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Effect of material and welding parameters on characteristics of T-shape weld of
steel plates using experimental data and numerical model
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, experimental data have been used to develop a semi empirical relationship for double-
Received 27 December 2015 ellipsoidal heat source to model the welding process of a T-shape fillet weld of carbon steel AlSI 1020
Accepted 15 February 2016 and stainless steel 304. This model is used in a finite element based computer code to simulate the three

Available Online 16 April 2016 dimensional welding process and obtain the temperature profile around the weldment. Experimental

data in the form of temperature for certain points have been recorded during the welding process using a

Keywords:

Welding computerized data processing system which has been designed for this purpose. Also, the thickness of
Double-Ellipsoidal Heat Source (DEHS) the weldment layers has been compared by observing their hardness and crystallography. By comparing
Model updating experimental data with numerical result, the coefficient of the model has been determined using “model
Experimental results updating” process. The effects of material properties and welding parameters have been studied to

Numerical solution insure the generality of the model. This model can be used to evaluate the quality of the welding and

thickness of the heat affected zone as well as the risks during the welding process such as burn-through
and hot cracking. The main advantage of this model is that the number of coefficients is reduced to only
one parameter and the rest have been related to the physical and geometrical characteristics of the weld.
Results of the numerical simulation obtained using this model show that the major factors which affect
the temperature distribution around the weldment are material conductivity, plate thickness, input
heating and welding speed.
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4- test rig

5- Heat Affected Zone

6- Double-Ellipsoidal Heat Source
7- model-updating
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2- burn-through
3- finite element
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Table 1 Chemical composition of the steels

Si S P Ni Mn cr c (39 22y
% % % % % % % olic

04 001 002 89 195 18 0.06 AlSI 304
02 005 0.04 - 1.03 0.03 0.2 AlSI 1020

Fig. 2 Schematic figure of T-shape joint plate
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Fig. 1 Variation of the thermal conductivity for AISI 304 and
AISI 1020 with temperature [28]
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Table 2 Temperature-dependent thermo-physical and mechanical properties for AISI 304 and AISI 1020 [12,26,27]

Sk Jge e S Sz Sl alae ooyl o059 slo,S
sy (cPa) (MP2) (gimm?) (WimmeC) (g°C) “’)‘)O’ )
AISI  AISI  AISI AlSI AISI AlSI AlSI AlSI AISL ) o a0s ()
1020 304 1020 304 1020 304 1020 304 1020
0.294 210 198.5 380 265 0.785 0.790 0.060 0.0146 0.480 0.462 0
0.295 200 193.0 340 218 0.785 0.788 0.050 0.0151 0.500 0.496 100
0.301 200 185.0 315 186 0.780 0.783 0.045 0.0161 0.520 0.512 200
0.310 170 176.0 230 170 0.776 0.779 0.038 0.0179 0.650 0.525 400
0.318 80 167.0 110 155 0.760 0.775 0.030 0.0180 0.750 0.540 600
0.326 35 159.0 30 149 0.752 0.766 0.025 0.0208 1 0.577 800
0.333 20 151.0 25 91 0.739 0.756 0.026 0.0239 1.2 0.604 1000
0.339 15 60.0 20 25 0.730 0.737 0.028 0.0322 14 0.676 1200
0.342 10 20.0 18 21 0.725 0.732 0.037 0.0337 1.6 0.692 1400
0.388 10 10.0 15 10 0.718 0.732 0.037 0.120 1.7 0.700 1500
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Table 3 Welding conditions for AIST 304 and AISI 1020 plates with different thicknesses

S sb Sz s s ol iy Sl ‘ A
o= =0,
mm) (mny/sec) % A) mm)
5 2.34 28 90 5 AISI 304 1
5 2.34 28 90 6 AISI 304 2
5 2.34 28 90 8 AISI 304 3
5 1.75 24 103 5 AISI 1020 4
5 1.64 24 103 6 AISI 1020 5
5 1.37 24 103 8 AISI 1020 6

Fig. 5 Experimental rig
6}'35")“\“ s_a‘).».e;u 5 JS\MJ

Sledl gy bl go0e > g ool alaml tales] diges sl les
oS Ll 5ol oad pll | gl (6 ydlS O S 4y 5 Sgume
9 bl Ll (03,5 Bl b g0 &5 (6) 8092 Sliles (g5load
a g o ebasly nj o)l Glamy gy 4l o gl Wy
Gy Sy b (6 Kasm 0l y® piman aiload (Byme (o] 580 )5
Joe a basliy 55 ol SeS 4 (550 90 )l aie doles langy oul
GRS Gl 158l 5 Sygmns Gall 2 (6 TenelS A Il a8 e
Sire bl Gl 2 1) Gasm sk 058 copd a5 Sl oad
A e b (o) Caepu bl rimen 005 o WSl 00D yugas
Gty 855250 5 e 5 smln 25 ooy Sl 8 5 24
Sl 45 ;5500 SlaSsh (e anTyd (giludnd 10 g odd (Al
OLQ-” R s W5gd oo 0455 AT A Ald dgde L')Lo.” Rl
ool a5 aile (e peple & 0T b eagidl Cdke o
R N sy N
Ol ek 6 Culs @ Gy9 ¢l 1) Sgame Sledl Jow 6 IS
590 L g yiay g S8 Laylall o5l Ol Sl g e adlatae o AR o
iuLQ." ojlasl J8las Dedor FCDyo LQL)LQ.” ol ey adlais 5l e
&5 «gae o (g, 58 el 00l (534 ooz 0 laclell g Leo )5 olass
3 oshe ol lp s ge drale (51> Ll lawgs Tz )l 5 Leo
2 Joaz 5o ead Al Sl azpe 4wy (s -S> el

Lloads ol

Sy Jedoi 50 w5l Yol —1-3
b Sl s 135 &y JUEl Jelos sl ST aloben g5 Jsbo o
1121

aT )
peor (1y,2,8) = —V-4(xy,2.6) +Q(x,2,6) ¢y

1- ANSYS

4 ol 16 0993 1395 Hu5 : yorase SuilSe Swadie

Los (g o 3ladl ~2-2
Sz g )Sasr slaanlp Jsb )0 )35 o> a0 5Sejlul cax
Colff & wadotnilo g oyl Bndlsy o TIE] e oSy K sl
10 s g od a ,0l ool o)l 1) Fals s aeols Jlasl o ool
b Lo (6,505l prnew ol oo JUIS e 3yl 5l adl o 40 ools
ASTM sl uluf 3 5 B g alsfisSsss o wsliud
L g U JuSpe cnd e dible g ol BOTSERTIVLID
Jae 3 S5 Gillas g s sl o g ol axbo 5 0 patie
S S g e by Lol B9 & LadisTyes aeas
el i o i el T’ ol gt w8 it
SrSoilul agl 0.1 o 53 a5 o)5e Ll sled ) is> (o> 53
Slysd) Sl Ol az s 4y g 050 alsed JS a5 Gy U Laosls 5 00l
@ Sl Gial)l b e aelal iy (0.1 Clsec 5l S &)l a0
o s3ls (L S S o )] gt 94 IS5 0 Sileds 50

Soas o 95-3
b srmsis g ool Jos oy JSET Lol sjlotent jslae o

[ A
Second welding | I Y First welding
| : 21 mm
| A4
LT A
| | 15 mm
ol = Y
5 | | 2 A
I | 15 mm
o | .o Y
67 | 3 A
| | 3mm
Seeti | _): 21 mm
ol

Fig. 3 Locations of the thermocouple joint-points at the lower
surface of the main plate for temperature measurements
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Fig. 4 Schematic diagram of the test rig for data recording
during the welding of T-shape joint plates
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Fig. 6 Finite element model for the fillet weld of 6mm-
thickness plates
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Table 4 The minimum element size, the number of nodes and
elements in the numerical models
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Fig. 8 Representation of the parameters to define heat source
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Fig. 10 Experimentally measured temperature levels during the
welding of AISI 304 and AISI 1020 plates with 6mm-thickness
for the specified points
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Fig. 11 Comparing the experimentally measured temperature

levels during the welding and cooling periods for AlIS1 304 and

AISI 1020 plates with 6mm-thickness for point 2
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Fig. 12 An etched section of the weldment showing the weld-
penetration and micrographs of the weld-zones for AISI 1020
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Fig. 16 Temperature level during the welding of 6mm-304
plates at defined path in a section through point 3 when
electrode passes this section, 2 seconds after and when
temperature is maximum in point 3
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Fig. 17 Temperature level during the welding of 6mm-1020
plates at defined path in section through point 3 when electrode
passes this section, 2 seconds after and when temperature is
maximum in point 3
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Fig. 14 Temperature contours during the welding of 6mm AISI
304 plates in section through point 3 when temperature at this
point is maximum
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Fig. 15 Temperature contours during the welding of 6mm AISI
1020 plates in section through point 3 when temperature at this
point is maximum
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Fig. 18 Comparing the experimentally measured temperature
levels and results for the numerical solutions at point 2 during
the welding and cooling periods for 6mm- 304 and 1020 plates.
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Table 6 Comparison of the maximum temperature at point No. 2 obtained using experiment measurement and numerical analysis

) _Plate Welding speed Temperature at point Ng. 2 (C) Error

Material thickness (mm/s) 3D FEM Experimental percentage
(mm) (average)

AlISI 304 5 2.34 893 733 18%
AISI 304 5 4.69 747 611 18%
AISI 304 6 2.34 725 603 16%
AISI 304 8 2.34 500 448 10%
AISI 1020 5 1.75 827 824 0.4%
AISI 1020 5 2.05 745 735 1.4%
AISI 1020 6 1.64 699 623 11%
AISI 1020 8 1.37 501 540 -1%
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