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Effects of Heat Input on the Strength and Impact Toughness of
Multipass Weld Metal in 570MPa Grade Steel

Ji-Chul Byun

Department of Materials Processing Engineering, Graduate School,
Pukyong National University

Abstract

Influence of heat input on the tensile strength and impact toughness
of multipass weld metal made with AWS E81T1-Nil metal-cored wire
was investigated. Welding parameters such as current, voltage and
travel speed were varied independently to get different heat inputs.
Even though variation of heat input resulted in different microstructure
and chemical composition, tensile strength was controlled mainly by
the chemical composition of weld metal. An increase of heat input by
current resulted in higher recovery of deoxidation elements in weld
metal and thus showed an increase of tensile strength in spite of
higher heat input.
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Fig. 1-1 Relationship between weld metal elongation and tensile
strength
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Fig. 1-2 Variation of elongation as a function of tensile strength
of weld metal



Tensile strength (MPa)
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Fig. 1-3 Variation of tensile strength as afunction of carbon
equivalent in weld metal
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Carbon equivalent, C+Si/7+Mn/5
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Fig. 1-4 Variation of carbon equivalent in weld metal as afunction
of heat input
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Table 2-1 Chemical composition and mechanical properties of base metal

Chemical composition of base metal (wt%) M echanical properties
) . ; TS Y.S El. vEo
Mn P N M Al N T
C Si S Cr i (6] b i (MPa) (MPa) %) 2
Base 339
0.037 | 0.137 1.50 0.006 <0.001 | 0.197 | 0.209 | 0.069 | 0.043 | 0.039 | 0.019 648 491 - .
metal (-5C)
SA440B <0.030

<0.08 | <055 | <1.60 <0.008 - - - = - - 590-740 | 440-540 | =20 =47

SA440C <0.020
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Fig. 2-1 Schematic diagram showing joint detail used in
weld metal
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Table 2-2 Welding conditions used

Welding conditions Heat Inter pass Pass
Wire | current | Voltage | Speed input temperature number
(A) V) | (cpm) | (KIem) ()
1 405 41 21 48 305 4
2 413 40 21 48 305 4
3 408 41 21 48 304 4
4 411 40 21 48 304 4
5 411 40 21 48 303 4
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Table 2-3 Welding conditions used

Welding conditions Heat I nter pass Pass
No. Variable | cyrrent | Voltage | Speed input | temperature Number
(A) V) | (cpm) | (kd/em) (T)
1 251 32 35 14 310 10
2 Current 303 33 35 17 310 8
3 370 33 35 21 310 7
4 425 38 25 39 309 3
5 Voltage 427 42 25 42 312 3
6 419 45 25 45 309 3
7 370 33 35 21 310 7
8 Speed 364 32 28 28 312 5
9 373 33 20 37 310 4
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Fig. 2-2 Schematic diagram showing location of tensile and impact test specimen in weld metal
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Table 3-1 Chemical composition of weld metal

Chemical composition of weld metal (wt%)

wire C Si Mn P S Cr Ni Mo Al Nb Ti \% B
1 0.048 | 0415 | 165 | 0019 | 0.008 | 0054 | 0958 | 0014 | 0.026 | 0.012 | 0.043 | 0.0120 | 0.0035
2 0.039 | 0226 | 0904 | 0015 | 0.006 | 0053 | 0.764 | 0192 | 0.011 | 0.009 | 0.020 | 0.0106 | 0.0014
3 0036 | 0205 [ 101 | 0018 | 0.007 | 0.052 | 0.790 | 0.186 | 0.013 | 0.009 | 0.029 | 0.0111 | 0.0017
4 0.036 | 0209 | 0976 | 0019 | 0.008 | 0.047 | 0808 | 0193 | 0014 | 0.009 | 0.031 | 0.0113 | 0.0019
5 0.033 | 0174 | 0816 | 0017 | 0.008 | 0.040 | 0.812 | 0.208 | 0.009 | 0.006 | 0.016 | 0.0087 | 0.0012
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Fig. 3-1 Variation of tensile strength as a function of carbon
equivalent in weld metal
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Impact absorbed energy at 0°C (J)

Wire number

Fig. 3-3 Comparison of impact absorbed energy of weld metal

_20_




Fig 3-4 Optical microstructure of weld metals welded with various wires
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Tensile strength (MPa)
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Fig. 3-6 Effect of (a) welding-current, (b) welding voltage and (c) welding speed on the tensile strength of weld metal
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Table 3-2 Chemica composition, volume fraction of microstructure constituents, and columnar width of weld metals

Volume fraction
Chemical composition of weld metal (wt%) o Columnar
No | Variable microstructure width

00) (um)

C S | Mn | Ni Al Ti B O | PF|Fs| AF
1 0.036 0.530 1.93 1.05 0.029 0.049 0.0047 0.071 218 | 13 76.9 53.8
2 Current | 0038 | 0530 | 195 | 0930 | 0032 | 0053 | 00042 [ 0067 | 333 | 0.3 | 664 613
3 0.047 0.591 2.03 1.00 0.040 0.064 0.0053 0.069 165 | 1.3 82.2 NA
4 0.041 0.544 1.87 0.98 0.030 0.048 0.0044 0.063 37.8 2 60.2 80.4
5 Voltage 0.041 0.473 1.72 1.02 0.025 0.038 0.0044 0.064 431 | 1.2 55.7 87.2
6 0.039 0.372 1.49 0.798 0.024 0.033 0.0028 0.070 504 | 21 475 90.3
7 0.047 0.591 2.03 1.00 0.040 0.064 0.0053 0.069 165 | 1.3 82.2 NA
8 Spwd 0.047 0.577 1.96 0.938 0.040 0.058 0.0049 0.066 | 254 | 0.9 73.7 NA
9 0.045 0.530 191 0.947 0.031 0.043 0.0046 0.055 | 277 | 15 70.8 NA
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Fig 3.7 Optical microstructure of weld metal welded with various weld conditions
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Fig. 3-8 Optical microstructure of weld metal welded with various weld conditions
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Fig. 3-9 Variation of tensile strength of weld metal as afunction
of acicular ferrite
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Fig. 3-10 Variation of tensile strength of weld metal as a
function of carbon equivalent
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Impact absorbed energy at 0 °C (J)
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Fig. 3-18 Variation of impact absorbed energy at-0C of weld metal
as afunction of heat input
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Table 3-3 Length of each region on the notch location

Length of each region

Heat (mm)
input Pass Deposition
Grain
(kycm) | MUmPer | Seuence - weld | Grainrefined | oorened
metal region ,
region
14 10 § 3.6 48 16
17 8 § 2.6 6.8 0.6
21 7 % 45 4.4 1.1
28 5 § 12 5.9 2.9
37 4 § 2.7 6.0 13
39 3 E 84 0.7 09
42 3 E 7.2 15 13
45 3 § 6.4 2 16
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Impact absorbed energy at 0 °C (J)
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