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Abstract

GMA welding process is a production process to improve productivity for the provision of higher welding
quality of material. These includes numerous process variables that could affect welding quality, productivity
and cost savings. Recently, the welding part of construction equipment had frequent failure of major
components in the welding part of each subsidiary material due to shock which is very poor according to
the welding part. Therefore, the implementation of sound welding procedure is the most decisive factor for
the reliability of construction machinery. The data generated through experiments conducted in this study
has validated its effectiveness for the optimization of bead geometry and process variables is presented.
The criteria to control the process parameters, to achieve a good bead geometry. This study has developed
mathematical models and algorithms to predict or control the bead geometry in GMA fillet welding process.
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Fig. 1 A schematic diagram for experiment
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Table 1 Experimental layout using orthogonal array

Number Welding Welding Welding
of the Current Voltage Speed

trial (Amp.) (Volt.) (cm/min)

1 1 1 1

2 1 2 2

3 1 3 3

4 2 1 2

5 2 2 3

6 2 3 1

7 3 1 3

8 3 2 1

9 3 3 2

Table 2 Process parameters and their levels for
fillet welding

P tet, Symbol Level
arametets |- symbo Low | Middle | High
Welding
Current I 240 260 280
(Amp.)

Arc
Voltage \Y 23 25 27
(Volt.)
Welding
Speed S 40 45 50
(cm/min)
12mm
_J‘—b|
3
F)
200mm @)

- I
10mm 20mm

200mm i

Fig. 2 Configuration of welding specimen
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Table 3 Mechanical properties of base metal

Tensile | Yield Elon Impact
Base | Strength | Point ga t(i)on Value Hardness
metal (N/ (N/ (%) (kgm (Hv)
mm2) | mm2) /cm?2)
48080 435 245 25 6.2 128

Table 4 Chemical composition of base metal

0,
Element 01yl e | or | N | e
IMaterial
SS400 0.1510.69 | 0.04 | 0.08 | 0.50 | Bal.
Bead width
leg length

Reinforcement height

Horizontal leg length

Fig. 3 A schematic diagram of bead geometry for
the study

Fig. 4 Measurement of bead geometry
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Table 5 Experimental results of fillet welding

Bead Vertical| Horizontal
Bead . Reinforcement | leg leg
No. width .
geometry Height (mm) | length | length
(mm)
(mm) (mm)
1 - 6.2 0.7 3.85 5.50
2 - 6.5 0.4 3.60 5.65
3 - 6.7 0.5 4.25 4.95
4 6.3 0.9 3.40 6.30
5 - 6.7 0.8 4.05 5.15
6 - 6.8 1.0 4.50 6.25
7 H 6.9 0.7 3.25 6.00
8 n 6.9 1.2 4.30 6.20
9 g 6.8 0.9 4.25 6.00
%

3 Mgz g 0z
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(1) Curvilinear model

1) Bead width(B/W)

= -19.30656+0.03671+2.456V-0.83717S
+0.00021%-0.0208V>+0.00678%*0.005IV
+0.0007IS+0.0029VS 1)

GMA welding
process

Fig. 5 A schematic diagram for the welding
parameters and quality characteristics for
experiment

Welding parameters Welding qualities

Welding current Bead width

Arc voltage Leg length

Welding speed Reinforcement height
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2) Reinforcement height(R/H)

= -38.5589+0.27711+0.051233V+0.02S
-0.00041%-0.0042V>+0.00335>
+0.00111V-0.00131S-0.0029VS @)

3) Vertical leg length(V/L)

= 3695+0.1259331+1.029803V-1.71144S
-0.000171%-0.01667V?+0.011335*
-0.0018IV+0.0003IS+0.02VS @)

4) Horizontal leg length(H/L)

= -72.3131+0.30881-0.9869V +2.37853S
-0.000512+0.0417V*0.0123%>

+0.002IV-0.001715-0.04VS @
Table 69 UFERA nlgl o] BARXN grES &
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ol g3t BrEo oS Sk, AP 10%
FoA] FoJAdS FAZte N 2R =gld At
< HAHeR Tt Adoew Y@ Add

R RE AME Sk Ha-EAA9E Figs. 6~9
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o], Zo| 43 diEghe] wHE A 7133:;
UeRilem, agloA] AAlE A& S

o] oY +10%Wel 93
6~904 He
Uz %S gelsislon, Jdd $3hy mdol i
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Table 6 Variance test of curvilinear model on
bead geometry

equfétioofn SGE R Square Iidé];i;efe
(1) 0.87562 93.5% 74.1%
(2) 0.67243 88.7% 54.9%
(3) 0.97468 93.6% 74.4%
(4) 1.19594 79.4% 77.5%
406

EResurts

Mesured bead width (mm)

Predicted bead width (mm)

Fig. 6 Analysis of bead width from the curvilinear
model

EResurts

Mesured reinforcement height (mm)

0.3 0.5 0.7 0.9 1.1 1.3 15
Predicted reinforcement height (mm)

Fig. 7 Analysis of reinforcement height from the
curvilinear model

mResurts
4.50 4

Mesured left leg length (mm)

2.5 3.5 4.5
Predicted left leg length (mm)

Fig. 8 Analysis of vertical leg length from the
curvilinear model

g
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j=]

L 550

=

i}
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<

ol

(o]
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=

Predicted right leg length (mm)

Fig. 9 Analysis of horizontal leg length from the
curvilinear model
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Fig. 12 S/N ratio of the vertical leg length
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Fig. 13 S/N ratio of the horizontal leg length
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Table 7 Sensitivities of process parameter on Table 10 Sensitivities of process parameter on
bead width horizontal leg length
Sensitivity analysis of bead width Sensitivity analysis of right leg length
Curent [vaaze [ | agow | awios et Yo | orr/or | aRr/ov | oRLleS
23 24.43035 | -4.39865 | 38.21333 23 40.12525 | 108.6897 | 55.6561
240 25 27.59655 | -5.23065 | 38.73433 240 25 38.55865 | 108.8565 | 58.5655
27 30.59635 | -6.06265 | 39.08893 21 37.32565 | 109.0233 | 61.8053
23 24.43835 | -1.13465 | 38.66133 23 40.10525 | 108.3757 | 57.7181
260 25 27.60455 | -1.96665 | 38.98233 260 25 38.53865 | 108.5425 | 60.7075
27 30.60435 | -2.79865 | 39.13693 27 37.30565 | 108.7093 | 64.0305
23 24.44635 | 2.28935 | 39.26933 23 40.08525 | 107.6617 | 59.3801
280 25 27.61255 | 1.45735 | 39.39033 280 25 38.51865 | 107.8285 | 62.4495
27 30.61235 | 0.62535 | 39.34493 27 37.28565 | 107.9953 | 65.8525

Table 8 Sensitivities of process parameter on

reinforcement height Sensitivity of bead geometry

—e—Welding current——Welding voltage—&— Welding speed
Sensitivity analysis of reinforcement height

40 4
Current | Voltage | p oo | orE/ov | aRH/5S

30 —

(A) V) ” —
23 3.589459 | 36.99803 | 48.43086 10
0 —
240 25 3.029925 | 36.98123 | 48.65233 " 70 .

23(V)

Sensitivity of bead width

27 2.436791 | 36.96443 | 48.84019
23 3.573459 | 37.39203 | 50.45286
260 25 3.013925 | 37.37523 | 50.71833
27 2.420791 | 37.35843 | 50.95019

-20

Arc voltage (V)

Fig. 15 Sensitivity analysis of bead width

23 3.557459 | 37.46603 | 52.15486 {fﬂ Sensitivity of bead geometry
280 25 2.997925 | 37.44923 52.46433 ‘j;: —+—Welding current =8=Welding voltage —#Welding speed
27 2.404791 | 37.43243 | 52.74019 = ?E .
.E 40 -
= —
E} 30
Table 9 Sensitivities of process parameter on 3 20
vertical leg length g 10 .
= 0 =
. i i 23(V) 25(V) 27(V)
Sensitivity analysis of left leg length 2 Arc voltage (V)
Cu(r;fnt Vo(l\t;;ge dLL/oI | 8LL/oV | 8LL/8S Fig. 16 Sensitivity analysis of reinforcement height
23 -18.4881 -29.6654 | 24.20322
240 25 -16.2324 | -28.7318 | 26.83851 Sensitivity of bead geometry
o7 141101 97 7982 97 34043 g w0 —4—Welding current =B=Welding voltage =—#=Welding speed
23 -18.4949 | -29.6128 | 24.19988 g w0
<10
260 25 -16.2392 | -28.6792 | 25.76317 :v 0
? 23(V) 25(V) 27 (V)
27 -14.1169 | -27.7456 | 26.19309 Z o Ry
220 —
23 -18.5017 | -29.6961 | 24.06054 % 30 - = ——m
280 25 -16.246 -28.7625 | 25.55183 <0
Arc voltage (V)
27 | -14.1237 | -27.8289 | 26.90975 e otaee

Fig. 17 Sensitivity analysis of vertical leg length
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Welding speed=45 (cm/min)

—#=Welding current —8—Welding voltage —*—Welding speed

I———'_"—‘_"_——.

120

100

80

60 —

40

20

Sensitivity of right leg length

25(V)
Arc voltage (V)

23(V) 27(V)

Fig. 18 Sensitivity analysis of horizontal leg length
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