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Welding Process Research on Precipitation-Strengthened Low-Carbon
Nickel-Copper-Chromium-Molybdenum-Columbium Alloy Structural Steel

HE Jia, HOU Jinzhu, HAO Xiaowei, MU Yunping, HU Yaofeng
CRRC Tangshan Co., Ltd., Tangshan 063000, China

Abstract: Precipitation-strengthened low-carbon nickel-copper-chromium-molybdenum- Columbium alloy structural steel
ASTM A710 Grade A Class 3 was welded to itself, to low-alloy high-strength steel ASTM A588 Grade A, and to cast steel
AAR M-201 using the gas metal arc welding (GMAW) process. The effects of different preheat temperatures, interpass tem-
peratures, and groove configurations on the quality and mechanical properties of the welded joints were systematically inves-
tigated. Joint performance was evaluated through visual inspection, radiographic testing, tensile testing, bending testing, and
impact testing. The results demonstrate that for material combinations of ASTM A710 Grade A Class 3 with itself and with
ASTM A588 Grade A, the minimum preheat and interpass temperatures must not be lower than 10 °C. For the combination
of ASTM A710 Grade A Class 3 with AAR M-201 cast steel, the minimum preheat and interpass temperatures must be main-
tained at or above 150 °C to prevent cracking and porosity. Welded joints of ASTM A710 Grade A Class 3 with different
groove designs exhibit excellent tensile strength, favorable plasticity and ductility, and both the weld metal and heat-affected
zone demonstrate outstanding low-temperature impact toughness at — 39.9 °C. Furthermore, joints between ASTM A710
Grade A Class 3 and dissimilar materials using identical groove configurations also exhibit sound tensile properties, good
formability, and satisfactory low-temperature impact resistance, meeting the requirements of AWS D1.1/D1.1M and AWS
D15.1/D15.1M.
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Table 1 Chemical composition of test materials(wt. %)

g C Si Mn P S Cr Ni Cu \Y
ASTM A588 A% 0.01 0.34 1.16 0.016 0.003 0.42 0.032 0.3 0.046
ASTM A710 A% 33K 0.04 0.25 0.55 0.007 0.001 0.69 0.83 1.14 0.003
AAR M-201 <0.32 <15 <0.9 <0.04 <0.04 — — — —
ER100S-G 0.12 0.67 1.36 0.015 0.014 0.58 0.52 0.04 0.01
FR A8 I 5 75 oK Mk B 6, il 45y R2 KBRS
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H o ASTM A710 A% 3% >585 >550
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Table 3 Welding test plan

5 Y WA
ERLAL A i
5 P B BEEeC

1 ASTMA710A%%325+ASTMA7I0AZ33% 8HV  10.50
2 ASTMA710A%%325+ASTMA7I0 A% 32 4DHV  10.50
3 ASTM A710 A% 324+ASTM A588 A%  8HV  10.50

10,100,
4 ASTM A710 A %% 3 2+AAR M-201 SHV 150

MR A 4F T, ASTM A710 A 4 3 R [Rl ik 11
AL T 205
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Fig.1 Groove details of welding test plate
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Table 4 Result of preheat temperature and interpass temperature test

1-1 R 1 10 IREERUY AT, #56 AWS D11 25K
12 1 50 FREEUE RAF ATH AWS D11 20K
2-1 IR 2 10 IREERUY AT, 456 AWS D11 2R
2-2 2 50 FREERUE RAF ATH AWS D11 20K
3-1 R 3 10 IREERUY AT 476 AWS D11 2R
32 3 50 FREERUE RAF ATH AWS D11 2R
4-1 54 10 SRR, FTIRCHR I DY 2R 4L
42 it 4 100 JRAESR IR, AL

4-3 150 4 150

22 BEIZSH

SR FH 2.1 77 6 0 114 I R R )2 ) ok
TPEEAAL . IREERUE RAT , ST il R A A
FL . Je g e R A b . R R T
SN S N .

JREE Y KA 455 AWS D15.1 25k
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Table S Welding parameter
B AR R R BREE SEAREA BRI
FE R /A N /(mmes™)  REEEESC /(K mm™)

1 256 26.8 10.21 17 0.67
1 2 250 264 8.23 21 0.8
3 250 26.4 9.9 20 0.67
1 256 26.8 10 19 0.69
2 256 26.8 9.23 22 0.74
3 256 26.8 9.38 20 0.73
? 4 256 26.8 9.2 15 0.75
5 256 26.8 7.41 21 0.93
6 256 26.8 10.17 20 0.67
1 256 26.8 7.28 17 0.94
3 2 250  26.4 6.52 19 1.01
3 250  26.4 9.82 23 0.67
1 264 268 6.67 150 1.06
4 2 248 264 9.34 155 0.7
3 248 264 11.54 154 0.57
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3.1 HfHilg
I3 BIRHREE 135 2 a6 3 FHE: 4 A%
S REA TR, A 2 I Y KR R B2 A
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Table 6 Results of tensile tests

e RSF bubimE Rl o o

e - WAL
¥ /mm /MPa /MPa

8x20  655.7,652.1  653.9 Rl

8x20  647.2,660.9  654.05 BERA 7

8x20  639.4,631.8  635.6
8x20  629.9,615.5  622.7
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Table 7 Results of impact test

RN § . M
F5  /mm it Akv/J /°C
TEEE 62
1 5x10x55 JEA2k+1 mm 110 -39.9
YA E+5 mm 116
sk 46.3
2 5x10x55 WA 2E+1 mm 93 -39.9
KEAER+5 mm 118
Tk 34
JEAZE+1 mm(A588 1) 32
3 5x10%55  JEAEZ+1 mm(A71011) 92 -39.9
JEAE+5 mm(AS588 ) 373
A Z+5 mm(A71011) 102.7
sk 36
AL+ mm(A71010) 73.7
4 5x10x55 A E+] mm(M-201 1)) 14.7 -39.9
SEAEE+5 mm(AT1011]) 108

P ER+5 mm(M-201 i) 26.3

A710 A 2 3 25 H1 AAR M=201 F A RHH &, fc i i
SRR 12 ()L B 4 7 150°C LA i, 4% o
B IEAE T I

(2) 7 A3l TR EE A2 MR 2500 R, AN TR
W A ASTM A710 A 9% 3 28 i he 2 Sk B 2L
A R PThism g, B R Ar 5 bE K ek | i
ARSI A X X HA R AP AR b 304

(3) 75 203 TR A2 AR 4408 R, A TR
PR 19 ASTM A710 A 2% 3 28 5 R [ AR &
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P B AT R T ELARLS% A IR X 2 B B AR
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