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Abstract

In this paper, I-butt welding with 6mm thickness using Plasma-GMA welding was carried out. And weld
characteristics of the AIl-5083 aluminium alloy for Plasma-GMA hybrid welding was evaluated. The
orthogonal experimental design was used to investigate the influence of plasma-MIG welding parameters
such as plasma current, wire feeding rate, MIG-welding voltage and welding speed on the weld bead
geometry and tensile strength using the ANOVA(Analysis of Variation). Then we conducted evaluation of

contribution for process parameters.

ANOVA results show that bead dimensions are affected by wire

feeding speed, welding voltage and welding speed and tensile strength is mainly affected by welding speed
and plasma arc current. Tensile strength was decreased by rise in plasma welding current because GMA

welding current was decreased by plasma arc.
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Fig. 1 The apparatus for welding experimentation
employed

Table 1 Chemical composition of Al alloys(wt.%)

Si Cu | Mn | Mg | Zn Cr | Ti | Al

AL5S083| 0.4 | 0.1 | 0.7 | 4.5 10.25|0.15]0.15| Bal.

ER5183| 0.4 | 0.1 [0.75]14.75]0.15|0.11 |0.15| Bal.
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Fig. 2 Schematic view of the positioning of the
main elements of the plasma-GMA welding
torch

Table 2 Factors and levels of orthogonal experiment

No. Factor Level 1 | Level 2 | Level 3
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Fig. 4 Types of bead shape at different welding
condition
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Table 3 ANOVA for surface bead width about welding
process parameters

Factor | DF | SS MS Fo | F(0.1) | F(0.05)
PWC | 2 10.4530|0.2265| 1.70 2.62 3.55
GWV | 2 |2.0689 |1.0345| 7.77* 2.62 3.55
WFR | 2 |1.3375]0.6687 | 5.02" | 2.62 3.55
WS 2 |2.4642|1.2321 | 9.26" | 2.62 3.55

Error | 18 | 2.3961 | 0.1331
Total | 26 | 8.7197

£ Josd PWC GWV V) WIR (n/min) WS qum/sed
2 1055} J
- b S NN
g0 \//
& 1005}
S
g
2 980 s . . ' _
> 120 140 160 2 2 2 16 18 20 14 15 16

Fig. 5 Main effects plot for surface bead width
(Data means)

Table 4 ANOVA for reinforcement about welding
process parameters

Factor | DF | SS MS Fo | F(0.1) | F(0.05)
PWC | 2 |1.4998 |0.7499 | 2.87 2.62 3.55
GWV | 2 |2.8993|1.4496 | 5.56* | 2.62 3.55
WFR | 2 |3.2150|1.6075| 6.16" | 2.62 3.55
WS 2 11.5223(0.7611 | 2.92 2.62 3.55

Error | 18 | 4.6961 | 0.2609
Total | 26 [13.8325

PWC (A GWV (V) WER_(m/min) WS mm/sec)

17X

120 140 160

2

IS
3
I3)
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o
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Reinforcement height (mm)
o
3%
)

25 26 27 16 18 20 14 15 16

Fig. 6 Main effects plot for reinforcement height
(Data means)
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Table 5 ANOVA for penetration about welding
process parameters

Factor | DF | SS MS Fo | F(0.1) | F(0.05)
PWC | 2 | 6.518 | 3.259 | 2.31 2.62 3.55
GWV | 2 |16.641| 832 | 5.9* 2.62 3.55
WFR | 2 |59.321|29.661 [21.03*| 2.62 3.55
WS 2 |28.879|14.439 [10.24*| 2.62 3.55
Error | 18 | 25.386 | 1.41

Total | 26 |136.745

PWC () GWV_ (V) WER (m/min) WS (mm/sec)

'>\\y//~\J//

120 140 160 25 26 27 16 18 20 14 15 16

%

-

S

Depth of penetration(mm)
o

Fig. 7 Main effects plot for penetration(Data
means)

Table 6 ANOVA for back bead width about welding
process parameters

Factor | DF | SS MS Fo | F(0.1) | F(0.05)
PWC | 2 | 4.097 | 2.049 | 1.04 | 2.62 3.55
GWV | 2 [21.919]10.959 | 5.59* | 2.62 3.55
WFR | 2 |68.721 | 34.36 [17.52"| 2.62 3.55
WS 2 |34.993|17.497 | 8.92* 2.62 3.55
Error | 18 | 35.311 | 1.962
Total | 26 [165.041
. PWC ® W WIR G/min) WS um/se0

w

,\\v//>\4//

lé() 111'() 1("")() 2‘5 2‘5 2‘7 1‘5 fS 2‘0 £4 £5 fﬁ
Fig. 8 Main effects plot for back bead width(Data
means)
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Table 7 ANOVA for measured GMA welding current
about welding process parameters

Factor | DF | SS MS Fo | F(0.1) | F(0.05)
PWC | 2 | 36503 | 18252 | 6.36" | 2.62 3.55
GWV | 2 373 186 0.06 2.62 3.55
WFR | 2 | 13304 | 6652 | 2.32 | 2.62 3.55
WS 2 5504 | 2752 | 0.96 2.62 3.55
Error | 18 | 51685 | 2871
Total | 26 | 107369

PWC A GWV_ (V) WER_m/min) WS (mm/sec)

Tensile strength (N/mm?)

n n n L L \ L L L L \ L
120 140 160 25 26 27 16 18 20 14 15 16

Fig. 10 Main effects plot for tensile strength(Data

means)
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Table 8 ANOVA for measured GMA welding current
about welding process parameters

Factor | DF | SS MS Fo | F(0.1) | F(0.05)

PWC | 2 |2382.66/1191.33/16.63*| 2.62 3.55

GWV | 2 1590.82|295.41 | 4.12" | 2.62 3.55

WFR | 2 |2950.81(1475.41]20.59* | 2.62 3.55

WS 2 |1047.71] 523.86 | 7.31* | 2.62 3.55

Error | 18 |1289.77| 71.65

Total | 26 |8261.77

184 PWC (A) GWV_ (V) WFR (m/min) WS (mm/sec)

GMA welding current (A)

L n n L L n ! L L
120 140 160 25 26 27 16 18 20 14 15 16

Fig. 11 Main effects plot for measured GMA welding
current(Data means)
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