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A Study on the Relation between Bead Shape and Welding Parameters
of GMA Welding for Die Remodeling
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Abstract

Almost every die for automobiles must be corrected or remodeled for minor geometrical changes or for better
hardness characteristics by arc welding process. Although many other kinds of arc welding processes have been
automated with robots, this molten metal deposition process for die remodeling still depend entirely on experienced
welders.

In this study, the database for bead shapes with respect to welding parameters are constructed by experiments to
automate the molten metal deposition by arc welding process. And the changes of welding parameters for inclined base
metal are studied to consider the effect of die geometries for the welding process.
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Table 1 Fixed and variable welding parameters

- Shielding gas ( Ar 80% + CO: 20% .
flow rate : 18 1/min)

- Power source ( Inverter Type )

Fixed
parameters |- Torch angle ( 90° )
- No additional heat treatment

- Wire (Ni-Fe, 1.2mm)
~ Welding current ( voltage )

Variabl

arzl;iq;ieteis - Welding speed

P - Nozzle-plate distance
A9l W% 84 A5l thalel AMAAE B 44D
Ay H9E Y39, ol uiEgoes AE AgS
FYect. 48 ARE Al 371 AT §3 W

sl ¥4 delE 572 U] Central composite
rotatable factorial design matrix (2 factorial
design + 4 center points + 6 star points)E&
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- Z399(Field of view) @ 94mm X 43mm
- #&&(Resolution) : 0.192mm X 0.048mm
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Table 2 Factor level and design matrix

(a) Welding parameter factor level

Factor level
Parameter | Unit ano ove
o] 1T o] 1] 2
Voltage/ |y x| 30050 39/970] 347290 | 36/310] 38/330
current (V)|
‘ngefl‘j;‘jd mm/s| 92 | 143 | 194 | 245 | 296
S‘g’e"elglr(lsg) mm/s| 5 | 6 | 7 | 8 | 9
g‘;f;fge‘ﬂf‘g‘i mm | 10 | 12 | 14| 16 | 18
(b) Design matrix
Experiment Design matrix
No. V/A Speed Distance
1 1 1 1
2 1 = =
3 1 | 1
4 ] 1 -
5 = = 1
6 1 -1 1
7 -1 1 1
8 1 1 1
9 -2 0 0
10 2 0 0
11 0 -2 0
12 0 2 0
13 0 0 2
14 0 0 2
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0

width=13.05 height= 3.61
width=13.09 height= 3.62
wi
wi

dth=12.73 height= 3.57

dth=12.67 height= 3.56—-—
width=13.22 height= 3.64-
* Average : width=12.95 height= 3,60—

* Standard deviation : width= 0.21 height= 0.03

No:l
No:2
No:3
No:d
No'§

Fig. 1 Measuring of bead shapes by laser vision
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Table 3 Result of bead shape measurementsensor

Experiment| W(Width ,mm) H(Height, mm) A(Area, mm®) Depo-sition
efficiency
No. Average | SD Average SD Average SD (%)
1 10.16 0.14 3.18 0.02 22.39 0.53 83.23
2 15.93 0.53 3.97 0.06 45.45 0.91 97.41
3 9.52 0.13 3.06 0.02 20.01 0.84 98.11
4 12.62 0.21 3.54 0.03 3.63 0.45 88.43
5 9.55 0.39 3.08 0.06 20.13 0.69 74.68
6 14.89 0.48 3.86 0.05 42 .56 0.71 92.15
7 9.16 0.37 3.02 0.04 18.24 0.78 90.22
8 12.94 0.32 3.61 0.05 33.02 0.43 95.33
9 7.88 0.18 2.81 0.02 14.71 0.24 98.62
10 14.72 0.68 3.83 0.08 40.94 0.91 85.60
11 12.66 0.14 3.56 0.02 31.89 0.58 73.26
12 10.62 0.24 3.25 0.04 25.59 0.44 98.56
13 11.92 | 0.36 3.45 0.04 28.91 0.81 92.25
14 11.16 0.25 3.34 0.03 26.90 0.65 85.21
15 11.16 0.12 3.34 0.02 26.98 0.65 86.09
16 11.52 0.35 3.38 0.05 26.14 0.77 83.35
17 11.53 0.51 3.39 0.06 26.56 0.96 84.73
18 11.63 0.18 3.40 0.03 27.47 0.51 87.64
sttt thEslAAE 23 Y2 SAS & Bl 79 AlE AN AR ok 8 2 e gt

Aok AH8E 23 mde (Dol vehdgla, W
E(W)3t Eol(H), @AW He BEaARy 2%
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Y = bo+b; V+b;S+b3D+b1; V+b,,S?
+b33D%+b1;VS+b13VD+b23SD 1)

=.63.5206 + 2.9891V + 5.8193S - 1.4216D
- 0.0047V* + 0.0687S* + 0.0106D*
+0.2594VS +0.0097VD +0.0994SD (2)

H=-8.7718 +0.5502 V + 0.7106S -0.2458D
- 0.0031V? + 0.0100S? + 0.0016D*
+0.0331VS +0.0028VD +0.0131SD  (3)

A=-179.3015 +6.1664V + 29.5298S -8.0426D
+0.07231V2 + 0.51795% + 0.0429D>
-1.2906VS + 0.12788VD +0.32565D (4)
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Fig. 3 Bead shapes with 60 inclined base metal

Vertical incline angle
Horizontal incline angle
0 /

Fig. 4 Definition of incline angles

Table 4 Selected bead areas and corresponding
welding parameters

No. | Area(m’) | FraTeters Tuolage et
1 15 30V/250A, Tmm/s, 14mm
2 20 32V/270A, 8mm/s, 12mm
3 25 34V/290A. 9mm/s, 14mm
4 30 36V/310A, 8mm/s, 12mm
5 35 36V/310A, Tmm/s, 16mm
6 40 38V/330A. Tmm/s, 14mm
7 45 36V/310A, 6mm/s, 12mm
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Fig. 5 Measuring of toe angles
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(b) Normal bead shape

Fig. 6 Bead shapes of vertical up welding

Table 5 Measured toe angles and maximum bead areas with respect to horizontal incline angles

Bead 30 45° 60"

area

(mm?) Toe angles Difference Toe angles Difference Toe angles Difference
15 127.75 | 129.06 1.31 128.43 | 129.64 1.21 127,74 | 129.33 1.59
20 127.49 | 128.98 1.49 127.89 | 128.14 0.25 126.64 | 133.46 6.82
25 126.91 | 128.33 1.42 125.36 | 127.72 2.36 119.01 | 133.49 14.48
30 125.79 | 127.16 1.37 119.62 | 130.04 10.42 111.23 | 140.03 30.80
35 125.80 | 128.88 3.08 114.65 | 136.77 23.12 - - -
40 117.73 | 131.99 14.26 109.87 | 158.92 49.05 - - -
45 110.20 | 139.62 29.42 - - - - - -
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Table 6 maximum bead areas with respect to vertical
incline angles

Angle Max. Area
30° 25 mm’
45° 20 mm”
60° NA
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Fig. 7 Bead shapes with respect to pass distance
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Table 7 Average and standard deviation of bead
height

(a) Width: 14.89mm, Height : 3.86mm

Parameters @ 36V, 310A, 6mm/s, 16mm
No. betv?eizglarrl)(;esses Average SD
1 Tmm 3.84 1.67
2 8mm 3.80 1.23
3 9mm 3.87 0.70
4 10mm 3.59 0.48
5 11mm 3.53 0.81
6 12mm 3.20 1.81
7 13mm 3.12 2.13

(b) Width : 7.88mm, Height : 2.81mm

Parameters @ 30V, 250A, 7mm/s, 14mm
Distance
No. | potween passes| Average SD
1 4mm 3.05 0.84
2 5mm 2.90 0.71
3 6mm 2.50 0.50
4 Tmm 2.24 0.59
(c) Width : 11.16mm, Height : 3.34mm
Parameters : 34V, 290A, 7Tmm/s, 18mm
Distance
No. between passes Average SD
1 5mm 3.61 2.91
2 6mm 3.24 0.75
3 Tmm 3.21 0.56
4 8mm 2.95 0.58
5 9mm 2.84 0.95
¢ 10mm 2.76 1.20
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