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Research status of K-TIG welding

SHI Yonghua, WANG Tianxu, ZHAN Jiatong
(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou, 510640, China)

Abstract: With the continuous advancement of technology, K-TIG welding has become one of the most widely used high-efficiency
welding technologies in modern industry due to its significant advantages in medium and thick plate welding. K-TIG welding has
broad application prospects in fields with stringent welding quality requirements, such as aerospace, nuclear industry, petrochemical,
and shipbuilding. This paper systematically reviews the development of K-TIG welding and its current applications in various
materials, including stainless steel, nickel alloys, and titanium alloys. Additionally, the development of intelligent welding
technologies presents new opportunities for K-TIG welding. Advanced technologies such as real-time monitoring, automatic
control, and seam tracking have further enhanced the precision and reliability of the welding process. The paper also explores the
current state of penetration pool recognition technology and seam tracking technology, which play important roles in improving
welding quality and efficiency. Through a comprehensive analysis of K-TIG welding technology, this paper aims to provide a
reference for future research and offer guidance for practical applications.

Highlights: (1) The optimization and development of K-TIG welding, the application of magnetic control technology in K-TIG
welding and the improvement of welding performance of dissimilar materials were systematically summarized.

(2) The application of weld pool identification, weld seam tracking and numerical simulation in K-TIG welding field

were discussed in detail.

Key words: K-TIG welding; welding process; weld pool detection; intelligent welding

Y5 HH#E: 2024 - 07 - 03
EETH: FEESUIL TR (2023YFC2809800); 2023 4 EEURII X e A bd IX A7 - & %5 H (11003a20241221fcbb079)



36 B

¥k

% 45 %

1997 4, PR A RL2= 5 Tk 5t 1 41
CSIRO FEfE 4t TIG R 3EAE L, & T —Fhr il
R GIR SRR, X AR PR e i rp A7
2 W BALARAE, B 448 K-TIG #2. K-TIG %38
TR U ), R T i S 4 Jm 1Y
Fiak Iy, 1ERE M I S — B, AL B
AT, BFL BT BB A 26 1 0 P =22 TR B
PRI IE, vT DL 0K Al i G 3 B9 T, AH HAL
B¢ TIG 12, %7 e T R L e ™ K-TIG 18
VE Ry —Fh s R ik, AT DAZEASTF 3 O B 1
T, SRR AT AR, R T IE 1.000 A,
7 A ) R AT R B | R RN 2R 0E S SR I R
AL AT RS 16 mm JEAY 4 R AN, 5230 T B
TET 5 XL TR T A R R 4 Y, 4658 TIG M54
SR LI IR T 250 A, B R MEE AE
B9, T LA EARS ), X T A EE R T A f
Bz, W BT 2238 R, B BRI AR 22 45 A I 5 3
B,

K-TIG #5045 g 4 BRARE M 1 G T R &R
BARABRL, BRSNS 42 KA %It
A DA R s R R LA AR A A ER K-TIG A5
TR RN RS KESSEME, T
VR THUES LR W Tl A7 AL T s n il
i T e R R R A AT, B A T e
JofR LSRN B 5, L S6 K-TIG K T2k
B Re R i pE s AR B T Mok B e, S
PEANERIT I A K-TIG A57E bR 99 5 i A 5% 30

1 K-TIG BEITZHRIK

1.1 KTIGIEEIEEETLZ

IR B E KA IUE )y, K-TIG B FHEhl &L
[T K-TIG R FB A%, T 2R FH R HL i B it
U8, JFTESRAE I & H 26 8, i b f R HIK R A
JEHE PRGN, B ™ A R, BRI, 3%
BETHH AT S B AR DX W4, 388 7 By 1 AR
e DX S5 -5, DT R O 2 B A B 5, HL
) L RO AR PR AR B 5, 1T LA S50 o K-

TIG HUYRAY G2 5 5 975 Lin %8 ™ s i
H AR, aniE 1 R, IS T K-TIG K%
T2, £€ 8 mm JE I B AR ARAT T T Y AR
4, MR T K-TIG S h i v B4 T, itk — 24
PR B SE T RS SER 5 Su 25 A X L A i
FH A AL i 25 20 26 F AN AR B8 R IR GMAW 2k 2R A
GMAW Fl K-TIG 3 Fpit4 T AT iRz sk Ui
PERE, I BT BGRB8 28 43 A5 #4743
BT, K-TIG #5I0 K5 4% 4 Jm AE B0 3 | 5 3 R 48 Je 1
T HA B0 Zhang 22 " RAREOE K-TIG &
BIERI ST Q235 AN HEIE, BFFE T K
T PRUEEE B ORTIR | OB R | SRR AR
T.ESHOS A IR B A e B R e M 52
Wi 25 SR, WOLE K-TIG # R & A e, B
LA S S RN (O b NITITR WA N A B A e A
H AW N S BO FHRE LA K-TIG 45, L&
AR AR R 3 B 75K

X

K-TIG
S

S IR
]
7

B 1 KTIGE
K-TIG welding torch

R

B

Fig. 1

1.2 AW RHERE

A2 I FF R, AN A Pk L o e R okt
AU, 0 R AR A R R T 4
SR, A5 A0 Kt T Ifs — B HR AR, 1] S 8L
fisia) | AREARTE LA MR 4% 4 R i i ME R 4, PRIk,
ANGEPIE AR T ZRW & 2, DL AR
A K.

Cui 2 A" L 4 mm JE1 304 R 06X
%, W9 T K-TIG #i8 L3 2547 5 Luo 2 A1
FHBORER DN 304 ANEEH K-TIG I i s AT
HEAT T A ; Feng 25 AU XF 316L A SRR AR b1
AT T K-TIG #8006 F oA, ARaE 4 F 2R
FCARFN S-Bk R AR, KE4E A BT RS B Ao Mk R 5 £
oA FEASHH ), T K 4 ) T ol v B S48 - RE A1
Huang 25 A" R K-TIG %244 AISI 304 N5



% 11 4

% kAL, % K-TIG B85 5 ALk 37

8 mm JEAY Q345 LA &M THLIEER:, THE TR
[ RGPS R S T2 1, 98 T S b
Pk AL ZURUEEPEBE, 45 SR 0, 78 5 i 454
B (KT 300 mm/min) F1 50 A HL AR 3 T2
7 N, SR AN K-TIG K 7T 3k 15 = o 2 i A5 4
Li 2 NUVBESE T BN AE X 3041 AN B AR K-TIG
JEF2 Sk S S ML A 2], 5 HE T S AR
TS 0 I A7 5 T A 15 | A ) U 245 4 7 Ak
ZIM KR, B R0, JEaE 48 b L% A Seni
FETE o/ Ih [, Ti3EAE A of B PR 7 i Bt 2 10
75 FA 1 55 B 05 Fei 28 A 4R T K-TIG
JLTE SAF2205 Fl AISI316L S A4 LK 52 v iy m]
7, I AE 5.6 mm JE Mk I, LA 35 cm/min
()R R AT BRLGE B R AR, it — B R R
AISI309 B [CAREE N i [a] 2 18 8 K-TIG 4%, IE
LR A5 A 50kt 5 F AN AR G I B i 1 R, I PR 1)
TRE L BEXT K-TIG A5 A 055 725 i 3 498 5 % 35 1A
CSEF 40 F AR 5 4K ASS S5 22 3k 110 1k W 285
FA 2R RE R R

SR AS 45 S 2 5 4 T 2 b ] 0 i 2,
rEAROSUR AS 854K DSS 454 H R FH = RSl iy
SREERR, A48 TR R RE 2% B AR EER, SR, 4%
Peid B AR AL BRI S R SR
AR, O T e e [, Han 258 A7 %
K-TIG A X JEFE 8 mm ) 2205 XUKH A5 0 ik
3T 054, The T RS EO B LA e B T R A
X5 B B RE R, FERIFSE T N A1 AT KR AE 4 TR 1Y
SLAMEH 2R R R . Zmitrowicz 25 AT SR
I K-TIG 87 10 mm JE () 1.446 2 XUH A5 8
IR T RIS Rk, TR A
FEMPRL, KRS I IOV ZE A8 5 BRI 05 2 T AR A 1Y)
TR I AN, RS IR B B ek Z R &
(67% ~ 75%), (HHI12E M REATI BB 2 A4 I EEK.

UL 5T R, il 0k K-TIG J 4 T 224k
FEEAR, ANURT LA R AN AR e Sk 1) o o T
A, 3 BEFR R LN FH L.
1.3 Ht&ERE

Wang 25 AP B T — Pl 280 7 A5 R XUk
AR R M TIG 4 DP-VPTIG T. 25, W F 7 mm
AA2219 Fi A & M BIHFLIREE, M P E iR RS
BN 4 Y R R2 R, ST RS I/ NFLIER T
25 Yin A\ TSR DI T DP-VPTIG

W8l FL3h 2538 Ak, DP-VPTIG 3 F o451 ok i 1) S
S AR AT R T s I A R R O AL
#7095 Xu 25 AP X6 99%Ni A4 3k (48 42 I8 (weld
metal, WM) 7E48 4% J5 AR B) M T B Il kAT 1
WF5E, R K-TIG SR I A iR s 22, DIR
5 R 4 R A JEL b A0 P 5 Xuan 28 NPT R B
i K-TIG #54% 10 mm J2 Invar36 & & Abf, f5agh
{UIE 1 y-(Fe, Ni) BLIGAR, RAEAAS, dkigH 2k
A AR, JREE B KPR FE R 440.7 MPa, i
BERFY 99.9% , W5 M BRI KR 31, 5%, HR4EIX
MR BE WA TRERA s Liu 258 A5 5k T i A%t
Invar 36 &4 K-TIG fU8 4% 21 VR BE A2, K
F K-TIG X} 328 % 2 10 mm J& Invar 36 & 4 ;
Ariaseta 25 AP R GE T —Fhopr AR IL B RS 4
G27, 3BT T K-TIG #57 S i [ 45 PAAL BT R 2
4 X (fusion zone, FZ) ‘i 4l 2L 52, I %) HAE
S T 9 AL 3 A v ) o A AT R AT T R
fiE, Bl S RFSE T 8 =il A 4 VDM Alloy 780 M
A X 4 U H A A B AR v 3R 4 ok K
K#ysh F12 7 Cui 2 AP SR AT K-TIG #82)
42T 12 mm J2 Ti-6A1-4V (TC4) £k-& 44, 7 xt
AR A AT R B AT IS, A AR
2.30 ~ 2. 62 kJ/mm I, K-TIG #§4% i ¥ K &, JohH
PG, I A B BTG N, o A BEEREM, o A
Fg% A B A 5 Cai 25 AP 760532 8% 2 650 ~
700 mm/min, #4355 ~ 370 A (ISIETR, 52
BT 3 mm JE 10MnNiCr i i) K-T; Ou 2 A
KT8 T2 07 ¥ T TC4-TAL7 (Ti6A4V-
TidA12V) & & IR ECHAE | K-TIG 4% R A S 24
PERE, # 12 mm JERYA[RIZSE TC4-TAL7 BRG i Tc
TR AR — R, 430 1T 5 A Sk iy A 213 AR #L
A ILAh, FHABAE R WA A WHR R 583 K-TIG
SRR, DA — 2D BT R I FE R
1.4 HIEEERER

TESRBERAR Y, SSRGS 0 1y AT LA i 2 5% el
Pt R A SR E R A S ARG B i
fi% 35 (transverse magnetic field, TMF). 2\ 1] % 3%
(longitudinal magnetic field, LMF)"™, Jig # #% 3%
(rotating magnetic field, RMF). 22 ffi #% ¥ (cusp
magnetic field, CMF) F1 %ll 1] % 3% (axial magnetic
field, AMF).

WEPS IR 5 T2, i Sk it



38 B

% 45 %

A PR 4 B AH AR AR S ) O A R I A
2477, NTTTA R b T T i a3, R IR 35 R O
AT K-TIG R,

Cui 2 N7 T BFSE il 1 G 5 %) K-TIG R 1
S, SR T 1T Al o) 2 AR R A T
B, anlEl 2 Fros. BT AMF 42 5 UE %
REJTROPLEL. 758 AMF pOMLARESE T, B
TEARE BRI EPIE, 4t AMF i, falryiE
B RAG A, B IA TEB IS AR 2 28, 1K
WrEARm By R Xu G AN AR TR FE RS 1R
T A OB AR A8 22 77, A8 3 Fs, [,
LR T 3 A8 Bl W) #4357 (alternating axial magnetic
field, AAMF) % B K-TIG %™, 45 5 % W], % MF
AT LA AR S AT B PG AR ok, g 57 BH I 1Y) R
F A B T R B R AR S (HAGB)
() LU B 0% R, ol D TG AR SR 7E 50 4k, 38
i FHIRAR R LS I 240 a4 e A3 il HAGB k42
AR e .

B2 RieEEMEUGEE
Fig. 2 A welding torch equipped with an axial magnetic
field device

T CMF J7 1, #4& iTd x de 47 1 i 5%,
Liu 25 NP it T —Fhis K ¥ K BERENL ) CMF %
B WA R, HFSE T RGO FL TR IR B 5
AT ARG, M T #3570 L I i R AR 4%
JEAR B EZI . e ERY |, Liv 2 AP BF9E T 06
Jic B K-TIG 4542 LT 1 70 (A 2 ), 3l ad e
R 1 8 R 30 7 1) ke A iR B 3 P G 37, A
LA ] 5 M ST R A A AL DX SRR . 45
REW], 75 K-TIG Sl ] CMF J5, Jf4EH iz
BT L0, IE Ak DX T BN, T LR O A 2R

KHE 7

‘
(a) JEH TMF
N A .

LZ —»B X ))(( :B

O, - .
0] T4 | | Lﬂzamm

S
B,

® T (AR
—= I (L)
> k%N

Ty
(b) WMF

—
X —»
T_Z

O

z
-—
Yy &=
X
@]

Fikfezs))

11 ®.

. pe. ® i (i)
. — BRI (1)
4 Pt
(¢) TMF

> KN

® s ()
—= BT (TA0F)
> WK%

pasiih
(d) LMF

B3 AE#BEATEBREIIRESEZNREE

Fig. 3 Schematic diagram of arc shape and Lorentz
force of molten pool under different magnetic
fields. (a) welding workpiece; (b) WMF; (c) TMF;
(d) LMF
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Fig. 5 Welding quality model. (a) one-stage model; (b)
two-stage model

Bai % N\ 7 T — BRI R Gk R4 304
ANFNE B BB E(E S, 78 36 ~37 kHz &
BT —ANE A B, B AR R AR IR
A, IR TR E SRR BRE. FREE
FEIVE A 28385 0 5 s 0 IR D — A i 2 (0 BTk,
b7 Wik F2E s Yang 25 AR I T —Fh IR T

(b) sy



40 " &

F #

% 45 %

DeepLabV3 + 1SRG 732, B HERR AR iR
L. PPk MobileNetV2 VA HRAE HE UM 2% L2
FREIASCR, 51 AR HeE: B DL B ) 4y
FENERYE, S5 RI0TE T BT HE R B PG ) 4
RN O 1 1 43 I EAR M, mIoU 2 89.89%, HE
PRI N AR 103 ot

30 3 X A b bR S A T A R A T A BE A
JRE, IR RG] AT IR AEAR A B, SRR
5. Zhan 25 A" FEREDT i T IS SERTSE, AR
2Tk CENARROE S I TR us Mg alll I\
L T A S PRt v B A, L S Br e B S
TR () R BE AR AE AL, 5 R ALEs N2 aiim 22, SEat
SRS A Sh s, JFER I —Fh LT BP Mt 4%
)95 75 TR AR A 7 1%

2.2 JREERBEHA

AL IR B R B e R W 1 5 — B 9 T 1k
PSRBT )2 . K-TIG g i rh, T4
AN B Y AL B, R AR 0 (R BR AR R (0.2 ~
1 mm), HFRE, EETOGIER R, XEHE S
BT K-TIG M548 BUEE R XE, R T fft ok K-TIG 154
TR KA B A, T B AR R U AL T h
R LR,

Chen 2 A\ 48 1 T —Fh 5 T Mask-RCNN )
QAL AR, DAERA B2 78 (] B it L g g,
& 6 s, K 3T Hough £k 484 Y B4 40 B A
e, ERR TR G T i RO ST PR U 22, 1€
SIS E TIZOr IR I AR w22 7E + 0. 133 mm 1
Rl NI 50, T SE B K-TIG FRag R ER AU ER .

oo

T st

e
(0.2 ~1)mm

6 FEHEERS
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Fig. 7 Comparison of the detection results between the
traditional image processing method and the
YOLOv5-based method. (a) traditional image
processing method; (b) YOLOv5-based method
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Fig. 8 Welding flow field and temperature field distri-
bution. (a) section of welding workpiece; (b) distri-
bute along the weld
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