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Research on automatic GMAW welding of thick-wall furnace tubes and

thin tubesheet in waste heat boilers

GAO Shenhua, YANG Pingping,ZHU Ning
(Sinopec Nanjing Chemical Machinery Co.,Ltd., Nanjing 210048, China)

Abstract:To address the issues of low efficiency and poor quality stability in manual welding of fully penetrated tube-to-tubesheet
joints in thin tubesheet waste heat boilers, a combined process scheme using manual gas tungsten arc welding (GTAW) for root
pass and automatic gas metal arc welding(GMAW) for filling and capping passes is proposed.The results show that this scheme
successfully achieves high-quality full penetration welding, with welding efficiency reaching 3~6 times that of manual welding,
and has accomplished product manufacturing and years of stable operation.The study provides practical basis and reference for
the mature application of automatic GMAW technology in pressure vessel tube-to-tubesheet welding.
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Tab.1  Evaluation item table for combined welding process of waste heat boiler tube-to-tubesheet welds
F5 WEEBH PRI VEE R FHE /mm SR {RAP K
1 B 2 GMAW Q345R 5=14 ER50-6 80%Ar+20%C0,
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30 ORISR GMAW Q345R 5=14 ER50-6 60%Ar+40%C0,
ER50-6(GTAW) 100%Ar(GTAW)
& X
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Tab.2  Chemical composition of Q345R test plate and ER50-6 welding wire %
i H C Si Mn P S Mo Ni A
Q345R 0.150 0.400 1.450 0.010 0.005 0.006 0.010 0.001
ER50-6 0.068 0.850 1.460 0.012 0.010 0.007 0.013 0.004
w3 Q345IARF ER50-6 IR LR F1F 1 A2
Tab.3  Mechanical properties of Q345 test plate and ER50-6 welding wire
i H PihisifE R, /MPa JE B R, /MPa W7 J5 K 2% A/ % TR B A, /)
Q345R 540 385 29.5 148,162,132(0 C)
ER50-6 545 448 31.5 82,86,74(-30 ‘C)




84 PRESSURE VESSEL TECHNOLOGY Vol.42,No.7,2025
x4 HEEFEXAREETIZSH
Tab.4  Welding process parameters for butt joint qualification test plate
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4~5 GMAW  ER50-6 1.2 180 26 DCEP 3.0~4.0 12
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Tab.5 Welding process parameters for tube-to-tubesheet joints
. , Ly . . SRR / e/
WOV BT AH R SRA UIULEN i oo RO
1 GTAW  ER50-6 2.5 160 14 DCEN 1.5 12
2~3 GMAW  ER50-6 1.0 175 25 DCEP 2.5~3.0 15
4~9 GMAW  ER50-6 1.0 190 26 DCEP 3.5~4.5 15
10 GMAW  ER50-6 1.0 160 24 DCEP 3.0 12
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Tab.6  Mechanical property test and macroscopic metallographic examination results of welding procedure qualification
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Tab.7 Welding procedure specification for tube-to-tubesheet
T ; TR/ AU
SH R AH WS BERA GEN g e RIURE
(mm-s™) (Lemin™)
K GTAW  ER50-6 2.5 140~160 12~14 DCEN 1.5~2.0 12~14
Hw GMAW  ER50-6 1.0 170~190 24~26 DCEP 2.5~3.0 15~20
#I GMAW  ER50-6 1.0 150~170 23~25 DCEP 3.0~4.0 12~15
5 S AR 34 . SRFFIR 9 LHEA Ar
=A

(DB FEAR TR R R AT T2
5 TR, KL T TR B SR . M
KL MV E RIS AT R REE T — BURIER I
BT BRI AR T R, e 2 UM 58 1% 4% 1)
ARG

OFE TEBCR AR AR 7 e , 7
PR I8 BIHEFE AR AR DR AR 1 5~6 15

AR EEAR T AR AR MR TR SRR R N A
Bfo ZILZFEN A TR To5 s, Bt
TIRIRA PR

WA AR R B B T EBUR TR
HUINH, NI SR ashligseft r ZHES%. [
FUBARM G e R R R BRI 2k
PSR HEREAT WA B2 N S A
JI TS A AR E B



86 PRESSURE VESSEL TECHNOLOGY Vol.42,No.7,2025
% . [J]. BHE R ,2016,26(15):72.
= %irﬁk : LUO Y. Analysis problems and solutions during
(1] M, Wk, s, 2 oS s g b 5 4k developments of gas metal arc welding [J]. Science

PR P 8B T2 R 1] MR Y, 2020, 53(3) :

and Technology,2016,26(15):72.

135140, (O] HSWI%, AT, AN, 2 4 AR B & e U A
- . T e .
XIAO W W, YAN Y B, YANG J B, et al. Overview of B TICHER T 2850 RS L] R Dy 8%, 2024,
failure and welding procedure of weld seams between 41(9):16-22.
tubes and tubesheet of heat exchangers[J]. Materials ZHENG M T, WANG L, ZHOU X L, et al. Research
Protection, 2020,53(3) : 135-140. and application of double tungsten automatic TIG for
[2] 5 BB ARFMIM] B FER22HA tubesheet cladding nickel base alloy [J]. Pressure
T AL 1993 Vessel Technology,2024,41(9) :16-22.
. ) ’ ‘I Y. I ’ g = - [& ) - .
ZENG L. Handbook of modern welding technology [10] iﬂ(ﬁ KA, kL 'COZWMZ??FLFE%%XFEjJ
[M]. Shanghai: Shanghai Science and Technology A IR LY. SR L G 2010€6) «
58-61.
Press, 1993.
. . _ YU Y Q, LIU H L, ZHANG K. Applicati f
[3]  MAFSEN, 6, S0t 2 R &R b RHIO AR T o El g L ARG B Applanon ©
[y 718 4 ,2024,47(8) : 79-81. » shielded we 1n.b in boilers and pressure vesse
ANG L Welds [J1.MW Metal Forming,2010(6) :58-61.
JIEL L, WANG F,SHI H'Y, et al. Welding processes [11] AR CON AR 5 206 P o 725 5 o 7
for different metal materials [J]. Shanxi Metallurgy , (1L 4R AT AT ).2011(6): 62-63
P vl iy ’ H ! .
2024,47(8):79-81.
(4] IS, 4, T 4 i A I M 15 8 i i ZHAI F S. Application of CO, shielded welding in
’ = o ZIN TN “‘\'_._'#'_\_' j\_.
% . N . HE boilers and pressure vessel [J]1. MW Metal Forming,
Fe Ab kU 2k B A L) R A 485 2019,36(9) 011D 6763
. , L12] JHWN, 2578, BESCHE, &5 | B N StV 15 8 IR
HU G C, DONG J S, DING Y. Failure analysis of TR R b R A LT, B L 2022, 52.(8)
N . ) ’ H
leakage at the connection of heat exchanger tube and 113-118
tubesheet of waste heat recovery unit [J]. Pressure TANG L LI D, KANG W J, et al. Analysi
> L, ) > , et al. Analysis on
Yessel Techioiogy,2019,3;(9)fii—62.‘ - ) standards for welding procedure qualification of heat
5] ﬁ%%& B4, E,iﬁj(fi% 55 SEURPLEE IR ek transfer tube and tube sheet at domestic and overseas
95 57 75t o A S ARAGLT ] PLE TR, 2023,40C11) [J]. Electric Welding Machine, 2022, 52 (8) :
1794-1802. 113-118
XU S M, WANG L H, CHEN T M, et al. Fatigue life [13] WRdier . Jod TR M. Jb 50 KU Tt B
analysis and optimization of welded joints in stacker 2009
column-footing[ J].Journal of Mechanical & Electrical CHEN 7 N. Handbook of welding engineers [M]
Engineering,2023,40(11) : 1794-1802. Beijing: China Machine Press ,2009
LoJ  HoIE, A, SPIX €5 SRR TARMRER AN [14) g4, 735t 2, 50, %5 GMAW HEE 125
FOHTLI] R 07545 ,2011,28(4) : 28-34. Hont 5 4% B S RT gt ()], &8 i T CGRom T,
WANG Z, ZHENG J, MAO Q F, et al. Temperature 2023,50(6) : 20-25.
field simulation of the working process of coke drum GE J Q, WAN S Y, TANG X X, et al. Study on the
[J].Pressure Vessel Technology,2011,28(4):28-34. influence of GMAW automatic welding process
[7] ZHAN X H,OU W M, WEI' Y H, et al.The fea51b1hty parameters on weld forming [J]MW Metal Forming,

of an intelligent welding procedure qualification
system for Q345R SMAW.The International Journal of
Advanced 2016,

Manufacturing ~ Technology ,

2023,50(6) :20-25.

FEZ I« R (1967) , J MR RN » w5 s £, 2

83(5-8):765-777.
(8] M RN R AR A DRI AR A v £ ) A x5

NI 1 45 AR AR JBAS bk 210048 WL A B R T A B X
K HIEFENFH 15, E-mail : gaoshenhua0519@163.com.

A5 AER:

B W P, R T AR B 1 IR 11 B CMAW KRB 500 1. R 1128 3% 2025, 42(7) :81-86.

GAO Shenhua, YANG Pingping, ZHU Ning.Research on automatic GMAW welding of thick-wall furnace tubes and thin tubesheet in waste heat
boilers[ ] ].Pressure Vessel Technology,2025,42(7):81-86.



	3_压力容器2025年7期-目次+内文
	目次
	制造与安装
	余热锅炉厚壁炉管与薄管板自动GMAW焊接研究

	Contents
	Column
	Research on automatic GMAW welding of thick‑wall furnace tubes and thin tubesheet in waste heat boilers




