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ABSTRACT

Magnesium alloy has been known as lightweight material in automobile and electronic industry with aluminum
alloy, titanium alloy and plastic material. Friction welding is useful to join different kinds of metals and nonferrous
metals they are difficult to be joined by such as gas welding, resistance welding and electronic beam welding.
In this study, friction welding was performed to investigate optimization process of Mg alloy with a 20mm diameter
solid bar. For that, the orthogonal array (L9(34)) was used that contained four factors and each factor had three
levels. Control factors were heating pressure, heating time, upsetting pressure and upsetting time. Also tensile tests
were carried out to measure mechanical properties for welded conditions. The levels of heating pressure and upsetting
pressure used were 15, 25, 35MPa, and 30, 50, 70MPa, respectively. In addition those of heating time and upsetting
time were 0.5, 1, 1.5 sec and 3, 4, 5 sec., respectively, rotating speed of 2000rpm.

From the experimental results, optimization condition was estimated as follows; heating pressure=35MPa, upsetting

pressure=70MPa, heating time=1.5sec, upsetting time=3sec.

Key Words : Friction Welding("}H&-87%), Magnesium Alloy(F} 1] % 3+5), Process Optimization(Z] & &g A)),
Orthogonal Array Method(Z] 2L Hl] € H)
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Table 1 Chemical composition of material(wt. %)

Material Al Zn Mn Si Mg
AZ31 3.08 0.97 0.36 0.19 bal.

Table 2 Mechnical properties of material

Tensile Yield Reduction Elongat- Hard-
Material strength strength of area ion ness
oMPa) oy(MPa) (%) (%) HvV
AZ31 274 182 29.4 16.2 55
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Fig. 1 Specimen for friction welding

Fig. 2 Friction-welded sample
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Fig. 3 Dimensions of specimen for tensile test
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Table 3 Orthogonal amiy(L9(34))

Experimental Factors
No. A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

Fig. 5 Tensile specimens after testing

Table 4 Control factors and their level
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Factors Symbol First level Second level Third level
Heating pressure(MPa) A 15 25 35
Upsetting pressure(MPa) B 30 50 70
Heating time(sec) C 0.5 1 1.5
Upsetting time(sec) D 3 4 5

Table 5 Experiment lay out and results of

tensile strength

Experimental Factors Measured tensile strength
No. A B C D Y
1 15 30 0.5 3 49.26
2 15 50 1 4 109.22
3 15 70 1.5 5 220.14
4 25 30 1 5 75.48
5 25 50 1.5 3 231.42
6 25 70 0.5 4 198.97
7 35 30 1.5 4 177.55
8 35 50 0.5 5 240.54
9 35 70 1 3 260.59
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Table 6 Results of the analysis of variance
Svmbol Degree of freedom Sum of squares Mean of square Fo Contribution
b (SS) Characteristics (%)
A 2 15120.793 7560.3963 24.0744 31.87
B 2 25546.925 12773.463 40.6742 53.84
C 2 6152.9541 3076.4771 9.7964 12.97
D(error) 2 628.0862 314.0431
Total 8 47448.758
250
.
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Level of factor A Level of factor B Level of factor C Level of factor D
Fig. 6 Tensile strength vs. level of factors
Table 7 Experiment lay out and results of yield strength
Experimental Factors Measured yield strength
No. A B C D Y
1 15 30 0.5 3 35.82
2 15 50 1 4 99.94
3 15 70 1.5 5 190.46
4 25 30 1 5 69.20
5 25 50 1.5 3 206.46
6 25 70 0.5 4 172.01
7 35 30 1.5 4 149.54
8 35 50 0.5 5 203.99
9 35 70 1 3 224.39
Table 8 Results of the analysis of variance
Symbol Degree of freedom Sum of squares Mean of square Fo Contribution
Y DF) Characteristics (%)
A 2 10563.9758 5281.9879 24.8438 29.48
B 2 20191.3037 10095.6519 47.4848 56.35
C 2 4649.8141 2324.9070 10.9352 12.98
D(error) 2 425.2161 212.6081
Total 8 35830.3097

_68_



APAGH o3 Azt EIE S wRAETA F

A4

2 S A7 A, A 10H, A4S

250
o 200 | /
= P
£ 150 |
z Ve
= 100 | y
= [ ]
-

50

0
1 2 3 1 2 1 2 3 1 2 3
Level of factor A Level of factor B Level of factor C Level of factor D

Fig. 7 Yield strength vs. level of factors
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