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Microstructure and Mechanical Properties of Q690D GMAW
Multi-Pass Welding Joint
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Abstract : Under the condition of no preheat and post-weld heat treatment, the multi-pass welding test of 20 mm thick
Q690D TMCP steel plate was carried out by using gas metal arc welding (GMAW) and cored welding wire CHW-80CI1. The

microstructure transformation characteristics and impact properties of the welded joint were analyzed. The results show that

excellent welding joint can be obtained by using CHW-80C1 welding wire. The weld metal microstructure of each pass of

Q690D are all composed of granular bainite, a small amount of acicular ferrite and proeutectoid ferrite. The heat affected zone

consists of granular bainite, acicular ferrite, proeutectoid ferrite and M-A components. The impact absorption energies of the

weld metal (WM) and fine grained heat affected zone (FGHAZ) are lower than that of base metal. The fracture modes of the

WM and FGHAZ are ductile fracture.

Key words : Q690D steel; gas metal arc welding(GMAW); microstructure; impact toughness; fracture
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Fig.1 Microstructure of Q690D steel
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Tab.2 Mechanical properties of Q690D steel

Ro/MPa | R/MPa | A(%) 20CKV/) | HEEHVIO0)
854 897 36.3 257,297,233 276~290
75, Q690D A9 HLAT KL 4f 38 3 R 135 5 9 B0 1

1.2 BETZ
W8 GB/T19869.1—2005 i #& 45 33 XF 22 e ik

{7, iR
P gmp:

ULk

A 46° 511 2mm, K H:
Ry BRI & AR FS00 BHL, 22 % F
# 1.2mm 1) CHW-80C =2t

sF 4 500 mmx200 mmx20 mm , il TEE \Y%
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SRRz RPTVEAER R 80%
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Tab.1 Chemical composition of Q690D steel (Wt%) WA A2 g W3R 3, 1 T 228003 4, 1Al
S C | Si|Mn| P S | cr|Mo|Ni| Nb | v [cu NlARBEITERES WO FTE  EA TR AT PR S
0.09280.187|1.215/0.00715/0.00254/0.478|0.4020.8220.002600.03800.246  J& Ji5 PR 4b B 1Y) 25 14 T 47 M 4% 1055
x3 BLHOUERT(RESE, %) HFE MR
Tab.3 Chemical composition(wt%) and mechanical properties of the welding wire
C Mn Si S p Mo Cu | Ro/MPa | R,/MPa A(%) |-20C KV/]
0.076 1.860 0.520 0.006 0.007 0.600 0.210 700 820 18 70
x4 BEIZBY @it S AL OLS4100 #8063 4 W B 17 W i
Tab.4 Welding process parameters HAMEL ] ZBC2752-8 ik i L %4 ASTM
| LI IR U | el | 4
t 45 = — (in-min®) | fineminy 37020 P 35 5 k7 AE HUAN fin R W DX o )
1 180~200 25~26 260~280 18~20 PE i R B BURE O Y 5 B S A5 48 L3R T 2 mm
> 210~218 |  28~29 310~320 15-16 fb A FE RS 2 10 mmx 10 mmxS50 mm, @R FE 2008
34 200~210 27~29 300~310 15~16 VB TERREE S A AR I X 2 L 3 s s R 1
548 190~205 23+ 310~320 15~17 %{E,# HF-20 20°C . K485 (SEM) X 4% 5 7]
9 170~180 25~26 230~240 18~19 PG ) XA ks R 1T RSO0 I 35 A T AR5 5 40 A
10~11 150~170 24~25 230~240 18~19 ‘
7F : 1 in/min=25.4 mm/min ﬁt Hﬁ zE % 5 ﬁ *ﬁ
1.3 K HIE 2.1 EEHFEMHR
MAR R EHORE , SR 2% Al B2 05 K 1 TR 2 IR IE R 2 WIES . mIE 2 (a) . (b)A]
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Fig.3 Microstructure of each region of the weld metal shown in Fig.2(c)
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Fig.6 Impact fractographs of the weld metal and FGHAZ
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