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Study on the CMT Downward Automatic Surfacing Repair Process for
Overheater Pipelines
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Abstract: To address the thinning and cracking failure issues caused by high-temperature corrosion and particle erosion in
12CrIMoV steel superheater tubes of ultra-supercritical coal-fired power units burning high-sulfur coal, a repair method us-
ing CMT downward vertical surfacing with ERNiCrMo-3 nickel-based welding wire was proposed. The effects of wire feed-
ing speed (7-11 mm/min), oscillation forward distance per cycle (1-5 mm), weaving width (5-9 mm), and welding speed
(200-400 mm/min) on weld bead formation (weld width, reinforcement height, contact angle) were investigated. Microstruc-
ture and mechanical properties of the surfacing joints were systematically analyzed. Results indicated that wire feeding

speed (current, voltage) and welding speed had relatively significant influences on weld bead geometry. The oscillation for-
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ward distance and weaving width optimized weld overlapping quality through contact angle adjustment, while reinforcement
height could be controlled by oscillation forward distance. Under optimal process parameters (wire feeding speed: 10 mm/
min; welding speed: 300 mm/min; weaving width: 7 mm; oscillation forward distance: 3 mm), the surfacing layer thickness
reached 2-3 mm without defects like cracks or porosity, achieving metallurgical bonding with the base metal. Mechanical
testing showed the surfacing layer exhibited an average hardness of 233.4 HYV, higher than the base metal's 157 HV. The
shear strength at the fusion interface reached 545 MPa, exceeding the required standard for base metal (490 MPa). Micro-
structural analysis revealed vy solid solution + precipitates in the weld zone, bainite in the overheated zone, bainite + minor
pearlite in the normalized zone with significantly spheroidized pearlite, ferrite + bainite + pearlite in the incompletely nor-

malized zone, and ferrite + pearlite in the base metal. This study provides reference for efficient and high-quality repair of

12Cr1MoV superheater tubes.

Keywords: CMT Downward position; surfacing welding; ERNiCrMo-3; 12Cr1MoV; welding procedure
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Table 1 Chemical composition of Q355 steel (wt. %)

C Si Mn P S Cr Ni
0.16 0.14 0.66 0.016 0.01 0.04 0.02

&2 12CrIMoV IR ZEM S (RESHL, %)

Table 2 Chemical composition of 12Cr1MoV steel (wt. %)

C Si Mn Cr Mo A% Cu P N Ni
0.094 026 0.56 1.04 0.33 0.19 0.0057 0.014 0.0048 0.028
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Table 3 Chemical composition of ERNiCrMo-3 welding wire (wt. %)

C Si Mn P Ti Al Nb+Ta
0.013 0.1 0.06 0.004 0.19 0.1 3.6
Cr Ni Fe Mo Cu S
22.07 64 0.18 9.35 0.02 0.002
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Table 4 Build-up welding test parameter ranges
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Fig. 1 Influence law of process parameters on weld bead formation
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Fig.2 Weld surface formation of build-up welding
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Fig. 3 Physical specimen of shear sampling
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Fig.5 Microstructure morphology
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