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Effects of Welding Parameters on Weld Metal Strength and Recovery of Alloying
Elements in FCAW
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Abstract

590MPa grade weldable steels were gas metal arc welded with flux cored wires. Welding parameters
such as current, voltage, and speed were varied independently. Effects of each parameter on the strength
and chemical composition of weld metal were investigated. Increase of voltage caused decrease of weld
metal tensile strength due to the low recovery of alloying elements such as carbon and manganese. On the
contrary, increase of current and speed resulted in increase of weld metal strength because of higher
recovery of the alloying elements.
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SRR, %i?ﬂ SHEES A7 594w WA 3 Zn ¢ nFE
A 14~45kJ/cm= 3Tt Table 20 &H2UE
Uehigleh 139 zeAE Age o 33v, gy 31 SEUTO ME BHSS U
£55 35cm/mine® IsHA AEHEA AR
251-370A% WAASID, 464 xdadE wag e Ll 7t gxizddeinel 84us d9des 3
At AR A8k £HEEZ 20~35em/min Zol wet Jepiith adele dEdFS HAA.
o2 WAsGgY. agln 79 ZANME ARG &
AEws e sta AYS 38~45VE WAHA TS : "
o o 2e 100C, H2heRE 310TR FAskl o) e | wen | o
A3 BAE Table 1o vhehd SRS e £ 0] ’
7] 20mme] A7 590MPaF GO single I .
bevel groove® 7}EZsle] ALgStdTh ApA|E o] &R e
PHE Table 2o W uiekiolch. 84 ¥ sz .
o gt 8HFEY FYAAM AHS AFH s 5501
%%%%%ﬁ%ﬁi BAst AR 27 6mm, I I R
AR 24mme] FEAIFHES I A FIH & oo mm s e
Has TYAA AFst Ad2elA sttt &= Fig. 1 Variation of Iijee;tslirizmsg(/e;n;th as a function
&9 2ALe & 500M= FEdn g ARRE Zggh of heat input
Table 1 Chemical compositions of wire and base plate
Chemical composition (wt%)
C Si Mn Cr Ni Mo Al Nb Ti B
Wire 0.075 0.51 2.39 - 0.80 - 0.30 - 2.07 0.0099
Base plate 0.037 0.14 1.50 0.197 0.21 0.069 0.04 0.039 0.02 -
Table 2 Welding conditions
No. | Variable Welding conditions Heat input (kJ/cm) Joint configuration
Current (A) Voltage (V) Speed (cm/min)
1 251 32 35 14
2 Current 303 33 35 17 .
3 370 33 35 21 WB'SSL/
4 370 33 35 21 19‘\% ﬂ
5 Speed 364 32 28 28 L4
6 373 33 20 37 5+<
7 425 38 25 39 7
8 Voltage 427 42 25 42
9 419 45 25 45
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g 5o 2449 dFH SESE T dudad AR Sxo Il wet Srlein o &
Blerg Wt 71lgvta delA Sith Table 3¢ 2t 3p7h dubE<l 7hE #lsky] 98] 240 e oo
SHEEY SRS And 2HEeS BT, B ARSSK, AHske oF 45VE el AR &4
SR WA wet &EEe] dada, 5ol @ £EE I7PIIIEA 45kJ/eme] RUER &S 9
&, A, Wzt &F0E, Helw T 2Aade] slol SAESe e ARNEE Akl
gL Felekd vebdt o & 5ol ©as Af{7E Table 40 &3x, 84559 etz agla <
251A (=DM 370A (243)=2 7Kgl wet AAEE Yehldn Helx] He aist 2o] dddF>
0.036%°14 0.047%7H] F7ketla, deds &% 44~45kJ/cm® A9 LAt §HFEHY w4
7} 20cm/min (2716)°14 35cm/min (2H4)e2 gE, Ut 59 dEAAEY A EE £HARY) &
Z7Hl mek 0.53%4 0.59%744 F7kstgem,  Eel F7ksh @A F7kstn ddnh ol: @Ale] A
YRE2 Aedol 38V (&4 T)olA 45V (24 9)& & A A" SANFe] dIFol o] e golojst 9
7Hdel whet 1.87%°4 1.49%= #asiitt. 5 A 4 AR YebdS Holenh
Table 3 Chemical composition and volume fraction of microstructural constituents of weld metals
Chemical composition of weld metal (wt%) V(')lume fraction of
No. microstructure (%)
C Si Mn Ni Al Ti B Cr Mo Nb |*Pcm | **PF *FS kAR
1 0.036 | 0.530| 1.93 | 1.05 | 0.029| 0.049 [0.0047| 0.05 | 0.014| 0.014| 0.196| 21.8 1.3 76.9
2 0.038| 0.530| 1.95 | 0.930| 0.032| 0.053|0.0042| 0.06 | 0.015| 0.016| 0.195| 33.3 0.3 66.4
3 0.047 | 0.591| 2.03 | 1.00 | 0.040| 0.064 [0.0053] 0.06 | 0.015| 0.016| 0.217| 16.5 1.3 82.2
4 0.047 | 0.591| 2.03 | 1.00 | 0.040| 0.064 [0.0053] 0.06 | 0.015| 0.016| 0.217| 16.5 1.3 82.2
5 0.047| 0.577 | 1.96 | 0.938 | 0.040 | 0.058 |0.0049| 0.06 | 0.017| 0.017| 0.210| 25.4 0.9 73.7
6 0.045| 0.530| 1.91 | 0.947| 0.031| 0.043 [0.0046] 0.06 | 0.016| 0.016 | 0.203 | 27.7 1.5 70.8
7 0.041| 0.544 | 1.87 | 0.98 | 0.030| 0.048|0.0044| 0.06 | 0.014| 0.015| 0.196| 37.8 2 60.2
8 0.041]0473| 1.72 | 1.02 | 0.025| 0.038 |0.0044| 0.06 | 0.017| 0.016| 0.188 | 43.1 1.2 55.7
9 0.039 | 0.372| 1.49 | 0.798 | 0.024 | 0.033|0.0028/ 0.07 | 0.017| 0.014| 0.159| 50.4 2.1 47.5
* Pem= C+8i/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
**PF, FS and AF means primary ferrite, ferrite sideplate and acicular ferrite, respectively
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800 Table 5 Dilution and recovery of elements
R* =0.95
750 Dilution Recovery (%)
—~ No.
= (%) C Si Mn B
= 700 4
; 1 11.3 64.9 77.9 68.2 42.1
%0 650 2 14.8 66.4 77.2 67.0 36.1
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[
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Table 4 Welding conditions, chemical composition and tensile strength of weld metals

Adhs A
olgldt AN Algeld UL E EHFE %
el gfolojo] At AR, 5l
= = A AR, W g HE

Welding conditions Chemical composition (wt%) .
No. Current Voltage Speed Heat input . . . Tenm(l&}s);;ength
W W | Ccoymin) | Gjemy | © [ S| Ma ] N AL T B
10 389 45 24 44 0.045| 0.29 | 1.22 | 0.77 | 0.02 | 0.020]0.0017 518
11 435 45 26 45 0.048| 0.33 | 1.26 | 0.67 | 0.02 | 0.026|0.0021 537
12 443 46 27 45 0.049| 0.35 | 1.35 | 0.73 | 0.02 | 0.023]0.0022, 551

Chemical composition of wire

0.049C-0.665i-2.58Mn-0.95Ni-0.44A1-2.12Ti-0.0099B
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