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A Study on Pulse-GMA Welding of Al-7020(1)
—Influence of Welding Variables on The Weld Shape—
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Abstract

This paper reports on a study of the influence of welding variables on the weld shape of AI-7020
in pulse-GMA welding. Five variables, i.e., wire feed rate, peak pulse current, welding speed,
welding voltage, and pulse frequency were investigated for their effects on the weld shape.

From the results of the 2"-! fractional factorial design, quantitative effects of each variable and
the interaction of two variables were obtained, and consequently wire feed rate, welding voltage, and
welding speed were determined as the main welding variables. Supplementary experiment was perfo-
rmed for investigating the detailed relationship between the main variables and the weld shape. In
this experiment, the penetration of the weldment increased when the wire feed rate was raised, and

the bead width increased when the welding voltage was raised or the welding speed was reduced.
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Table 1. 2"t fractionl factorial design
Trial Or= Standardized variables
No. d .
er X1 X2 X3 X4 X5 X12 X13 X14 X15 Xo°3 Xo4 X25 X34 X35 X45
1 12 -1 -1 -1 -1 1 1 1 1 -1 1 1 -1 1 -1 -1
2 1 1 ~1 -1 -1 -1 ~1 -1 -1 -1 1 1 1- 1 1 1
3 2 -1 1 -1 —1 -1 —1 1 1 1 -1 -1 -1 1 1 1
4 6 1 1 —1 ~1 1 1 -1 -1 1 -1 ~1 1 1 -1 -1
5 15 ~1 -1 1 —1 -1 1 -1 1 1 -1 1 1 -1 -1 1
6 8 1 —1 1 -1 1 -1 1 -1 1 -1 1 -1 -1 1 -1
7 7 -1 1 1 ~1 1 -1 -1 1 -1 1 —1 1 -1 1 -1
8 4 1 1 1 —1 —1 1 1 -1 -1 1 -1 ~1 -1 -1 1
9 11 -1 —1 -1 1 -1 1 1 -1 1 1 -1 1 -1 1 —1
10 14 1 -1 -1 1 1 —1 -1 1 1 1 -1 -1 -1 -1 1
11 3 -1 1 -1 1 1 -1 1 ~1 ~1 -1 1 1 ~1 -1 1
12 16 1 1 -1 1 —1 1 -1 1 -1 -1 1 -1 —1 1 -1
13 13 -1 ~1 1 1 1 1 -1 -1 -1 -1 ~1 -1 1 1 1
14 10 1 -1 1 1 -1 -1 1 1 -1 —1 -1 1 1 -1 -1
15 5 —1 1 1 1 -1 -1 -1 —-1 1 1 1 —1 1 -1 -1
16 9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 Table 3. Experimental result, H
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Table 2. Standardized variables of
experimental variables

Experimental variables 'S‘t,itrl;i:&ilszecl
Wire feed rate [ X1
Welding speed X2
Peak pulse currnt X3
Welding voltage X4
Pulse frequency X5

RERIRERERE 6%, 29, 19884 6 7

Cross section of weldment

Table 4. Fixed welding condition for preli-
minary experiment

Parameter Condition
Polarity : Reversed
Filler wire ‘ Al 5356 dia. =1.6mm ¢
Shield gas Ar 25% +He 75% 60CFH

Welding position d on plate-flat

23mm(28mm thick workpiece)
20mm(4 mm thick workpiece)

Tip to workplece
distance
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Table 5. Selected welding conditien for
preliminary experiment
o v{‘ilickness I 28mm I 4mm7;—
Parameter ' + l - I + 1 -

Wire feed rate(ipm) 180} 150 | 125 t 115
Welding speed(mm/min) | 405 300 ] 690

Peak pulse current{A) 300 | 250 | 250 | 240
Welding voltage(V) 30 27 25 3
Pulse frequency(pps) 120 60 | 120 60
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Table 6. Chemical composition of workplece (Al 7020)

Chemical component 1 Si Fe Cu Mn Mg Cr Zn Ti+Zr Zr Al

sor <0.35 <0.40 <0.15 0.05— 1.00— 0.10— 4.00— 0.08— 0.08— remain
Specification ‘ 0.50 1.30 0.35 5.00 0.25 0.20
Workpiece ’ 0.06 0.14 0.04 0.19 1.16 0.14 4.58 0.13 0.12 ”

Table 7. Variable effects (28 mm thickness)

Bead Width Reinforcement Height | Penetration Depth Reantrance Angle
Effect . -
Magn. ‘ Rank Magn. Rank Magn. Rank Magn. Rank
E 1 1.504 1 0.184 3 0. 401 1 —3.688
E 2 -0.779 3 —-0.579 1 —-0.031 8 —6.383
E 3 0.069 14 0.034 9 —0.106 3 5.33
E 4 | 0. 966 2 —0.224 2 —-0.274 2 —1.688 12
E5 | ~0.101 11 0.031 11 0.024 10 1,763 11
E12 ! 0.081 12 ~0.116 4 0.051 6 —0.413 15
E13 | ~0.266 6 ~0.034 10 —0.009 15 7.138
E14 0. 446 4 0.024 12 0. 099 4 —5.438 5
E15 ! 0.074 i3 —-0.106 0.016 12 1. 363 13
E23 0. 046 15 —0.041 7 —0.031 9 6.113
E24 —0.186 8 —0. 009 14 0.011 13 2.788 9
E25 —0.159 9 -0.009 15 0.024 11 3.788
E34 -0, 384 5 0. 064 6 0- 081 5 2,238 10
E35 —0.216 7 0.039 8 0. 009 14 0.488 14
E 45 —-0.119 10 0.011 13 --0.039 7 6. 563 2
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Table 8. Variable effects (4mm thickness)
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Bit Bead Width Reinforcement Height | Penetration Depth Reantrance Angle
ec .
' Magn. Rank Magn. Rank Magn. Rank Magn. Rank

E 1 0.838 2 —0.091 5 0. 407 1 —2.788 6
E 2 —-0. 490 4 —0.044 9 -0.210 9 2.013 8
E 3 -0.015 15 —0.026 12 —-0.253 6 ~-2.438 7
E 4 0. 860 1 -0.214 0. 063 15 —8.788 1
E 5 -0.785 3 0.121 —0.093 13 6. 788 2
E12 —0.415 5 —0.026 13 —-0.318 4 —-1.513 10
E13 —0.205 10 0.031 11 —0.355 2 0.388 13
E14 0. 140 13 0.009 15 0.225 8 0.188 15
E15 0. 160 12 —0.081 0. 140 11 —6.038 3
E23 0.173 11 —0.076 7 0. 265 5 —{0.463 12
E24 —0.368 7 —-0.019 14 —0.320 3 1.738 9
E25 0.073 14 —-0.039 10 0. 065 14 —0.938 11
E34 —-0.273 0. 069 8 —-0.233 7 0.338 14
E35 0.213 0.104 0.173 10 —3.488 4
E45 —-0.408 6 0.141 2 —0.098 12 2.963 5
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Table 9. Welding Conditions of Experiment for Main Parameters

Parameter Thigg{:ﬁﬁs Conditions

Wire feed rate (ipm) 4 135 130 125 120 115

28 380 350 320 290 260
Welding speed (mm/min) 4 755 690 655 600 535

28 690 655 600 555 500 450 405 350
Welding voltage (V) 4 27 26 25 24 23

28 36! 34 32 30 28
Peak pulse current(A) 4 245

28 no pulse
Pulse frequency (pps) 4 120

28 no pulse

(a) wire feed rate: 380ipm. (d) wire feed rate: 290ipm

(b) wire feed rate: 350ipm. (e) wire feed rate: 260ipm.

Fig.2. Weld peol shape variation with increasing
wire feed rate (28mm thick., welding
voltage:32V, welding speed:600mm/min).
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(c) wire feed rate: 320ipm
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Fig.3. Weld pool size variation with increasing
wire feed rate (28mm thick., welding
voltage: 32V, welding speed: 600mm/

min).
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Fig.4. Weld pool size variation with increasing
welding speed (28mm thick., wire feed
rate: 320ipm, welding voltage:32V).

(e) wire feed rate: 115ipm

Fig.5. Weld pool shape variation with increasing
wire feed rate (4mm thick., welding vol-
tage: 24V, welding speed:655mm/min,

peak pulse current: 245A, pulse freque-
(a) wire feed rate: 135ipm. ncy: 120 PPS).
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Fig.6. Weld pool size variation with increasing
wire feed rate (4mm thick., welding vol-
tage:24V, welding speed:655mm/min,
peak pulse curent: 245A, pulse frequency

: 120pps).
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