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Application research of narrow-groove intelligent hot-wire TIG welding on

large LNG storage tanks
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Abstract:To address the persistent issues of low efficiency and poor working environment in manual shielded metal arc welding
for longitudinal seam welding, and to achieve efficient, green, and intelligent welding manufacturing, a narrow-groove intelligent
hot-wire TIG welding system was developed.The system, carried by an intelligent welding trolley on a track , moves automatically
along the wall plates of 06Ni9DR steel storage tanks.It integrates a digital high-definition molten pool monitoring system and an
intelligent welding data management system with built-in welding procedures. The results show that based on arc tracking
technology, the system can identify weld seam positions in real time and adaptively adjust process parameters, resulting in
well-formed welds. Moreover, the joints exhibit excellent low-temperature impact absorbed energy , CTOD characteristic values,
and wide-plate tensile plane stress fracture toughness at —196 “C.This technology has been successfully applied to a 220 000 m®
LNG storage tank project, achieving a first-pass welding qualification rate of 99.44%, providing a reference for the
intelligentization of LNG storage tank welding.

Key words:LNG storage tank ; 06Ni9DR steel ; longitudinal seam ; narrow-groove ; intelligent hot-wire TIG welding
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Tab.1 Relevant requirements for mechanical properties of welded joints and all-weld metal tensile specimens of 06Ni9DR steel
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Fig.2 Intelligent hot-wire TIG welding system

3 FRERLTICEEERREORK

BB I LL TIG A5 i 0 S5 AR SR FH P A7 % LK
F260°V I 553 1 2508 8° U T A 1Al Bk 11 . e,
JE /N T 15 mm BIBROM R A U 3 DR R o
K 3(a) BT s JEJEAE 15 mm Az DL _E FIARR K F XX
U B, B 3(h) from . 7822 J5 m® i
(A2, SR 2 ) B Y BE 4 22 TIG SR AH L A% Gt
JRA U, SR8 TAE R £130% LA |

4 PEEFEEIFRIK O & BE AR LL TIC 1RIRHEA
MERERTZ
2 IR IR 118 R A 22 TIG A 56 3 P 5 [T Ak

H A AL D 1.0 mm ERNiCrMo—4 45 22 , {74
AR 99.999% T AHE K -

10
5
n

y &

() JEJE 10 mm i HR
6.38

| )f /

80

.

| 1.5'(‘1
G
EV 84
101 |,

(h)JELFE 32 mm iR
3 BRERLTICEERIKEORE

Fig.3  Schematic of narrow-groove for intelligent hot-wire

TIG welding

32
1.5




fARRAE 55 A TR] B R REANZZ TIG A5 KA LNG Gk v FHATFSE 83

I TE AR B 3T R R B 45 10,
16,18,21,24,26,32 mm. %8 & KA 2 2R
T400 & N\ 2 — A A2 il B R, AR IR B8 o & Ui
FERTR L2 80% . REESHANN < R4 IR 220~
280 A, HL 9K LR 10~13 'V, 15 3 S N\ 5 i) 72
23 kJ/em VLN o 32154548 JE A S 3 mm,
/N T 12 mme IE R R EN
12~15 L/min, 3 [ & 5S4 &8 8~12 Limin, 38
[ e P2 #5172 100 ‘CLAR

FREE FER FH E Bh i i s AR 47 i@
JE IR RA VSIS MRES . SR IE UL B AH
HAETF )20 mm. AR FE A OC 3T E )T
L, AR R AT A, B O RIS A R
U, 6k, IR B . IRAER S5 B I U
SR, eSO R, S BESCHE R, R miEH, Ab
MR R, Wil 4 Fros

4 FEIFOEEEMRLTIC RIZLERT
Fig.4 Weld formation in narrow-groove intelligent

hot-wire TIG welding

5 EEELAEMREFRAI

Fr A R R E 5 & X SR, 45 R/ &
NB/T 47013.2—2015 & J& 18 & T A6 il 55 2 56
Ar SRR T 4 ESR . % GB/T 2652—2022 5t
TETE SR G2 B O A7 B H LD S mm 217458 )8
TR, L AR A g R i 5 B, oA 1
625~854 MPa 2 [f .

W4 NB/T 47014—2023 Bk, 4% 7 7 Fht
% B KR B B S OE R R, IR 45 SR i 6 i
N MR Sk P B T YU FL N 709~761 MPa. X
JEREN10,16,18,21,24,26 mm AR, 7E R K
2 mm Kb i B a5 RE 5 32 mm AR RCAE 1/4 )5 FE b
Hl iR . IR 25 A 7. B 8 B, 1R 4%
FE3RAE-196 “CF B KV, P i Dyl 135~272 ], )
FEMK &4 0.7~2.1 mm.

900 - mikH:l NikF2 g3s
800 F754;5, 1118
700 |
600 |
500
400
300 |
200
100

0

oo
O
)

777222222222

0

D1y 37 et 12 55 B2/ M Pa
)
R
S

—
(=]
—_
=)}

18 2
T R /mm

5 RETICRE2BEEREREE

—_

24 2

6 32

Fig.5 Yield strength of all-weld metal in hot-wire TIG welding
770 P o Y
2760 176! WCHE L s aAR2

750 -

~

N

O
~
N
)

<

[= W
=
= 740 \ 2
= o730F0 N
&= N N
ey B N
= N\ N N
E70 ¥ N
= 700 § N

( 690 M N
= 680 | X
10 16 18 21 24 26 32
T AR /mm

Elo BEEmirnaE
Fig.6  Tensile strength of welded joint

SIRASIE S LR S L+1.5 mmalE 5 443 mm
300

250
200

1
150 g
100

i g 1

50
0

S TR TR TR IR R TR RR RNy ) Y

10 16 18 21 24 26 32
R /mm

7 REESRIRAEREEE
Fig.7 Low-temperature impact absorbed energy of

welded joint

sltsEeE A de & 4+1.5 mme/E 5 4+3 mm
251

1) 18 K 4 /mm
—_ —_ )
=)

o
W

=)

10 16 18 21 24 26 32
AR /mm
8 BEIERLMEEAKE
Fig.8 Lateral expansion of welded joint
1% NB/T 47014—2023 b il % 1 2 5 15 %5
W, Bl m R WL R



84 PRESSURE VESSEL TECHNOLOGY

Vol.42,No.9,2025

GB/T 2654—2022 Fr X} 32 mm JE 48 42 5 R H
N2 mm AbBEAT BRI, A5 R 9 Fios , 1R
$ie 3k i s P AN T A2 X, S 340HV 10,

360
- )2
< 320 ——rfiz
= -1z
= 280F
)
240 F
&=
= 200
160 1 1 1 1 1

6 1 2 3 4 5 tIS
HE R4 T 0 B S /mm
B9 32mmBEIRIEELEE
Fig.9 Hardness of 32 mm thick welded joint
FAL0 R 5K TF AL F% (CTOD) IR B K = 52
i ARRE , FLRSE S 0 T ki 153 4% GB/T
211432014 & JE M KL HEF S W R E 5 —
WIS TTENAT o FITA IAFE 4 R )50 I T % 57
K EL 20 mm. (5% LB S MG X AE
-196 C ' W) CTOD %% 1k 1 43 7 4 0.793,
0.896 mm' N WF 2). % GB/T 6803—2023( %k %
AR 110 TG BB A 2t 7 U A 6 5 v ) 1 B P2 3K
P, 22 BT AR 4% 7 1a) BURE , S0k LR % TR 4%
SR E . VRS R R 3 R, bWl
JREE S B s HONPGE X . 25 R, LI 6 AF
EE(NDTTAR T -196 C.  FiRikgG 45 BEW,
JREEHE SR % U R X A2 3R 1 AT R K .
F2 -196 CTIEHEHESL CTOD IKIMEER
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