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Impact of variable parameters in K-TIG horizontal position welding on
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Abstract: Keyhole tungsten inert gas welding (K-TIG) offers the advantage of single-sided welding with double-sided formation
without the need for groove preparation, making it an ideal choice for automated welding processes. However, due to the influence
of gravity, the dynamic balance of forces required to sustain the keyhole is disrupted during the horizontal position welding of
circumferential welds in large vertical stainless steel storage tanks using K-TIG, which adversely affects weld quality. In order to
expand its application scenarios and achieve real-time adjustment of penetration state during the horizontal position welding of
circumferential welds with K-TIG, the impact of varying welding current and welding speed with different amplitudes on both the
penetration state and its recognition in K -TIG horizontal position welding was investigated based on an optical character
recognition-support vector machine (OCR-SVM) penetration recognition model. Key geometric features influencing penetration

recognition were identified by the recognition capability of the OCR-SVM model under variable parameter conditions, thereby
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providing a foundation for the automated control of K-TIG horizontal position welding. Experimental results indicate that variations
in welding current and welding speed directly affect the penetration state in K-TIG horizontal position welding, with changes in
welding current exerting a more pronounced influence. The penetration recognition model based on OCR -SVM achieves
recognition accuracies of 92.29% and 91. 50% under conditions of varying current and varying speed, respectively. Key geometric

features for recognition are identified as the width and area of the weld pool and the keyhole.

Highlights: (1) How variation amplitudes in welding current and speed affect the penetration state was examined during K-TIG

horizontal position welding, and the underlying mechanisms were analyzed.

(2) An OCR-SVM-based penetration recognition model was employed to identify penetration states under variable

parameter conditions, revealing the key geometric features for recognition.

Key words: keyhole tungsten inert gas welding; horizontal position welding; variable-parameter welding; penetration state;

penetration recognition
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Fig. 1

Schematic diagram of the dynamic behavior of the weld pool and keyhole under different penetration states. (a)

under penetration; (b) good penetration; (c) over penetration
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Fig. 2 Schematic diagram of the weld pool and keyhole
characteristics
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Fig. 3 Magnetically controlled K-TIG horizontal position welding experimental platform
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Table 1 Experimental parameters for penetration testing in magnetically controlled K-TIG horizontal position welding

L, L, Ly

100

300

y JEEHIE vi(mm's ™) KL 1A WS SR LR
M LB LB LB LB LB LB Iy/A vo/(mm-s ')

A 3.6 3.6 3.6 460 450 440 -10 —

A 3.6 3.6 3.6 460 470 480 10 —

A, 3.6 3.6 3.6 460 440 420 -20 —

A, 3.6 3.6 3.6 460 480 500 20 —

B, 3.6 3.4 3.2 460 460 460 — 0.2

B, 3.6 3.8 4.0 460 460 460 — 0.2

B, 3.6 3.3 3.0 460 460 460 — 0.3

By 3.6 3.9 4.2 460 460 460 — 0.3
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Weld bead formation under different amplitudes
of current variation. (a) amplitude of current
variation is 10 A; (b) amplitude of current vari-
ation is 20 A; (c) amplitude of current variation is
-10 A; (d) amplitude of current variation is =20 A
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Selected welding images from the variable
current test group. (a) amplitude of current vari-
ation is 10 A; (b) amplitude of current variation is
20 A; (c) amplitude of current variation is =10 A;
(d) amplitude of current variation is =20 A
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Fig. 8 Penetration recognition results under variable
travel speed welding conditions. (a) amplitude of
welding speed variation is -0.2 mm/s; (b)
amplitude of welding travel speed variation is 0.2
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variation is —0.3 mm/s; (d) amplitude of welding
travel speed variation is 0.3 mm/s

1% 43 5124 90. 67%, 93.33%, 91.50% F1 90. 50%,
4 NI I 33 RS U ) T4 HERR 20 91. 50%.
A B KR B S PR A A P 9 TR B e, M R
T WL 5% 06 4 AR 0 By v, Y A 4 R I 3
3.3 mm/s B, SREEN YA B 8N, YRS RRILE
3 mm/s s, 5 5 3008 R TR, AL 175 Al
HAEIRES By 1Y I SR R A R R AR I ST 2 BT A4S
HE BRI R A0 e =2 R AR A, 2 PR Ry A T 1
G, 30T AR I, (A5 SR S 22 (s T i A
BEHE, SBEAG BT 3G 0, FBEMERR VST K,
PG XY, Kb 4 B G 22, IS LR w,, KT
B A, BRI, (74 505 4% 0 v bt 2 38 i, 3
55 Ay WA, PRI, A5 0 R i A K 2l I
FEARLE 1 SEAE TR AR TRAL B4, 30 T
Ay A ARAS AN A, R IR 0 S 1 4R TP B AT REE, [
R4 S 1 1 2 M fE L I A, 7EIR 50 B, ARG
By HY, 00 o e/ B 3.3 mm/s AT 3.2 mm/s
b, B TS G, AR R /N B 3 mms
e

—

mm_wu,. e
' - |

mm/s

(d) SHEZAEALIEE 0.3

B9 AEFEEZUIEE THIRLERF

Weld bead formation under different amplitudes
of travel speed variation. (a) amplitude of welding
speed variation is -0.2 mm/s; (b) amplitude of
welding travel speed variation is 0.2 mm/s; (c)
amplitude of welding travel speed variation is
-0.3 mm/s; (d) amplitude of welding travel speed
variation is 0.3 mm/s

Fig. 9



8 B

¥k %47 %

I, W LG I

T RGEWCA G g il o FT B, T
4 A 2H AR I 3 AN TR R B AR IR R,
10 firzs. DAL 10 ol LA Y, i Bz b
3.6 mm/s I, 5t AT B, N A 4 2 e ke i
o FE AR A B 5 48U R [ 5 3.3 mmys, St
OIATTFUG IS, S5 il T T AT o A e — M 5
TR D o3 e, B DS, HH BT T AR, IR TEBE
LRI T il ; A R R 3 mm/s i,
R (R Bl < s LR T 320, At i 0 8 e, E—
AN, W BRGINR. AR R AR, et B
SEECH B SRR AR, 1 e, SOl i
ELTRAN G, AERR R 7 A 2 1 TR AT R 4
T3, AW T A AN RESE AR IN E AR
Wi, SRl 55 E T RO, AL T T AR,
AT5A T S i 1) . Bt AR T TR 38 , 5
SR FHFF U VR0 0 0, Mt B P
FEUK, 7 RE R ARSI T AR I, R T
I IX, B 22 00 G AL, SN T e
SECE ) B RSG5, g Tl I B Hh B T

(d) HZAZALIEE N0.3 mm/s

B 10 TEERWHEEREGIZE

Selected welding images from the variable
travel speed test group. (a) amplitude of welding
speed variation is —0.2 mm/s; (b) amplitude of
welding travel speed variation is 0.2 mm/s; (c)
amplitude of welding travel speed variation is
-0.3 mm/s; (d) amplitude of welding travel
speed variation is 0.3 mm/s

Fig. 10

R SN, AR (R, it o A 41, 1
P W aata £p 37 g A LA € R L N B - L B )
B I S B AR AL 5 B B RDRIE A 17
B, mifs T ARG BE ], ST R
JE M BB, R T R AR A, FRAR T RS B Ah
W3 ot

MATEL O F fh 5 30 05 4% WL 5% 0 a5 IR A L A 56
B, FHALS By MR SRR 4E th T LUE S, 4842
MRS 3.3 mm/s B, 85 AR 2 T bR H B,
VB ARAS BRI B AR S o7, AR A T B
B N AR, YR B N R E] 3 mm/s B,
T AR AR A% v B O ARk, RURAIE R T AR
FERE T, A48 T B EAGA R AL T HReT,
FREKIIVER, 16648 S TR,
AT B FR S T8 A B 4 T YRR , A5 5 T
Yo IR TR, B ARG R, SECEZ A
Al 4 @ 10 N B S, YR B A R R AR R
T RIS, KBRS (A1, R VR B T AR T
SN LTI = O N T QA e W TN E e 15
AN R TN R DA AR TR P A A AR A T
B T B, A VR 2 B A DR U — R AR
. DRI, R o P A MR ), S RS T A AR
TEA AT RE 2 TH K.

eI B, MR E: B, H, M0 -t 3
3.8 mm/s, KR4% M A B 5 AR TR I6 8, IR AN T
/N, I LB AR R R Ak b T, T Ak U
IN YRR TR 4.2 mm/s I, 48 58 A /)N
(B, {EABAL T8k B IR A I, B ARG B Y
AN SRS RS 7= A — 2 1R 5 ), (L N SR AR
ok T A S A 3 TR S DA A A TR Y 4
Y38, I RERE B 0.6 mm/s b B R R, i
(1) THE EE R R A R HEAE TR 15%. %5 LT
A, AF R AR A U T AT R R ), KR
FE 18 251 R W AR, REARMEEE Y 1M he s 45
PR R e, a2 A I A A, BRI A2 1Y
AL f . AR TR AR R R B N % A B
AR T K25 RS I R TR AR A T8 1 284, 3L
SR W AN — 2, 80 TR A v RS, 2 T
5582 3K O BLAR AR . T Jo 7 R A X o o 17 A8 Ak
FEANEURR, SIS T B R P 174 8 3K
3.3 TS TRAREHEXTIAEIR AR

T #R5E OCR-SVM %45 3% U 453 284 ] 14 531
ST OU T WA IRAS, SR AR AR il T



%14

BB, 45 2T OCR-SVM # Aty K-TIG 1 /& & 5 B b iad 4k A KGR B 9 &g 9

9 MNARRFRIEXT FAE S EC T 00T K-TIG B 1%
BEPUNMEZE K (ko L) T (wer ww). T
HRHIE (Aks Aw) RO (e ew). ST ATREFL Y
AL (K) . S WAEFE (A wys Ays ey K) AL

FLERE (M Wi Ars e K) 43 3 8 8% B DA I 3k
OCR-SVM 47 R I B ARL 7 i A FFEss /D 0 0
U B ER P, P AR B T B0 AU A 2R A
AR T 0T IR HERR %, a3k 2 IR,

R2 THHEETRRFERNBEIRANERE
Table 2 Penetration recognition accuracy for different characteristics under variable-parameter welding conditions

SHAG AR AR BRI by AREEEUIMER R £,
C I We o Ay ek Ly Wy Ay ew K 0.922 0.919
C, — oW A & —  ww Ay ew K 0.921 0.916
Cs I — A ek Ly — Ay ew K 0.904 0.897
Cq I Wi — o« Ly Wi — ew K 0.906 0.887
D, I we o Ay — wWe o Ay — K 0.926 0.915
D, I We o Ay ek Ly Ww Ay ew  — 0.921 0.919
D; I We o Ay & — — — - = 0.734 0.691
D, e wWwo Ay ew  — 0.741 0.743

WX WS EAHE C. S C. A
4 D, MIZHUL G D, ML R LA M, 720 51k
KB (e L) ROZE (ers ey) K AL AL B THTFR
I (K) J&, OCR-SVM #5375 PO B AU 7E A% H 3 450
AR 3 FE T UM 2 RS Y HE R R IR IR R
KA, FTLATAHABE | 0o 38 | st A 2L A T AR
LU IF AN SR B R A 745 325 R A TR S 1Y) S T LA Ay
fE. WX LS BA GSEULE €. SRS ¢ iz
G Cy AR UE W, FERBERIEE (W ww).
R (Axs Aw) J5, BRSUIA F IR A I HERG SR A /)N
WEEE R R, BABALERX 9 AN JLAIREAE H, 5E B i AR
R X B B AR L i SR S R SR G
Br—20, EARF IS ERS T, 2 EZRE 2
JEt SR AL K. T A, il X LSS S8
HE D, ~ SHULE D, IR EE R, 7T LUE 5y
FIRE BRAE MURRAE (hws wwsr Aws ew, K)FTRUFLEE
I (b wir Ak err K) Ja, BRI 355 R 25 1Y
TER R ARAT B MR FE B9l T AH LA FLARRTE, B2
BRI HREIE 5 0 VR 2T AR e AR X B K. X 156
RUFLARAE 55 95 AR AR A, AR A T2 PR )
B T ZEREAE, 1 AR X T REAL, A R R AR AR 7 U0
Ok H A BB EL VR, 3T R S A MR N SRR
R IR A A

4 it

(1) 42 FL LIRS 1283 1L 1) A2 A AT X AR S 1T

BT B AR U B i R 2 R BUR IR R
JE , LM REAL Y Bl ARV, 2 T 5 0 A 4% 1) O S5
iy R R (AR A 23 S M I I XKD, B
T KR ARG VI 5272, BT JG J4E T N — 3K
BN T N 0 v i AU, ) 55 0 Sk I ML
SR,

(2) PR AR BRSO B 1Y
M, BEAE AN 10 A FIREE, thnl RE R BUA B IRE K
Az Ak, 75 R 25 R A2 3 2 1 72 Ak I AN UK,
LS AR IR A () B2 e R B2 )

(3) T OCR-SVM 45 375 TR i B A 7 722 Fia,
T B MER 2R 92.29%, TEAR R T4 T
R T HE R 2R 91, 50%. i Tt AR £L %) 5 B A i
R A AR SR 35 RS 10 DG T LRI RRAE.

SE 3k

[1] fik#e, ERIF, B0, K-TIG REDFFR IO [1]. SR 24,
2024, 45(11): 35 — 44.
SHI Y H, WANG T X, ZHAN J T. Research status of K-TIG
welding[J]. Transactions of the China Welding Institution, 2024,
45(11): 35— 44.

[2] XUAH:, B, ZE ML, 45 AR 316L B K-TIG SHiXE
BB (). T (AT, 2025(3): 63 — 69.
LIUY W, HUANG Q, LI B W, et al. The K-TIG welding test and
application of 316L stainless steel pipe in ship[J]. MW Metal
Forming, 2025(3): 63 — 69.


https://doi.org/10.12073/j.hjxb.20240703002
https://doi.org/10.12073/j.hjxb.20240703002
https://doi.org/10.3969/j.issn.1674-165X.2025.03.008
https://doi.org/10.3969/j.issn.1674-165X.2025.03.008
https://doi.org/10.3969/j.issn.1674-165X.2025.03.008
https://doi.org/10.3969/j.issn.1674-165X.2025.03.008
https://doi.org/10.3969/j.issn.1674-165X.2025.03.008
https://doi.org/10.3969/j.issn.1674-165X.2025.03.008
https://doi.org/10.3969/j.issn.1674-165X.2025.03.008

10

B &

i %47 %

(3]

[10]

(1]

[12]

LIANG Z Y, WU L L, HU W H, ef al. Enhanced corrosion resist-
ance of K-TIG welded DH32 steel joints with a Ni interlayer: a
comprehensive electrochemical and microstructural
investigation[J]. Journal of Materials Research and Technology,
2025, 36: 570 — 579.

SHI Y H, WANG Z S, CHEN X Y, et al. Real-time K-TIG weld-
ing penetration prediction on embedded system using a segmenta-
tion-LSTM model[J]. Advances in Manufacturing, 2023, 11:
444 - 461.

BAI H Z,NIN, WU Y N, et al. Real-time penetration recognition
based on voltage signal in k-tig welding[J/OL]. Applied Sciences-
Basel, 2023, 13: 7412. https://www.mdpi.com/2076-3417/13/13/
7412.

LIY,LIY B, LIU Q, et al. Development and numerical simula-
tion on heat source of k-tig deep penetration welding for titanium
alloy[J]. Rare Metal Materials and Engineering, 2024, 53(3):
692 — 700.

CUI S W, DAI P H, MA R, et al. Mechanism study of flow char-
acteristics of molten pool and keyhole dynamic behavior of K-
TIG welding[J]. The International Journal of Advanced Manufac-
turing Technology, 2024, 130: 1195 — 1206.

ZHAN J T, YE X Y, LIU Z Z, et al. Numerical investigation of
dynamic arc behavior in K-TIG welding enhanced by an external
sinusoidal alternating longitudinal magnetic field[J/OL]. Interna-
tional Journal of Thermal Sciences, 2025, 212: 109774. https:/
www.sciencedirect.com/science/article/abs/pii/S12900729250006
75.

YANG D Y, DAI P H, CUI S W, et al. Real-time recognition of
molten pools based on improved DeepLabV3 + in keyhole tung-
sten inert gas welding applications[J/OL]. Electronics, 2024,
13(2): 283. https://www.mdpi.com/2079-9292/13/2/283.

XIONG J, ZOU S. Active vision sensing and feedback control of
back penetration for thin sheet aluminum alloy in pulsed MIG sus-
pension welding[J]. Journal of Process Control, 2019, 77: 89 — 96.
RN I FLAY TIG LR A5 LI A WL o A I B 428 il B AR5
[D]. TFr: AR, 2021.

YAN Xue. Study on visual inspection and control technology of
fusion hole TIG single side welding with back formation[D]. Jin-
an: Shandong University, 2021.

ZERNAN, BRI, EEUE, 45, 304 ANEER YUK o TIG K i 46 7%
PUIS PR [J]. HURRIL, 2023, 53(9): 47 — 54, 60.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

LILY,CHEN HY, DONG Y, et al. Penetration recognition and
close-loop control method of fastfrequency pulsed TIG welding
process for 304 stainless steel[J].
2023, 53(9): 47 — 54, 60.

WSt TEAR AT VK i TIG A He s FL AL 5 A ) B J 375 PA) 3 42 )
[D]. ¥Eg: ILAR K2, 2023.

PAN Q. Visual sensing of fusion hole and penetration closed-loop

Electric Welding Machine,

control in thin plate high frequency pulsed TIG welding[D]. Jinan:
Shandong University, 2023.

CHEN Z, CHEN J, FENG Z. Welding penetration prediction with
passive vision system[J]. Journal of Manufacturing Processes,
2018, 36: 224 — 230.

LI B H, SHI Y H, WANG Z S. Penetration identification of mag-
netic controlled keyhole tungsten inert gas horizontal welding
based on OCR-SVM[J]. Welding in the World, 2024, 126: 48 —
59.

LIU S, LIU Z M, ZHAO X C, et al. Influence of cusp magnetic
field configuration on K TIG welding arc penetration behavior[J].
Journal of Manufacturing Processes, 2020, 53: 229 — 237.

], BEde, IR, 45 GMAW H sl RE B m N R b 2
JTEIH B (7], P TAR4R, 2018, 54(18): 55 - 61.

MA K, XUE L, HUANG J F, et al. Analysis of influence factors
and multivariable regression prediction of penetration for auto-
matic GMAWT/[J]. Journal of Mechanical Engineering, 2018,
54(18): 55 - 61.

NOWACKI J, RYBICKI P. The influence of welding heat input
on submerged arc welded duplex steel joints imperfections[J].
Journal of Materials Processing Technology, 2005, 164: 1082 —
1088.

SHI'Y, CUI S, ZHU T, et al. Microstructure and intergranular cor-
rosion behavior of HAZ in DP-TIG welded DSS joints[J]. Journal
of Materials Processing Technology, 2018, 256: 254 — 261.

FEI Z, PAN Z, CUIURI D, et al. Effect of heat input on weld
formation and tensile properties in keyhole mode TIG welding
process[J/OL]. Metals, 2019, 9(12): 1327. https://www.mdpi.
com/2075-4701/9/12/1327.

EREE TR, WL OF S EEM ST N K-

TIG ¥4 B 311k ; Email:

shizhanzhao@foxmail.com.

Ak GEFMER), M4, #e, M EESm;

Email ;

yhuashi@scut.edu.cn.

(%W5E: 7ARAHD


https://doi.org/10.1016/j.jmrt.2025.03.126
https://doi.org/10.1007/s40436-023-00437-1
https://doi.org/10.1007/s00170-023-12743-w
https://doi.org/10.1007/s00170-023-12743-w
https://doi.org/10.1007/s00170-023-12743-w
https://doi.org/10.1016/j.jprocont.2019.03.013
https://doi.org/10.7512/j.issn.1001-2303.2023.09.06
https://doi.org/10.7512/j.issn.1001-2303.2023.09.06
https://doi.org/10.1016/j.jmapro.2018.10.009
https://doi.org/10.1016/j.jmapro.2020.02.027
https://doi.org/10.3901/JME.2018.18.055
https://doi.org/10.3901/JME.2018.18.055
https://doi.org/10.1016/j.jmatprotec.2018.02.019
https://doi.org/10.1016/j.jmatprotec.2018.02.019
mailto:shizhanzhao@foxmail.com
mailto:yhuashi@scut.edu.cn

	hjxb-2026-1_print_merge.pdf
	基于OCR-SVM模型的K-TIG横焊变参数对熔透状态及识别的影响


