45% %38 B’

2024 £ 3 A

S ¢
TRANSACTIONS OF THE CHINA WELDING INSTITUTION

Vol.45(3):75 — 81
March 2024

AE Nb &£ X80 fNEINEFR X FIRHMARSHIE

FTNER, AR, mAEY, RRF
(1. FEATMER TR BRI B FRA T, Al B2 & AR T A S 45 % & E R B S SERE, Vi%, 710077;
2. EFREEDFIE L, TEEE, 710077; 3. HEL R E BRA 7, L5, 100004)

FEE: ST Nb & 20 AR A5 ) XA oW 2 2R 1 RE (9 2 i, R R Al SR PR 37 45 (gas metal arc welding,
GMAW) HIF- T 4B 9 (shielded metal arc welding, SMAW) X 0.055%Nb F1 0. 075%Nb & & i X80 & 4T
PR, SRAE Heoh i e e AR ik, DRI B X A SO AR 22 SRR e b 0. A5 B R B AR =
T IO AL B £ WA MR IR] Nb 7 i X80 45 1 A 1 UL AL 2% $A R i X PR RE RO S . &5 SRR, FE 0 °C I
—20 °C if, 0. 075%Nb Fi1 0. 055%Nb [ X80 4 GMAW I ARZL PG M [X 24 HLAG 45w i s ok, S 24g wrs
e E T 150 1. A 0. 055%Nb W& T 0.075%Nb [ GMAW IARRE Sk B2 i [X T Lb wp o IS RE 15 LA
HABLLAT, 0.055%Nb {IK T 0. 075%Nb (1 X80 ARz M IX M e AR R 2, B TR AF i IR vk, 1Rt
AR, 0.075%Nb 1) X80 FAR 2k KL X HLAT B i 197 & op b OB 2, L1 /5 V88 R R 200 B
TG, HAGREE TS AT X80 FRKEEEL FEZ M X A w0 AN 5 #Adin A f2 RIBIGRE i) (X 2 FRfR—TRLEG
TR (M-A) BRS04 G, T LA SZ A PR Nb & i | IR A5 BE S0 | O ZH SUIRAS 13814 52 1)

BIEF A (1) 3R T AE Nb & X80 495 GMAW PRI BEL U X B 43
) TEARRI G ATR, X5 F 43T T A A] Nb & i X80 44 BRI S P i K B e 1 28474
3) b T WiFhAS[H] Nb 258 X80 B ARAYSRIE | FIPE RO ZUIR 25 0 i [X A0 1 A s P2 i)

REBIF: FrHE X80 WA ; PR um X w1 M-A 4140

FE 452K S: TG 457.6 T ERERIRAD: A

0 7%

PRl Al o B AR T o B3k 70 Z24EY
SR TE 20 4D 80 RN, AMTINAfRK T
Hi— R AR A A, T80 R A [ 3 F
AT A, G5B PWUELH T2, 2401k ok, 35561
AHAR T SR AL A RICR, DT ARAS R sk BE | e 01k
FARE, 1 X80 454N, TERK S AR fE b, i
P AR T A, & 9898 M2 X (heat-
affected zone, HAZ) £ JJj T — Z 51 ¥ B FR AR T Bl Al
SHEAEER, JLHGRTENG FE RGN IX. (inter-critically
reheated HAZ, ICHAZ) B[RRI B 43 TE BUR 3 i
BT ORI B A, L, X80 A 4 A HE
X FHOMZE 4 A 37 SR Nb S i i .
ST ] DX P FOUE 2H 2R 1 2 52 i =5 4

i B HA: 2023 - 04— 05
ELWB: EE AL A (2023YFB4707205)

doi: 10. 12073/j. hjxb. 20230405001

KM ARG BB E R, BAR X80 =ik
FEE LN EA AT RPUETERTRLRE T, (AR 72
HOE A I X, U HE K §f X (coarse-grained
heat -affected zone, CGHAZ), H.A# M ZH £ 43 1 AN
2], HEA SR ACRAE, (0751 X 380 2 1 g
AR %, ARG WS R RS SRR e X, 2R
A5 S by . S5 SCER [4] AR5, X T
T Nb 5 R 0.1% [ X80 F LM, AR FFZ 1 X Ji
U A ERAAR s 17 185 RS AN 25 B AV A28 i 5
THR, (S A = T 40 kd/em B, 15 546G
B G AR PR AR DT ECAAR By AR B ) e 0ot T B
—, RAR KT 15°) %5 S W IEAR, A 2305
B RGHECR, 5 [RR - [CIRZH IC (M-A) B H T4
g A T B S LA, DA T S B ) DA X
) B 5 ARG . Teixeira 25 APV BIFSE T 5 5 AN $Y
Wi DX ) 2 2R X R 42 4 S AN R W A T o 52
Wi, TA A REL it DX RO 2 2 BE A PR D AR 2L B, I
FE R Ji 3 B AR (o ) i A A /0 i 5 TG AR AN



76 B

S % 45 %

Jo AT Bk R AL B T 05 B EUHT & iR A
CGHAZ, HA7PEW] ST R, STk [6] 38 i 1 56 Fl
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1 X80 EAEMINARINE, MNE AN 1219 mm, BE
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NO75, H A&k 2% B 4 0 42 7% 4 SRR R B
(CEpe) VL322 1. NO55 1 NO75 45 1A 117 1) 7 A1 Ji
JIR 38 B2 4351 A 567 MPa Fil 565 MPa, HTHL5E 435l
7 645 MPa Fl1 689 MPa, Wi/ {5551k 21% Fil
25%, NO55 Fll NO75 5 RGN ] F- 1 ipr o W s g e A
0 °C I 435124 401 T F1 375 1, 7620 °C I 4351 4
391 J Al 340 J.

®1 HRAEOLERS (RESH, %)

Table 1

Chemical compositions of steel pipes

%% C  Mn Si P S Cr Mo Ni

A% Ti Cu B Al N Fe CEp.,

NO55 0.049 1.74 0.15 0.010 0.0025 0.25 0.093 0.16 0.058 0.0043 0.011 0.022 0.0003 0.027 0.0031 #Rit

NO75 0.051 1.72 0.16 0.013 0.0026 0.26 0.088 0.16 0.082 0.0045 0.012 0.026 0.0003 0.025 0.0033 =R

0.165

0.167

1.2 MEEERESRIEHE

TS BR BY PRRR S I DX IR AR AN HE D,
X G LA i B L b BRI E RS R Rk, Sy
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X80 PR Sk A m X ), = BOAPI
RECOMMENDED PRACTICE 2Z { i | 4% #) F 4K
MR FAE P PR HERR AL ) bR, SRHANIE 1 PR
B VIEYE . GMAW R EAEN 1.0 mm 11
ER80S-G(BOHLER SG 8-P) [JS2.00 22 ; SMAW %
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0125 TH MR 428 4.0 mm (9 E11018-G 15 4.
GMAW Hl SMAW [ 4245 T. 2 2800 il n 5k 2 A
3 .
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Schematic diagram of single side V- groove. (a)
GMAW; (b) SMAW

Fig. 1

R EE R SR 55 mm x 10 mm x 10 mm, V JE 6k
1l 1) 47 F B3 M HAZ A 8] 7 & 4k L FL s,
FL, o 1 FL, ((FL & &t O {7 & {7 T 50%WM +
50%HAZ, ) 7r S B 0 B 2R BE FL 40 0.5 mm,
1.0 mm, 2.0 mm. [ 2 gk 7T FL, 5 17 2 K.
It R H PSW750 B pp i i 50 AL, AR H GB/T 229-
2020 4 JEM R E R vh R Oy 2k ) BT E
i ikse. BT Boltzmann PRELEA S FE 4 TE
AR, 54 @ MR b IR U B TR DG R ith e
RAEEWE, WRE T A X, BARREX MG
X 3 BB REE, B SO | A OC R g, AR
AT g s N, SR Bolztmann bR
BRI 25 op o B A SR I TR, SRAT A
w2 W X1 ) e % 728 I B (ductile-brittle transition
temperature, DBTT).
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Table 2 Welding process parameters of single side double V-groove GMAW girth welding

e PRI IDRE %2 Pt i Rk STH A A
Iz~ - - p— _
A unN vimin') - vmmmin') g e mar coy  HiltQ(Lminy QI mm )
HRAR 150 ~ 200 22~26 8.13~9.65 460 ~ 660 4:1 20 ~25 0.48
PR 180 ~ 240 24 ~27 11.43~12.92 560 ~ 760 4:1 30~35 0.52
iR 160 ~ 220 24 ~26 8.13~10.92 330 ~ 460 4:1 25~35 0.75
AR 150 ~ 200 22~26 7.62~9.14 330 ~ 460 4:1 20 ~ 30 0.65

£3 BNV EEOSMAW BETIZSH
Table 3 Welding process parameters of single side V-
groove GMAW girth welding

JREE BRI RIERIE  REREEE PIHGA

=21 A UV vw/(mmmin') Q/kI-mm )
HAR 130~ 150 24 ~27 90 ~ 100 2.10
i 130~150  24~27 100 ~ 120 1.91
R 170~210  24~27 90 ~ 120 2.84
WEAE 170~200 24 ~27 90 ~ 120 2.70
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Fig. 2
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Fig. 3 Charpy impact absorbed energy at different
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girth welding. (a) 0 C; (b) -20 C
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Fig. 4 Ductile-brittle transition curve of CGHAZ of girth
welded joint. (a) GMAW; (b) SMAW
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SRR LA X RO U A A2 5, HAE
I A RO FHOKEL & X (intercritically reheated coarse
grained HAZ, ICCGHAZ) 177 881K 73 i 1) M-A 4
JC, RHEAT 5 R S AR E SO 2 B 25 1Y
FFJEN B 5 I 6 4k R [ 4



%34

/N, % [ Nb 48 X80 N4 I EHE v X ey oW A48 5 #1114 79

X80 7E A I Pk A B GMAW A% v P ARy
SMAW 42 T RLAH X IO AT 1. 25 SRR, 7R
R AR A AT, NOSS FIENO75 R X Y
LU LURDIR DL R (By) oA . 7R SR B A
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I, NO75SMAN Hif X (47 T NOS5S.

(a) NO55

(b) NO75

5 BMRMEAN GMAW MR HERRHMALR
Fig. 5 Microstructure of CGHAZ of GMAW girth welded
joint with lower heat input. (a) N055; (b) NO75
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BE SR HLL B NO75 TR i X~ Y5 8 2 228 205

(a) NO55
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Bl 6 HEHREANE SMAW MG LHRE R MW AER
Fig. 6 Microstructure of CGHAZ of SMAW girth welded
joint with higher heat input. (a) N055; (b) NO75
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Fig. 8 SEM microstructure of X80 pipe. (a) N055; (b)
NO75

CGHAZ 132 D1 IR AR J5 L A 22 254
FZA, T ICCGHAZ W 32232 315 I B8 FQ AR & OB i
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Fig. 9 X80 secondary thermal cycle cooling to about
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IR PG J5 B il XA ks RO B /) NOSS.
GMAW FRARIS, i T i A B, Pz XAR%E,
1Ml NO75 7£ ICCGHAZ JE i) M-A B4, 1HH Sk
AAXTELAR. PRI, M-A Jir 7 Fe B s, 748 AR sl ik
il B A R R, NO7S #G i X A ) PEAR T
NOS5. 245 = #ir A ) SMAW FRKERT, NO75 #i¥
Mg DX ) B AR e RS i1, M-A Bz 404k, M-
A A T ANELE S K, ICCGHAZ R 3L B4
AR, P, B A AR SMAW BRAR I, 5
NO55 AH L, NO75 #LaH X AT 5 i i e 2 22 B

B REAEEAR A B A2 TR

3 %%

(1)7E0°C F1-20°C H,0.075%Nb #10.055%Nb
1 X80 N4 GMAW PR 43 Sk FE i [X 1) HAT 45
e A e B, P X b ke B T 150 .
A J&, 0.055%Nb M = T 0.075%Nb [ X80 94 45
GMAW IR L A DX 1) 52 L e Wi g o

(2) 4K AR S AR 3BT, 0.055%Nb 1% T
0.075%Nb 1] X80 I A5 42 S AH & X 1) ) I 2 722 i
JE, BA A AR IR B 5 2 2R A e P A 4



% 3 /MR, %: TR Nb 2 & X

EINR R e X O 4 2 5 81

i, 0.075%Nb 9 X80 MAREHEZ A X Y 13- 15 ik
WS R e B e, LA SRR P 15 T R B e
AT, AR BIPE A .

(3) X80 sz Sk Bz mm X iy o AL
SRR A S FIHGE R M-A TR KON i
O, T LI 32 A AR A2 A | AR RS ) R
WRZH ZUIRZS (38 A4 5 i)

S 3k

[1] Morrison W B. Microalloy steels - the beginning[J]. Materials
Science and Technology, 2009, 25(9): 1066 — 1073.

[2] Deardo A, Hua M, Cho K, et al. On strength of microalloyed
steels: an interpretive Review[J]. Materials Science and Techno-
logy, 2009, 25(9): 1074 — 1082.

[3] Fateh F, Matthias M. Effect of Nb on austenite formation and de-
composition in an X80 linepipe steel[J]. Journal of Iron and Steel
Research International, 2011, 18: 658 — 663.

[4] 2%, 1R, oA AE R Nb X80 LA R IX
RREARSEME [J]. SJEAR, 2010, 46(5): 541 — 546.

Miao Chengliang, Shang Chengjia, Wang Xuemin, et al. Micro-
structure and toughness of HAZ in X80 pipeline steel with high
Nb content[J]. Acta Metallurgica Sinica, 2010, 46(5): 541 — 546.

[5] Teixeira P, Loureiro A, Rodrigues D, et al. Effect of the HAZ mi-
crostructural gradient on the unstable fracture behaviour of welds
in a high strength steel[J]. Materials Science Forum, 2006, 514-
516(5): 539 — 543.

[6] A, s/, Z2HHIA. TR X80 LRI/ Ma e A5 X Wi 447
PEIRZm [J]. TRE 1%, 2016, 33(S): 56 — 61.

Xu Jie, Zhuo Xiaomin, Li Pengpeng. Effect of temperature on the
fracture toughness of X80 pipeline steel in ductile-to-brittle trans-
ition region[J]. Engineering Mechanics, 2016, 33(S): 56 — 61.

[7] =RZEZ, ML, B, 55 LR ZE VIR e AT E

SRR AT (0], S5 He4R, 2017, 38(5): 100 — 103,
Yuan Junjun, Chan Zhishan, Cao Rui, et al. Analysis of impact
toughness variation for flat position multi-pass weld joint[J].
Transactions of the China Welding Institution, 2017, 38(5): 100 —
103.

[8] Mohammadijoo M, Collins L, Rashid M F, et al. Influence of steel
chemistry and field girth welding procedure on performance of
API X70 line pipe steels[C]/International Pipeline Conference.
ASME, Virtual, Online, 2020.

[91 Wang H, Wang J, Tong Z, et al. Characterization of Nb interface

segregation during welding thermal cycle in microalloyed steel by

atom probe tomography[J]. Metallurgical and Materials Transac-
tions A, 2018(12): 6224 — 6230.

[10] XA, TR, oW MR A2 R
T[], Ak T35 4%, 2004, 33(4): 29 — 32.
Zhao Jianping, Zhang Xiumin, Shen Shiming. On the method of

BERRAL BT B4R

data processing for ductile-brittle transition temperature[J]. Petro-
chemical Equipment, 2004, 33(4): 29 — 32.

[11] JAEE, 2. CrMo FAFAHIIME e 48 W B ith £k B9 [0 70 B
[J]. JES1%548, 2003, 20(6): 13 — 18.
Zhou Changyu, Xia Xiangming. Regression analysis of ductile-
brittle transition temperature curve for CrMo steel[J]. Pressure
Vessel Technology, 2003, 20(6): 13 — 18.

[12] JABE, EH. ARE BN EEIR 3CriMoV #1)
W AR TR X HE (7). HUBCTAREEAEL, 2018, 42(12): 21 —
Zhou Tengfei, Guan Kaishu. Comparison of ductile-brittle trans-
ition temperature testing of 3CrIMoV steel with small punch spe-
cimens of different notch forms[J]. Materials for Mechanical En-
gineering, 2018, 42(12): 21 — 26.

, TV, B e, S X100 55 240K T B R X AR R

AR M-A L0 b 0 A BT RAL G AR (0], )R AR,

2016, 52(9): 1025 — 1035.

[13] ZE¢ik

Li Xueda, Shang Chengjia, Han Changchai, et al. Influence of
necklace-type M-A constituent on impact toughness and fracture
mechanism in the heat affected zone of X100 pipeline steel[J].

Acta Metallurgica Sinica, 2016, 52(9): 1025 — 1035.

[14] ZE%k, RGN, BT, 5. FORE SRR IG A A0 X
T Y EG R B AR AR R R F D], 4@ AR, 2021, 57(8): 967 —
976.

Li Xueda, Li Chunyu, Cao Ning, et al. Crystallography of rever-
ted austenite in the intercritically reheated coarse-grained heat-af-
fected zone of high strength pipeline steel[J]. Acta Metallurgica
Sinica, 2021, 57(8): 967 — 976.

[15] Qi Xiaonan, Huan Pengcheng, Wang Xiaonan, et al. Effect of root
welding heat input on microstructure evolution and fracture mech-
anism in intercritically reheat-coarse grained heat-affected zone of
X80 pipeline steel[J]. Materials Today Communications, 2022,
31:1-9.

[16] FEEMR, 220K, WG, R A LA IR A I X I 21
KEANZAE (7). 1545, 2019, 42(7): 27 - 37.

Wang Xuelin, Li Xueda, Shang Chengjia. Fine characterization of
high strength pipeline steel welding HAZ microstructure[J]. Weld
Pipe and Tube, 2019, 42(7): 27 — 37.

E—ERA/NR, WL, TR SRR I/ B TR
Uiy FEENFAE LML E T2 ORI BRI 1 S SR AR A
%¥; Email: xiaodonghe@126.com.

(448

FEE


http://dx.doi.org/10.3724/SP.J.1037.2009.00803

2024, Vol. 45, No. 3

TRANSACTIONS OF THE CHINA WELDING INSTITUTION v

mented carbide near the welding seam, with a maximum axial
residual stress of about 1304 MPa. Adding Cu and Mo inter-
layers can effectively alleviate residual stress in the joint.
When the thickness of the interlayers is less than 0.6 mm, Cu
has a better relieving effect on residual stress in the joint.
When the thickness of the interlayers is greater than 0.6 mm,
Mo has a better relieving effect. When Cu and Mo are used as
interlayers, the optimal thickness for relieving residual stress in
the joint is around 1.0 mm. The experimental results of resid-
ual stress in dissimilar materials brazed joints are basically con-

sistent with the numerical simulation results.

Highlights: (1) The distribution of residual stresses in the
joints was analyzed by establishing a residual stress model for
cemented carbide/superalloy brazed joints.

(2) The influence of various interlayer materials and thickness

on the residual stresses of brazed joints was investigated.

Key words: numerical simulation; residual stress; cemen-

ted carbide; superalloy; brazing

Microstructure and toughness of heat-affected zone in girth
welding of X80 steel pipe with different Nb content HE
Xiaodongl’z, YANG Yaobin]’z, CHEN Yuefengl’z, David Hanz,
ZHANG Yongqingz’S(l. State Key Laboratory for Perform-
ance and Structure Safety of Petroleum Tubular Goods and
Equipment Materials, CNPC Tubular Goods Research Institute,
Xi’an, 710077, China; 2. International Welding Technology
Center, Xi’an, 710077, China; 3. CITIC Metal Co., Ltd.,
Beijing, 100004, China). pp 75-81

Abstract: In order to study the effect of Nb content on the
microstructure and properties of heat affected zone (HAZ), the
0.055%Nb and 0.075%NDb content X80 steel pipes were girth
welded by Gas metal arc welding (GMAW) and shielded metal
arc welding (SMAW). Charpy impact test and metallographic
analysis were used to study the impact toughness and micro-
structure differences in the HAZ. The effects of the micro-
structure of X80 pipe body with different Nb content on the
properties of the heat-affected zone were analyzed by scanning
electron microscope and confocal laser microscope with high
temperature. The results show that at 0 °C and —20 C,
0.075%Nb and 0.055%Nb X80 steel pipes have high impact
toughness in the HAZ of GMAW girth welded joints, and their
average impact absorbed energy are higher than 150J.
However, the Charpy impact absorbed energy in the HAZ of
GMAW girth welded joint of X80 steel pipe with 0.055% Nb
is higher than that of X80 steel pipe with 0.075%Nb. When

GMAW is used, the ductile-brittle transition temperature
(DBTT) of X80 girth welded joint with 0.055%Nb is lower
than that of X80 with 0.075%Nb because of the low welding
heat input. When SMAW is used, due to higher heat input, the
coarse grain heat affected zone (CGHAZ) of X80 girth weld-
ing joint with 0.075%Nb has higher impact absorbed energy
on the upper-shelf and lower temperature of upper-shelf zone
and DBTT, and its low temperature toughness is better. It is
also discussed that the impact toughness of the HAZ of X80
girth welded joint is not only related to the heat input and the
shape, size and distribution of M-A, but also genetically influ-
enced by the content of Nb in the pipe body and the original

strength, toughness and microstructure state.

Highlights: (1) The toughness distribution of HAZ in
GMAW girth welded joint of X80 steel pipe with different Nb
content was investigated.

(2) The ductile to brittle transition behavior of HAZ in the girth
welded joint under different heat inputs for X80 steel pipes
with different Nb content was compared and analyzed.

(3) The genetic effects of strength, toughness and microstruc-
ture of X80 steel pipe with different Nb content on toughness

of HAZ were analyzed.

Key words: X80 steel pipe containing niobium; girth wel-

ded joint; HAZ; impact toughness; M-A

Image processing technology for ship plate melt pool based

on MS-FCM algorithm XU Yuanzhaol’z, LUO Jiutianl’z,

FANG Naiwen’, FENG Zhigiang'’, WU Pengbo’, LI
Quanl‘z(l. Guangxi Ship Digital Design and Advanced Manu-
facturing Engineering Technology Research Center, Beibu
Gulf University, Qinzhou, 535011, China; 2. Guangxi Key
Laboratory of Marine Engineering Equipment and Technology,
Qinzhou, 535011, China; 3. China National Machinery Engin-
eering Corporation Harbin Welding Research Institute Co.,

Ltd., Harbin, 150028, China). pp 82-90
Abstract: The image processing and feature extraction tech-
nology of molten pool is an important part of intelligent weld-
ing quality monitoring for gas metal arc welding (GMAW) on
ships. To address the unstable characteristics of large smoke
and spatter during GMAW welding of ship hull plates, such as
blurred image acquisition and difficult edge extraction, a fuzzy
c-means clustering (FCM) based on mean shift (MS) optimiza-

tion is proposed The image processing algorithm for In the op-

timization design of the welding dynamic visual sensing sys-
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