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Abstract: Double-wire submerged arc welding has the advantages of high welding efficiency and good weld quality, and is
widely used in the manufacturing of pressure structures in large hydropower stations. This paper uses micro-shear tests to
study the shear strength and indentation rate of Q490SD steel double-wire submerged arc welded joints under different weld-
ing speeds (55 cm/min, 60 cm/min, 65 cm/min, 70 cm/min). Results show that the welded joints of double-wire submerged
arc welding have the same plasticity and higher shear strength as those of single-wire submerged arc welding. When the line
energy of double-wire submerged arc welding is controlled between 28 and 40 kJ/cm, the quality of the welded joints can
meet the standard requirements. Moreover, as the welding speed increases, the grain size in the coarse-grained zone is re-
fined from 80.0 pm to 47.6 um, and the grain size is improved from 4.0 to 5.5. The refinement of grain size and the improve-
ment of grain size can simultaneously enhance the toughness and plasticity of the material. Particularly, within this range of
line energy, the welded joints with welding speeds of 60 cm/min and 70 cm/min have higher quality if the consistency of
welding current and voltage can be maintained.
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Table 1 Chemical composition of welding wire and base material (wt. %)

A C Si Mn S P Cr Ni Cu Mo Ti \Y%
Q490SD 0.07 0.18 1.37 0.002 0.009 0.02 0.26 — 0.12 0.01 <0.001
CHW-S7 0.095 0.13 1.90 0.004 8 0.008 9 0.042 0.028 0.12 — — —

F2 BALERS REHE, %) s
Table 2 Chemical composition of flux (wt. %) Pt R
#ME CaO+MgO+CaF,+MnO  SiO, CaF, S P =
<t
CHF101R 54.03 19.68 1879 0.015 0.029
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Fig. 1 Types of bevels and weld bead diagrams
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Table 3 Welding process parameters

i 24 SR/ (cme-min™)  ZRAEE (KT-em™)
1# 40 21.86
21 55 39.55
1T
3 55 39.86
1%
o 4t 55 42.15
R
5t 55 36.48
i) 6# 55 39.89
TH# 55 36.89
1# 40 21.86
24 60 36.25
1ET
3 60 36.54
2%
. 43 60 38.64
1A
5t 60 33.44
i) 6# 60 35.98
T# 60 33.82
1# 40 21.86
24 65 33.46
1ET
3# 65 33.73
35
o 4 65 35.67
MWi
5t 65 30.87
S TH o 65 33.21
7# 65 31.22
1# 40 21.86
) 24 70 31.07
1ET
3# 70 31.32
4%
" 4 70 33.12
Vi
5 70 28.66
i) 6# 70 30.84
T# 70 28.99
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Fig.2 Sampling method for micro shear specimens
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Fig.3 Schematic diagram of the micro-shear test process
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Fig. 4 Measured graph of shear force and tool displacement
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Fig. 5 Results of micro-shear tests in different welding processes
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Fig. 6 Microstructure of each area of 2# weld seam at 60 cm/min
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Table 4 Shows the average shear strength and shear indentation rate

of each area of the welded joint

PREETI9MH HAZV3(8 EZRRlE
i BUTER JEA HUOYER JRA L HUOER O JRA
JEMPa /%  JE/MPa F/%  JEMPa E/%

1# 501.3 71.3 421.5 66.2 448.0 68.9
2# 496.8 73.7 432.4 65.2 457.0 69.6
3# 461.5 67.7 428.9 69.6 458.9 69.8
4# 502.9 66.6 410.8 65.4 4472 67.3

SEHE NN JE BRAR , S 5T U0 A S K S b, BM B
) e 7 S 38 RPN, S 25 85 ) A S 38 in 5 ek
/o IE T 4#J5 4% 55 U1CRE B9 WM S35 85 D) a8 i 4G

TG BT SEE B U R AR e R RS BT
K, T HAZ (0734 55 5 B W SR 30 s 4 B ) bt
SR SR TR 7) DR SN % ) 212 ol o =1 S L N < ]
BM 143 14 5 U] i 5 00) 52 80 0 RIS B
EI TR ) VESWANEE S i =5 1 =/ Al

X R 5 DR W 11 B AN ] X 38HE 4T SEM 4
M RFEAT R TR, SRR ZE A W IX, %o 2217 X
TESUOR , B AT b AR o 2 W DO SR B T
AU P 1 SEM RS0 45 SR WK 8 iz o i ik SEM
FeARFRAT AR 35 L DT 1 45 SR I FE X X
VBT 171 2 17 2 B0 o TR () g R A . (AR T R R

Tmm

(m)3-2#HAZ (n)4-4#WM

(k)3-4#HAZ

(0)4-4#HAZ

8 MBS O SEM

Fig.8 SEM of micro-shear fracture surface
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