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Effects of welding parameters on the weld metal strength
and recovery of alloying elements in FCAW

Dong Hee Jung

Department of Materials Processing Engineering, Graduate School,

Pukyong.National-University

Abstract

600MPa grade ‘weldable steels were gas metal arc welded with flux' cored wires to
study the effects of welding parameters such as welding current, voltage and travel
speed on the tensile properties of weld metal. The results were interpreted in terms of
chemical composition and microstructural change in the weld metal. When heat input
was increased to 21kJ/cm by increasing welding current, the tensile strength of the
weld metal increased. However, the tensile strength of the weld metal decreased when
heat input was, increased from 21 to 45kJ/lem by reducing travel speed or by
increasing voltage:, It showed that the decrease of tensile. strength in higher than
21kJ/em was related “with the microstructural change. However, the increase of tensile
strength in lower than 21kJ/cm«was not related “with:the microstructural change, but
caused by the increase of alloying—elements such—as carbon and manganese in the
weld metal. It showed that the variation of the welding parameter resulted in different
recoveries of the alloying elements in the wire. The recoveries increased with an
increase of welding current and/or travel speed, but they decreased with an increase of
voltage. The effects of welding parameters on the recoveries were rationalized with the
time available for the reaction with oxygen during welding.
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SMAW conditions

13kJ/cm : 140A-22V-14cm/min
17kJ/cm : 160A-24V-14cm/min
21kJ/cm : 185A-25V-13cm/min

800
L AWS E 10018

760 2=

720

680 Ys

Tensile properties (MPa)
T

640 - >

oo L—L -1 00y )
10 <12+ 14 16 18 20 .22 24

Heat input (kJ/cm)

Fig. 1.1 Variation of tensile strength and 'vield-strength of weld metal as a

function of heat input
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Table 2.1 Chemical composition and mechanical properties of base metal

Chemical composition of base metal (Wt%)

Mechanical properties

c Si | Mn P S Cr | Ni | Mo| Al [ Nb | Ti s YS | EL Y vE

(MPa) | (MPa) | (%) | ()

Base 339

0.037( 01137 | 150 | 0.006 | <0.001 |0.197|0.209]0.069| 0.043| 0.039 [ 0.019| 648 | 491 - .

metal (-57C)
SA440B <0.030

<0.08| <0.55| <1.60 <0.008 % - L - g = * |590-740/440-540| =20 | =47
SA440C <0.020




Table 2.2 Chemical composition of wire

Chemical composition of wire (wt%)

C Si Mn Ni Al Ti B

wire 0.049 0.66 2.58 0.95 0.44 212 0.0099




16 e

L
— =

Fig. 2.1 Schematic diagram of joint detail’used in the test



Table 2.3 Welding conditions used

No. | Variable Current | Voltage Speefi Heat input Interpass . Pass
(A) V) (cm/min) (kJ/cm) temperature (C) | number
1 251 32 35 14 310 10
2 Current 303 33 35 17 310 8
3 370 33 35 21 310 7
4 370 33 35 21 310 7
5 Speed 364 32 28 28 310 5
6 373 33 20 57 310 4
7 425 38 25 39 310 3
8 | Voltage 427 42 25 42 310 3
9 419 45 25 45 310 3
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Tensile strength (MPa)
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600-{ 4 © 500 E
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L 2 o
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Heat input (kJ/cm)

Heat input (kJ/cm)

Fig. 3.1 Variation of (a) tensile strength and (b) yield.strength of weld metal

as a function of-heat input
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Table 3.1 Chemical compeosition and volume fraction-of microstructure

constituents of weld metals

No Varialle Chemical composition.of weld metal (wt%) Xq?;‘;;zfnﬁﬁz?:?i )f

C Si | Mn | Ni Al Ti B o PF | FS | AF
1 251A 0.036| 0.530| 1.93 | 1.05 | '0.029| 0.049 (0.0047| 0.071| 218 1.3 | 76.9
2 | Current 303A 0.038| 0.530| 1.95 | 0.930( 0.032| 0.053|0.0042| 0.067 [ 33.3 | 0.3 [ 66.4
3 370A 0.047] 0.591| 2.03 | 1.00 [ 0.040| 0.064 |0.0053| 0.069 | 16.5| 1.3 [ 82.2
4 35¢cm/min | 0.047| 0.591| 2.03 | 1.00 [ 0.040| 0.064 |0.0053|.0.069| 16,5 | 1.3 | 82.2
5 Speed | 28cm/min | 0.047| 0.577(+.1.96 | 0.938 | 0.040 | 0.0580.0049| 0.066 ( 25.4 | 0.9 | 73.7
6 20cm/min | 0.045[-0.530 | 1.91 | 0.947 [ 0.031 [ 0.043 {0.0046| 0.055"| 27.7 15 | 70.8
7 38V 0.041.] 0.544.] 1.87 | 0.98 | 0.030 | 0.048 |0.0044| 0:063 [ 37.8 | 2.0 | 60.2
8 | Voltage 42V 0.041.( 0.473|~1.72 | 1.02 | 0.025( 0:038 [0.0044| 0.064 | 43.1 12 | 55.7
9 45V 0.039| 0.372| 1.49.| 0.798 [ 0.024{ 0.033|0.0028| 0.070 [ 504 | 2.1 47.5
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Fig. 3.2 Variation of tensile strength of weld.-metal ‘as a function of acicular
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Fig. 3.3 Variation of tensile strength of weld metal-as a function of Pcm
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Table 3.2 Welding conditions used

Welding conditions

No. | Current | Voltage Speed Heat input Interpass n:rzsser
(A) (W% (cm/min) (kJ/cm) temperature (C)
10 389 45 24 44 310 3
11 435 45 26 45 310 3
12 443 46 27 45 310 3
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Table 3.3 Chemical composition of wire

Chemical composition (wt%)

Si

Mn

Ni

Al

Ti

wire

0.075

0.51

2.39

0.80

0.30

2.07

0.0099
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Table 3.4 Tensile properties of weld metals welded with different current

and speed
Welding conditions Tensile properties
No. Current | Voltage Speed Heat input Interpass TS YS El
(A) W% (cm/min) | (kJ/cm) |temperature ('C)| (MPa) | (MPa) | (%)
10 389 45 24 44 310 518 425 35
11 435 45 26 45 310 537 433 29
12 443 46 27 45 310 551 436 29
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Table 3.5 Chemical composition and Pcm of weld metals welded with

different current and speed

Welding conditions Chemical composition (Wt%)
No. Current| Voltage| Speed |Heat input Interpass c|silym|nilall o B Pem
(A) (V) |(cm/min)| (kJ/cm) | temperature (C)
10| 389 45 24 45 310 0.045| 0.29| 1.22(0.77(0.02| 0.020( 0.0017| 0.140
11 435 45 26 45 310 0.048] 0.33] 1.26| 0.67| 0.02(,0.026( 0.0021| 0.148|
12| 443 46 27 46 310 0.049] 0.35] 1.35| 0.73]| 0.02( 0.023| 0.0022| 0.153|
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Fig. 3.9 Variation of Pcm as a function of welding current and speed
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Fig. 3.10 Optical microstructure of weld metals
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Table 3.6 Volume fraction of weld metal microstructure

Volume fraction of

o, Welding conditions microstructure (%)
Current | Voltage Spee(.l Heat input | Interpass temperature PF FS AF
(A) W) (cm/min) | (kJ/cm) (c)
10 389 45 24 45 310 50.6 3.6 45.8
11 435 45 26 45 310 31.9 1.9 66.2
12 443 46 27 46 310 22 2.7 75.3

_32_




o TS (OMPa) = 127.3 +2,770 X Pem, R?=0.98

750

700+

650+

600+ 590MPa

Tensile strength (MPa)

550+

500 T It T T [ = T et r-v T ' T F T
0.13 0.14-0.15 0.16 0.17 0.18 0.19 0.20 0.21.0.22 0.23
Pcm

Fig. 3.11 Variation of tensile strength.of weld metal as a function of Pcm
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Table 3.7 Dilution and recovery of elements

No. Dilution Recovery (%)
(%) C Si Mn B
1 1.3 64.9 779 68.2 475
2 14.8 66.4 77.2 67.0 424
3 18.8 81.6 854 67.7 53.5
4 18.8 81.6 85.4 67.7 53.5
5 18.7 81.7 83.9 65.0 49.5
6 20.9 75.9 75.8 61.8 46.5
7 215 67.3 77.2 59.9 444
8 20.0 68.4 66.9 54.9 444
9 22.9 62.2 51.2 444 28.3
10 275 46.4 49:3 33.8 17.2
11 221 53.0 58.6 38.8 21.2
12 18.1 56.5 63.7 45.3 22.2
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Table 3.8 Proposed composition of wire

C Si Mn B Pcm
JIS <015 =08 | =2.0 -
AWS <012 <08 | =1.5 -
Target composition 0.045 0.5 1.7 0.004 | 0.167
Recovery (%) 63 66 45 33
Proposed composition (wt%) | 0.071 | 0.76 3.78 |0.012
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