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Abstract

The prefabrication welding of X80M pipeline steel double-connected pipes was completed using
GMAW + SAW welding process and self-developed mobile automation prefabrication equipment.
The main points of welding operation are summarized to provide guidance for the next field con-
struction. After welding, the microstructure of the weld and heat-affected zone of the welded joint
were observed by scanning electron microscopy, and the mechanical properties of the joint, such
as tensile, bending, impact, hardness and CTOD were measured. The test results show that the
welding equipment adopted can give full play to the characteristics of large heat input and high
welding efficiency of submerged arc welding, and complete the pre-welding of double-connected
pipes. This process is a beneficial exploration for efficient welding of long-distance pipeline. The
welded joint has excellent performance and meets the requirements of current standards.
However, the accumulation of granular bainite in the weld zone and the existence of the bound-
ary between the inner and outer submerged arc welds will lead to a decrease in the toughness of
the weld zone.
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1. 518

4 H B B AR I R U R Ty 2 R IR IS AR SR R (GMAW, Gas
Metal Arc Welding), 1R4ERIEEF, MR ERE)-[3]. HEEE KR, KB R N0 L0 1 N,
PR A SR T2 A B 518K, GMAW (W CR Ckiisi. 5 B g s ioksE, 5rd
RIFE . RIEEEGEA4]. FB, BUTHTF TR, AR, SENESSMEERETRZ NS E
JREE, CPHRL TR PIRSEOR RO B A B E I, S EUE I SR LRI HOR 1
&), @ g EAFEA Eepdi e CTOD MR E L, FEURHEREAFRE[5]-[9]. HREF M. &
IR JE

WU (OURRS 4 — ") — P P B AR N — 4L LR — S, oA B 5 N 4k %,
FEEAT A R 0 — R B i L2 XOER MR e iy, IR Rae, IS EE®
SV, RN TSRS, FRAF R R S RIE[10] [11]. B ACE . F R R I XUEE ke 1T
SR T 1 i TR AR M.

AR GMAW + HESIAE(SAW, Submerged Arc Welding) 545 T 200 WU4 A HEAT Tk M54, 15458
BJE A e Sk AT UM AN 7 2 Rt B oW AL ZURN ) R B0 AR S & BT i, IR TC RS A Sk
PEREMINZ . X T 098 SRR E IR, RTINS Ea HEE
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2. JREEMRL RERIRWITE

2.1. B4
AN 5T BT BEAE S X80M BL444N4E, EA2HN 1219 mm, BEE K 18.4 mm. BEMALE R4 RN UG B8
m#E 1w

Table 1. Chemical composition (mass fraction, %) and mechanical properties of base metal

=1 BMOUERD (RESH, %)MIEIEEE

Cc Mn  Si P S Mo Ni Cr Cu \Y Nb Ti Al N B

2 oy
0.055 1.65 0.17 0.011 0.001 0.099 0.117 0.144 0.135 0.005 0.048 0.013 0.024 0.005 0.0002
e JE R3S Re (MPa) PLHLHEE Rm (MPa) Wr G2 A (%)
VAEZ T
590 685 29
2.2. 1REMHR

GMAW X F BOEHLER SG8-P Flsizitaf 22, B4 0.9 mm. SAW KF KGS-H80GX g4z, HiZ
N 3.2mm, FEFIRA KGF-H101G (f# A 350 CHLT- 2 /NIF) o HEHBF K4k 27 52 FOR LM g L 26 2.

Table 2. Chemical composition (mass fraction, %) and mechanical properties of welding materials

=2 BMBUERD(REDH, %)MHIERE

) C Si Mn P S Cr Ni \% Ti Mo B Cu Al

tb /5 BOEHLER SG8-P 0.06 0.68 1.56 0.008 0.009 0.02 0.84 0.001 0.07 0.003 / 0.13 0.003
KGS-H80GX  0.05 0.33 1.82 0.009 0.002 / / /002 036 0.004 0.02 /

thss JEARSEE ReL (MPa) PURLFEE Rm (MPa) Wr 5 (% A (%)
VAEZEXT: BOEHLER SG8-P 520 595 29
KGS-H80GX 684 587 28.5

23. BERSR

KH GMAW + SAW T2 A7 XUEHE IR . ARIERIT B ATE SRR T GMAW S50 % .
U HR IR R ] B AT R sh X B ST i eg . SRII0E 48 A BEIURE A SR EIE . A BEI0E 2R AR
PN RIS b, B B E R RN IR PUE AT R R, 2 LA e e e RN — B
J7 A RORSEBL AR L B IR o ARSI R IR BN K e AR KT A B, I AN e S R SE LT AR 1 B
o W AMEEIUE R 1@)ATE 1) s, B TR LIS 1(c).

24. B¥ETE

WOEE IR T 2RI 2 B, 40 N a4 RGP 40 o 12 R HE S a3 00 T, a5 R
X CURITIAR, ARBe O FE R R e A . AMESIUE . b, AR 2 E 5n & 3 B, Wl
X B3, Horp B3 T A BE o= 40°, N4 TR A FE p=50°, 4l p = 2.5 mm, R3¢ H I A h = 7.5 mm,
KRR BRART . e 3(b)Fias, IEEE—I4 8 3R, B, FIH GMAW T8 1R . H
W, TEHRE NIBHETER 2 TR A IR . e, TEIRE AMBIEIT R 3 IR AME IR E: . 2 S bl
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&, MRRREATFR N Y 180 s~210 s, PY3ESIRE: Fr 75 I 4]y 360 s~380 s, AMEIUE ST 75 I 1]y 370
$~390 s. M54 GMAW J5 /28 X80M D1219 x 18.4 fN%, ZH/DFHEA 4 2 6 il MEEE, 128
TR TR ) 22008 180 s, I HAFMEE 2 A1 7 Bk TIT AL .. 5144 GMAW T2 M, &
WL GMAW + SAW T 2R 80 5 2 W 2T BARIEE: T 225004 3 Fior.

(a) (b)

Figure 1. Schematic diagram of SAW welding process. (a) Internal SAW; (b) External SAW; (c) Rotation of the steel
pipe
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Figure 2. The welding process. (a) Groove form; (b) Number of passes of the welding layer
2. REERERE. () WHOEK; (b) BERER

L\

(@ (b)

Figure 3. Groove form and number of passes of the welding layer
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Table 3. Welding process parameters

FT3 EBEIZSH

JRIE JRFEHLIR(A) AL (V) JEBEE L (cm/min)  JEEEAGR A (KI/mm)
MR 240~290 22~24 120~140 0.25~0.31
Py AR 640~660 30~35 62~66 1.95~2.01
AP 620~680 30~35 62~66 1.89~2.07

25, IBRERMEES

(1) BN RERIE N R BER R BRSNS BRI B R . £
Shr SAW JEEESHR UL R, R IR B B IR R R B R A K %méSNNh%%ﬁE 700 A
B, JEUREANEOR, (ARSI, JREARIRIEIRER SR, @ik Em L, B
BIRESHOIATRAGIUES . e SEPL T 20, IF HARIE R4S R i 2 2K .

(2) RME T E RN E SR, FE/5ES: SAW JEERHANE GEE R bR iess . MRS 7] LU
TRIRFNPI R RCR, [RS8 I e 2 1) RS

(3) WIS SIS, 2 ARAG A FE 9 oI TR AR e, IR e il i 4y 650 A, M4 HL R 1% 4 30 V~35
V. TESEI R TS SO SR E R &, PEHISAR A AR RETE 54, MO B IR . 7RI
S A /N ZE A8 U R AR A B AT U, I HiE sk e &

(4) HMESUE SRR, HIRM A N 8 I AR 1R, iR i A% 650 A, JRIEHEIHE N 30
V~35 V. TEMEFE b 7 B B s i B T i, PRI M B AR TE 8° i A, S i B IV

2.6. MRERIL S

8 DEC-OGP-G-WD-002-2020-1 X823kt 47 % WA A0 B Rifd . 2fRaghifif. I (eSS A
25). Zf, phodr. GEREAI CTOD R4, BUREA B 4 Fiow.
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Figure 4. Schematic diagram of sampling position

4. R EREE
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Hodr, M EAKFELIT B C )5, FH 4% BRI AS 1l 13 s~18 s, K H JSM-7200F Y44 HE 45 (SEM)
M gL BRI EE R ST 18.4 mmx19 mm, A R4ehi s B RRE, B85 mm, MWEH
PR SE A FM IR 2 P Ab SR 48 Ve e, AR agh i In IR /R = L IE 5, #% 8 GBIT 228.1-2021 47 Hi ff
WG, M RPN 25 mm x 12.7 mm x 230 mm, B 2R R A 18.4 mm x 13 mm x 230 mm, 5 i
WIGARHE A GBIT 2653-2008. ZIMEAEKIAFE ] 25 mm x 18.4 mm x 250 mm, RIGITFERFA GBIT
31032-2014. b R <9 10 mm x 10 mm x 55 mm, ik 5635 N—10°C, 36 i B2 45 & GB/T 229-2020,
DA% O (WM ARG I X (HAZ) AN B b e R RE, 1 6 o Fa A Bon s B, R Ie e
FMEARRE LT, FTAMERE W 7. CTOD AR ~FA 14 mm x 28 mm x 140 mm, 56 E A
-5C, RIS FERFA GBIT 21143-2014, FAFEAFFFA 1SO 15653-2018, & WM Al HAZ WA & 1)

CTOD 18, F#kOfALE LIE 8.

— LR -
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Figure 5. Full-weld tensile sampling location
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Figure 6. Notch position for impact test
6. MEREFROME

f

Figure 7. Dotting position for hardness test
E 7. wEREITouE
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Figure 8. Notch position of CTOD test
8. CTOD ik g FFER O &

3. MIELER DR
3.1. EMERYALR

P 9 B 5 UG I 2 WA AR AT SEM 414, FR I 9(a) M4 AH T WL, 22 ick iy it e H P % v 4
BN SRR, 28 1 T8RS A e 2IEIE, T g RNEE 2, 3R A AMEIIUREE,
TR RS AL P ER B H R N . AN IE 73 2k . M ESAHRIT LR Sl RIGE. JeiE S5t
M, 56 %A AR 30 A AR SR

K 9(b). B 9(c) o B A Sk SR 4 X SR IS . ] LR 4% X 4 23 i AS RIS IR IR Ak 25 AR DL FR AR
B, EECR: EHRECER R (AF, Acicular Ferrite). £ 128k FK A& (PF, Polygonal Ferrite). #% 2% UL K44 (BF,
Bainitic Ferrite) MTALIR U1 RAA(GB, Granular Bainite). iXFEkzk + UIRARHIDUAHSE R, 76 R AR,
BA RIFBPIMER SRR AR NAR, o DURIE R 4% 4 8 B B BV AR T AR 7, e i B R s R 2 11 DL IR
P g AR AT CASR AR 5 (1 i P [ 12] o SRS [ o7 B AR S L U, R MR 8% N R4 (E 2 4k GB AEIX (K 9(c)),
GB SR RT A iy T HABSRZE X 1, GB MR XHREEX WM = AE AR . Wil o(d)Fras, ARAE
JREEIX P e AIE e, OB RRRE X HEY, AT R N SRR AE X A2 PINZH 2N
HMESIRE 7 F LR BT K, 7 SRR A LEAE AT PO R A S ST I AL A0 RS, SR e R AR 5% X ) 1k 3 A —
SE T o

FEfm R SHEERERT, WGERSEX B AR B iR e, RKAEHGE, Y R
M X o Pl 9(e) e Sk ima DR il X AH S5 . P W B X R RS AR R R, FOA 122 um, J& T8 A
Fe Sk R RS B R AT B o R B XA AT o i SRR B B, IR SR B AR IR 221, S E)
PETR R M-A 4070[13]. IF HAL X ESUN AF. GB flIZb & PF, 55 % &5 N[14]R125 5 A8 [151%5 AW 7¢
R, URAX FARAESY AF A GB B, BAEREIPIME. 22 BfE, &K BSRHEC, EEEeT Ly
REMRIE. & 9(f) ARAGEM XYl IX 2L, Fkigi/h, RSHE 5 um~30 um 2 [7], =2 H 40/ BF F PF
PR, Sk O 2 A X 4.

3.2. eI

AR EURE T T30 a0 ] 10 P o B m) B 4 ASEFE BT 38 FE (Rm) 73 714 679 MPa. 669 MPa.673 MPa.
678 MPa, WrZdf BILERAE, WiETES I 10(a). & 10(b) AR e Rl 5 iRFE, 5 4 NAIREE T
IR SE R AR LR R RE B IR TR (Ren) 7E 660 MPa LL L, HiH i (Rm)7E 710 MPa DAL, S
FHEG, RGN PR R E T &, J8 T UL, 64 P SN s E R ST FE VLR oK . S
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Figure 9. Macroscopic metallography and microscopic structure. (a) Macroscopic metallography; (b) Typical structure morphology

of weld zone 1; (c) Typical structure morphology of weld zone 2; (d) External submerged arc welding seam structure; (e) Coarse
grained zone structure; (f) Fine grained zone structure

9. RUMEHSHIALR. () ZYEM; (b) BEXABBATI 1; (o) BEXBEBARLR 2; (d) IMEITIFELEHL;
(e) HMXAL; (f) WBXER

@ (b)

Figure 10. Tensile sample. (a) Morphology of transverse tensile sample; (b) Morphology of full-weld tensile sample

10. RfikAE. (a) HERRERS; (b) SRERRIAERLR

Table 4. Results of full-weld tensile test

4. 2RERRREER

P Ak Ren/MPa Rm/MPa W5 K 21% T T WS 4 221 %
T1 ®5 669 715 25.0 69
T2 ®5 694 736 255 72
T3 @5 671 711 275 71
T4 ®5 684 730 28.0 75
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AR AE 259 LA L, WA 5 E 659% LA L, ST REE R A BT R L AR o R BILHH 1 v (R 2B PR AR T
F-4% < JaR A DRALE i 93 52 P [R] It A T A v PO 24
11 R ZIREBEWTARE, I RER IR WAR TSR], 2 Rl HE W 45 SR AT S A SR R

Figure 11. Notch hammer fracture sample

11. ZItESERTINAE

12 B R IS R S AER I AR ARG R, # B RIFIE ke .

'“liilu;fi;

Figure 12. Bend sample
12. THRIH

13 A R BOREA B vp b e . T, ASEECREA, B WM piiti THEE 150 J-220 J 2], HAZ
M DR 210 J~300 J 2 [8]. WM Fil HAZ it WS D5 S IR AR e 1k, HeskrhifitiRe RiF. ANAHK
FELL B b ThAIALL, REAWT T B GMAW + SAW T2, RIFHIfER 7 i tEfe B B ), JR R 2
IR EA GMAW &AL B R, (Ha2 R4 SAW IR, E1ENes:, IRz, A SAW 8 T-F%
LB R, G T AT AN FA BRI S 0 . 456 B AT SEM WSS, SR 5E UG R
JRIREY e eIE, A0 B ENIE T gk b e AR . 2% BT S, GMAW + SAW Xt
PR R B e R et BB R . IR Tk, WM by T AT HAZ, J&
KI5 2H 230 GB ZREEFI N SIS TE 73 L2k A TEAH %

S RIS 25 RO 14, B2 B B A 7E 180 HV10~250 HV10 2 7], & BATARUEXT X80
NSRS P ) B R o AN A7 B A R AL R HU AR AL, HAZ XIS A, B4 (BM, Base
Mental) 5 WM Hii 5 {1 AH T .

] 15 CTOD X645 5, CTOD {4 T 0.254 mm, FFEIATHRAEESR. 0 A, 3 AL 6 =AM
& CTOD {HAf®L, FHIEAFEA BRI R R E. HAZ &4 CTOD i I HAEN R E, WM
4t CTOD fH B &1, (HREER S . HEg R FEES R4 2 GB MIEREM N FMEURE 7
FHERIIAAAER R
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Figure 13. Impact test results
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Figure 14. Hardness test results
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Figure 15. CTOD test results
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4, 4Eig

(1) R GMAW + SAW 45 T 21 F F Wl # 2 2 5 ST 154 56 T X8OM B AN K&
TR, PR R ST T 0 ds . 516% GMAW LML, 1% T 2R E 2Tt .

(2) WRIEHCSLIERIL R, MR T A B R vh R R A7 B 0P B A 1), T DA R AT AR HE R
GMAW + SAW 52 T Z3&E F T X80M & LR AR XL 1) Uil JE % -

(3) 1R82IX GB HMEAERMPN . FMHIEE 75 FERHIMFE S FRURLE X PIE R, BUEIREEX bt
PR CTOD EAC T #GEmI X o @ 0t — IR AT AL IR G2 X IPERG R 3R, 48t AR R4 15 Tt 4
it T 337 WU TR 4
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