R G BRAL 2 S N B BB 2 ek
A Kl S 1 3 A SOME DL AR S . 1983
A R B T 24 58 A9 G.M. Oreper'* R Je 1| F BB AR
UL T3 %8 st v AR U B B A% A i AR iR AT
L ED

NN A-TIG 855 3R & A-TIG K30 53 1 4
A, A 20 T2 80 AR AR I iR | Zacharia',
Wang'® 45 NGl i BRI S 56 T B 304 ANHNAEA
&AL S it T KR A b RS 2 AR 7
THFFE . AT N 27 A — R R IR S vk
JEE B A RS T 3R 37, 24 TR S 5 N (R 1 4 e ot
TTIRAZIT IR 2 1) S & AR 4 | — Ml it
B, HRF S it il e S BUGE M N BB 1A 24
o 3T IR EERIFST RN T4 7 KA T R
HAEEE L, David #l Debroy 25743 51| 5% FH A vt
FRECTITHA T NG5 0 2% 11 5K 1R B RO 1 TIG
FEBEI b DY 4 8 U sh AU IR 52 SR, 31X
SR A5 B 5 S BRN LA — A 1 25 5, R R
FEN K Fe-Cr-Ni-S & A 4 ] L B 4 i Fe-S &
B4, 208 T Ni CrXit S TG 1 5 B3 BE RS2

i 2 David FIEABRH A G309 EERA S5, &
1 22 T K IR B RS B % A AR A, Marangoni 1Y i
it AR B 2 AR e 28 OGRS [ R A i B AR
X BBl = HERS S R AR T KRR A
RIS, B T i i S 0 R S T R
STEA A B 43 BT s S fiR T . 45 R &
B, S TLHE WA AE S R b iR i SR A . B
S E A ARAER M TR B L (R,
] —MRUEE . B S J0 R T & o B AN W
I, TG EICER S 5 e 4 b PN ) Marangoni X
T, PRI N TR S R B E RN T R A S
TR, X L0 Ik 1 5 ] DA St i) 5 4 T s it o
i, 237 A BRI TR

DL SRR A T TR G M OC R STEIG PR
e prERER AR . [ERE R, SIE IR
S A A E AR OTER , LB S o X R AR
PEREZAE IS . O TEAERR A A h RIS 205
HITHIER , IF LRI T — RIS .

HOCH EE X SUS304 AN EE IR E £ GTAW 7 T
2L T SRR E SRR T B AR AR
SRR IR AR VAN A 48 & & 25 T Marangoni [
WBRHE , DB AT I AR AR SE A AP, BT 3
Fios  FEAR R, R 1A 5K 77 0 I B 0 B 3 b
AR R I RG K 5 B A R T, SR K )
UL A ZR AN O DA IE (B ek /N ) a3, 9 HL
Bt AR R B 3 R, X R S R P . TR
OB, R A AR AR B I SR R AR BT R,
S LR & 5 A 30 ppm, 100 ppm, 200 ppm #E 17
FIETE , 25 R A B - 2 5 i BRI (30 ppm) , it
T (1Y) Marangoni XT3t B HC L ] PO &, 36T 3t
B B T BRAR B ASCHE PR 1 366 28 ] i X, T
i H Ve i 5 24 B i A B (200 ppm) 45t I
Marangoni X 3t W] F PO JE1 A [ s (] Hsf BH A 35E
) A B 5 st 3 0 12 8 Bt v Lo IS, T LT
HAER s, m7EfR i 5w A iz ], A
NEBREA XTI A A3, HLBE & A & = 13
T, XTSRS s, LB (KR 28 TR AR R < AT
o ARV SR A 0F T S50 5 RIELR 4 e 25 dn
Kl 4 JR

16 GTAW 2o # v, KR4 e it sh S B TR AR AR K



38 F a3k

2023 4F

A &5/ ppm

=]

N

T
&

—8=30
—e—50
—A—100
-y~ 150
-¢=200

S
o

oy/OT. 10°/[N(m-K)"]

o o o
e
----y/
5

<
'S
T

1800 2000 2200 2400 2600 2800 3 000
BE/K

3 Fe-ORZZHREKNBERERYERSEMRE
A1 2
Fig. 3 Variation curve of surface tension temperature gradient coeffi-

cient with oxygen content and temperature in Fe-O system

(a) 4 T

;\;",-ﬁ ]

5 wi o
Experiment Simulation

(a) % 71 40 ppm; (b) S 55 212.9 ppm
4 FWHHTENRBFIR

Fig. 4 Weld pool profiles with oxygen contents
T BT Marangoni X g5 20 K 538 B 1 6 PR
JCER O it 1V B R Jes 1t =R T A9 3 B8 01 23 %6 Ma-
rangoni X M5 BE P2 A 2R RN, KREE S AL
V189 728 Al AL 2552 Wi s Yl 20 T ) 9 8 0 A S il J3E A6 3
AL, S. P. Lu' " R H FLUENT {4, ¥y 2 1 # 50
SRR L IR T ) BB AL, RGPS TR
O FIE 42 2 506 Marangoni X it FIRR 2% T2 1R 1) 52
M), S A3 R ARG AR % 1 (<S40 ppm) MR E & 1 (=
150 ppm) , FRFE HL YL 3 32 | 6 42 T3 R e S i) o
SR S R, A 5~ 7 s o O TE R AR
AT RS HOTHR TR T U EA W& R .
SRR R PR A T [T s 75 Sl 3 TR ) 30 A
BV /)N, T0] A B9 Marangoni Xt 0 55 , (5 750548 A IR

P U R . ZEAD AR IR R T |, s b s
Xk P10 25 8 AR B 7 7= A B 4 ] 1 VAN e
) 553 4 3t A1 B X 38K (1 ] P Marangoni X3 . PRI,
JRAETRTE L T S8, 28— MEEE LS,
FL U0 P AR S (R IRTE LU B R R AR . 5
SRR, KRAE TR T b B 25 A5 R I 3 i e
o BRI, FRAE TR G HU (R AR-2 39 2 i e A 1] it -
AU

DAL ASU: DA 3t 2 1 5K ) 6 13 A A — AL B8
JE& T X4 b U 3l B i B AR B e . 22 B
TR 2K Fi A WU X P e G R AL AR AT T
4L, iz F PHOENICS #4548 T O JC K i it 4
B R I 20 2067 52 TR 2R s it T 3 R B 3 1)
oM TEARASIMIEHERI AR LT, K 4E O Ju R 1)
Jo o AR T (32 ppm) , 7 A 2 T 5K 7 TR R 8K
IV (3 I ¢ A SN W NS R R TS ]
T8 s P X I R T AR A, 2 T K ) 34 3
T, 51 ] P R T, PR R 2 1 R A 38 i i
D5 1) L A RSB o SIS PR R R T
B K AL O, (A5 1E 1 2 T 5K TR R4
REVE R o (Y 4 ¢ 1A IO | A R L N N TR A
] it PG SIS, KRR T T b R B . ek, B
FE P BRI T F oIS 48 04T T B, 30 3 o
PR 0 LA A SR B R R Sk S . R
BTN, AR T 150 °C  (HIEHIF A
T, SRE I b 3t 51y e BRA b 2 1T 1 R 40 e AR AR
FE M I o AR I T A R X 1)
AR X RS Sl AU L A T 1.5V, G
N A0 A TGN H (] e 3 v ok 0 TR R S
AERE U/, PRI, ARG A VRO HE B S 1. 1
AR T LB, L S A, e IR IO A o
I DA — 78 I RZ M, AEGF s TR 1) 1 1 A 9 AN B
i, R TR T4 BE AR AU A RN G BN TR )

Bo Qin 5% AN 7E S A EE G 4 18 PR AR B E B
USRS it e SN 2 Btk FE e Tt o0 1 L SR TR
SN b v ) JE R ), TR T i A
TSl SRR A O G S U IR ZE PN
T PIAS A T DU LIS ) /NI E . A W B
RIETRI  FRAEAS | KRG 2 B AU 11 1)



55114 ZEGIL, A5 o RUERUAE TG PRI b i O BUIR K B 39

Temperature 600 800 1000 1300 1523 1723 1800 1900 1950 2000 Temperature 600 800 1000 1300 1523 1723 1800 1900 2000 2100

3% B

0.004 — = - e
0.006 0004 0002 0  -0.002 -0.004 -0.006 0.006 0004 0002 0  -0.002 -0.004 -0.006
y/m y/m
(a)140 A,30 ppm (b)205 A,40 ppm
Temperature 600 800 1000 1300 1523 1723 1800 1850 1900 OTemperature 600 800 1000 1300 1523 1723 1800 1900 2000 2100 2200
‘ : 0.002
E
" 0.004
o00d 0,002 20002 -0.004 0.006 0.004  0.002 (/) ~0.002 -0.004 -0.006
y/m
(©)140 A, 180 ppm (d)205 A, 150 ppm

E5 RESENSESETAREERR THIRESZNEESD

Fig.5 Temperature and velocity fields at different welding currents for low and high oxygen contents
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Fig. 6 Temperature and velocity fields under different electrode gaps for low and high oxygen contents
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Fig.7 Temperature and velocity fields at different welding speeds for low and high oxygen contents
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Fig. 8 Longitudinal and transverse residual stress distribution in single-pass A-TIG weld joint predicted by various models
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Fig. 9 Cathode speckle evolution behavior in the same period with different active fluxes
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