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Research on MIG Cladding Repair Technology for Water-cooled Walls in
Ultra-supercritical Boilers
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Abstract: To address the thinning failure of water wall tubes in coal-fired power plant boilers, this study proposes a repair
method using MIG vertical-down overlay welding with ERNiCrMo-3 filler wire. The influence of welding parameters was
systematically investigated to optimize the process. The welding stability was verified through visual inspection (VT), radio-
graphic testing (RT), mechanical testing, and metallographic analysis.Key findings include: The corrosion depth was mea-
sured at approximately 450um.The similar thermal expansion coefficients between the filler wire and base metal (15CrMoG)
prevented interfacial delamination.Both VT and RT results met Class I acceptance criteria. The shear strength reached 491
MPa, exceeding the standard value (440 MPa) of 15CrMoG base material.No cracks were observed in side bend tests.Micro-
structural characterization revealed: Weld zone: y solid solution with precipitated phases.Overheated zone: Bainite. Normal-
ized zone: Bainite with minor pearlite. Partially normalized zone: Ferrite, bainite, and pearlite. A slight hardness peak in the
coarse-grained zone was attributed to bainite formation. This study provides technical support for overlay welding repair of

water wall tubes and offers a new approach for practical maintenance applications.

KRB 2025-07-19  fEEHHI: 2025-12-18
EEREI: 5k #2(1975—) , SR TN, FZNFEE & Jm e AR ERR 2158 . E-mail : 865620690@qq.com.
WIER : 22000 (1989—) , i TRRIT , T2 F it MR DT B4 T 297 & o E-mail:jiangyinglong27@163.com.



55 2 1) gk %, S RIS BRI RE MIG HEFMBRE T 25 57

Keywords: MIG downward; surfacing; ERNiCrMo-3; welding process translation

S AE k%, ARSI, ik, 5F LRI SR K BE MIG HERME S T 2098 [T, HARAL,2026,56(2) : 56-62.
Citation: ZHANG Yan, SHI Tianqi, WANG Qiang, et al. Research on MIG Cladding Repair Technology for Water—cooled Walls in Ultra—

supercritical Boilers[J]. Electric Welding Machine, 2026, 56(2): 56-62.

0 —_r i

[l

i

R R I S o 7KV B A I IR AR T s T L = R A
R ARG IS T, 23 R A R ik | 450 R T 24 1) 21
S PEE R IR B 2 A ia AT AV A . AR SRR
AR B KV BEAS [R] A AZ 5 AN [
AR R A E KR BE R 7 =, AR & . R
SRR REMIEE TAE A 2R TR

H % M AR KRR IS, Ao
LS 1R o R AR LIS IR 2 B0b
RHBREE FIPE R R A OCEE ) 2R BB R AR AR M
BHA SR A 2 Ak, 52 0 AH G IR & I IR % 4
Zheng 55 TN R I S5 7 7K v BE SR 47 AR 1 O K
SEIEIRWT 2L, &8 T AN 1 L, KR BEAE 22 (R A
Tt KB F B R . X TR
FHAR AR 2 09 )5 R AU D m il R AR T
TR = A AR AL BESCAE B . Nachimuthu 55 A
KRB E IR IR — R 7 X L A
B 94 PR, B ERNICrMo—-3 HEdR 2 BA 1 5+
T R T e . Bk RS SR TT R F B TIG 4%
T 235, % 15CrMo /K& BES BT IR IB 2, i e
TRETZHTKEBEEREE N T, &
UK R R ARSI E R BRI 22
YIRSV TIG AR LA S MIG JE A J 4 7 2,
AEXS T, MIG A5 8 HE AR AR 35 T 1 9IURR B AR
40% , HHEXRBCR LT TIG ##4%.

25 bR, A SCER T 15CrMoG IRFE 2R 20 7K ¥
BE HEATHERME B T 2000, 745 I ROR 1) [
A PR AUE 3 3k 07 27 1 R 2 AH DS 2R, 7R B S At
L AR TR K Rl G e =,
DL T KV BEAS ) AR AR M RE AN FH i o

1 XM R TTE

P 15CrMoG (ARA% R B8CE ) AE AR IGFE 44, FIL

¥4 : 240 mmx1.5 m, BEJE 8 mm, ELRAL 7 0 11 WL
1, K BEBER 5 /2 GB/T 5310—2023 (/= JE#4
W TJCAE ) B AR HEBER , IRBE R BROK & BEAE 2
SEBRAREE TOLULIE 1. HERR T2 R H ERNiCrMo-3
Yoy W22 EAR K 1.2 mm, HiAb Mo E B 2,
FL 243 L GB/T 15620—2008 (55 M 5 4 4 15 22 Vb
WEELR o RGBS M ITUEALER A T RS , KUKA HL
AATLS KRCA, JEHLELNS A 4 JE T TPS 5001
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Table 1 Chemical composition of 15CrMoG steel (wt. %)

C Si Mn Cr Mo Cu P S
0.16 0.24 0.52 0.96 0.46 0.064  0.008 0.006 7

®2 RBRAWZMS (RESH, %)

Table 2 Chemical composition of 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

B KSR (RFAR)HEZETR

Fig. 1 Service-failed water wall tube + welding condition
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Table 3 Chemical composition of oxide scale (wt. %)

C (6] S K Cr Mn Fe
3.73 29.31 0.58 0.17 0.71 0.34 65.17
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Fig. 2 Sulfur element distribution map of the water-wall tube (fireside)
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Fig.3 Thermal expansion of base metal/weld metal
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Fig. 4 Microstructure of the water-wall tube
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Fig.5 Rust-removed pipe and welding operation conditions



5521 1S

%%, S RN BRI BE MIG MESMB S T 205

59

IR AT R AR RS IR B IE K
JEE TR PR ER KRR TR A T AR AR AR O

I-'-)"é'?“ﬁ—t 19 —— 1] 20
0.8 {—e— k&7 " o 5| TS|
P --—_.___ /l 60
%‘té 0.6 17@ E-% 20 - - ~——a %
04 15 a0
- 15
15 \/\./'/' 20
0.2
7 8 9 10 11 4 W7 8 9 10 1
()i 22 - TRIE5E) (b) 3% 223 - (e Al )
4 g 22 — ==
o —e— i o, —e— Fifii | 40
\- 20 4 \.\
2 N [ 58 ~. |}
18 = '\.__-_4__‘___: zuﬁ
2 .-_.___‘_‘_.. 2 L
16
<4702 03 o4 02 03 04
HAE fidia
(e) IS - (R IE TE) (F)JEE T 32 - (A A A )
S [y 24 TR 80
11—e—f57r 4T-e—fERA
- " |21 ko
% 0 @ iE . &
ig IH_B;é o Z
-1 .—-—'—"‘4““——__.._,__. - 40
-2 15 o .___,_--.—————. 20
P e e e s S ¥ 5 4 3 2 -1 0
R LT

(DI IE- IR 5E) (DIKAZIE- (/A A1)

TN B IR A A~ R M) DR 2 -5 0 7 L A9 X B2 3%,

Qg AN ST IINEEN Y SE S P T
= i 23 CE )| 80
It e— / h —e—El A | 60
y 18 o 2.2 49,—;—-
Li‘; 0 :7"_' gz O Ne—e—* [20E
- 2.1 — i
16 \ 0
-3 2.0 =20
1 2 3 14 1.0 1.5 20 25 30 35
[ 9
() KB -UBTRIESE) (DREE-(Rm Az A)
0.8 R K )
(e K] » N 42311 60
0.6 / - —a ./'-—-n
E’E / Al :; ot ® - g
o4 —— w0 \/‘\ a0
0.2 1
/ T .\-
0079 10 1 12 0% T 9 q0 11 12 2
G EEGE-UEBRIETE) (h) 8- (/A )
= 4 -
L5 Em— i e
o= fii|24 ] Fe—Eiis
LOf & — o e —" " 160
S R |8
05 g— " = E S ", 10
0.0 12 ! bo
-0.5 6 T T T s e 1

1112 13 14 15 16 17
T T

() - CRF TR 5E) (D H-CRrmAZ )

B6 MY EhsNE =S E R

Fig. 6 Dual-Y-axis plot of influencing factors vs. response behavior
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Table 4 Overlay welding parameters

LT IR K IR 1E%E EshEIAET
/(mm+ min™") /(mm-min”') /mm A% /mm FE B /mm
9 250 15 -5 10 1.5
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Fig. 7 Overlay weld penetration in the water-wall tube
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Fig. 8 Microstructure of the Joint
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Table 5 Tensile test results of the joint
HEE RS dmmA R puisRE R R
H5 /mm /mm? AN /(N-mm?) i /°C
1 1.5%10 15 7.36 491 SR5E 20

9 HIAEERE
Fig. 9 Schematic diagram of tensile test specimen
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Fig. 6 Schematic diagram of tensile test specimen
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