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Study on the Dual-Welding Process for Thick-Walled 15CrMoR Steel

YUAN Hao, LIU Guohui, YIN Runbang, JING Deyang, LI Yong

Dongfang Boiler Group Co., Ltd., Zigong 643001, China

Abstract: To address the challenges of welding efficiency and quality control for 60 mm thick 15CrMoR heat-resistant steel
plates, a butt welding test was conducted using a twin-wire gas metal arc welding (GMAW) process. The microstructure evo-
lution and mechanical properties of the welded joint were systematically characterized. Results indicate that optimized twin-
wire GMAW parameters achieved defect-free single-side welding with double-side formation, exhibiting no pores or inclu-
sions. Microstructural analysis revealed that the weld zone primarily consisted of bainite with minor acicular ferrite. The
heat-affected zone (HAZ) exhibited significant microstructural heterogeneity: the coarse-grained zone (CGHAZ) comprised
coarse bainite and granular bainite, while the fine-grained zone (FGHAZ) contained a fine ferrite matrix with granular
bainite. The base metal displayed a typical ferrite-pearlite structure. Mechanical tests demonstrated that the joint tensile
strength reached 502-504 MPa, with fractures occurring in the base metal, showing ductile fracture characteristics. The
room-temperature impact absorption energy of the weld and HAZ ranged from 150-180 J and 223-282 J, respectively, both
exceeding standard requirements. Microhardness distribution indicated the highest hardness in the FGHAZ (approximately
220 HV) and the lowest in the base metal (approximately 150 HV), while the weld and CGHAZ exhibited intermediate val-
ues. This study confirms that the twin-wire GMAW process, by synergistically controlling heat input and interpass tempera-
ture, effectively suppresses brittleness in the CGHAZ, balancing welding efficiency with joint strength and toughness.
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Table 1 Chemical composition of 15CrMoR (wt. %)

C Si Mn P S Cr Nb
0.08~0.18 0.15~0.40 0.40~0.70 <0.025 <0.010 0.80~1.20 —

\% Ti Mo Ni Cu B N
0.80~1.20 <0.30 <0.30 — —

%2 15CrMoR /1%#1HEE
Table 2 Mechanical properties of 15CrMoR

BUrhrm Jat R i A )
/MPa /MPa 1% (20 °C)/KV,/J
450~590 >295 >19 >47
_|12°205°
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=l

s i
qb/ 14+5

1 60mm/E15CrMoR O
Fig.1 Schematic of the 60mm 15CrMoR joint groove

%3 ER5S-B2REZUZWS (RENE, %)

Table 3 Chemical composition of ER55-B2 (wt. %)

C Mn Si S P
<0.15 0.60~1.50 0.30~0.90 <0.010 <0.020
Cr Ni Mo Cu

1.00~1.60 <0.20 0.40~0.65 <0.35

%4 ERS5-B2IEZ1Z1%RE
Table 4 Mechanical properties of ER55-B2

P g it i B2 SRR (0 °C)
/MPa /MPa 1% IKV,/1
>550 >470 >19 >54
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Fig.2 Schematic of the twin wire welding system
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Fig. 4 Microstructure of different areas
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Fig. 6 Hardness distribution of the joint cross section
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Table 5 Tensile test results of welded joint

IR S B/ mm JELRE /mm T AY/mm? SAHAT/N BiisiE/MPa WA B R IE
1 252 143 360.36 181 579 504 BB, LT
2 25.5 228 581.40 292 602 503 BERE , PIPERTRL
3 25.1 13.5 338.85 170 073 502 BERE , pIE TR
4 25.0 227 567.50 285976 504 BEMF, BIPET R
®o BATHARER DL TR A 5, T 240 it DX ) 6, 5 41/ ) Bk 3R A AR A
Table 6 Bending test results of welded joint *@Ui)'_l EEM:O
PSR mERE WA (3)15CrMoR B2 U At 3k 1 e R RLUT,
G B S /mm /mm /(°)
s 0w e e ESKHURIEREE Ry 502 MPa, BRI 67 T
2 s 10 40 180 JF%10.30 mm BERE, Sy LAY (R 457) P Uy 8 5 AR 4% 4 i 2 3 v s I i
oo Mmoo 180 JRELSOmm o i>150 3, BB X A =223 T, Bk A
4 s 10 40 180 JCIT e A B o
*F7 BELMFLEER
Table 7 Impact test results of welded joint %%iﬁﬁ :
WS WRIESC  BORCR s (KV2) (1] GB713-2014, # Ik Jy 28 d AR (S 1.2014.
13 Eif HIG X 223,237,282 (2] FFHEL.15CrMoR SV &% R4 [T ] SR HEHR L 2004
4-6 it 4 180,164,150 (06) : 64-65.
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Fig. 6 SEM image of the joint tensile fracture
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