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The Characteristics of Wire Electrical Discharge Machining and Final Surface Grinding
for Titanium Alloy
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[L Abstract }

Titanium alloys have the characteristics of lightness, high strength and good corrosion resistant, and are broadly used
in manufacturing parts for military and aerospace industries. These alloys are also recognized for organism materials
comparatively and used as fixing ones in human body. Nevertheless titanium alloys have excellent properties, it is difficult
to machine by traditional methods because of high hardness and chemically activated property. So higher tool wear is
expected when cutting by conventional tools, so it is required nontraditional machining process. Finally, the mechanical
characteristics such as surface roughness, shape and hardness were studied for wire electrical discharge machined and ground
surfaces of titanium alloys for different heat-treated conditions.
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Table 1 Mechanical properties of titanium alloy

Mechanical property Value
Tensile strength (kg/mm?’) 109
Yield strength (kg/mm?) 102
Elongation (%) 14
Area contraction (%) 30
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Table 2 Wire EDM conditions

Number of) Machining | Offset | Voltage | Current; Feedrate
EDM | condition | (mm) | (V) | (A) | (mm/min)
Ist C441 0225| 31 152 37
2nd C623 | 0.150] 60 1.5 5.5
3rd C653 0135 65 1.1 9.5
4th C683 (0133 30 0.7 9.5
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(c) 3rd EDM

(d) 4th EDM

Fig. 1 SEM micrographs of EDMed surface for annealed
titanium alloy (x1000)
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Table 3 Element weight percentage of EDMed surface by
EDX analysis for annealed titanium alloy

(a) 1st EDM

(c) 3rd EDM (d) 4th EDM

Fig. 2 SEM micrographs of EDMed surface for solution
treated titanium alloy(x500)
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Table 4 Element weight percentage of EDMed surface by
EDX analysis for solution heat-treated titanium alloy

=

Elemm(;j)"‘ OFEDM 1 | 2nd | 3w ‘F 4th o (0/‘:) OFEDM ¢ | o | 3d | 4t
Al 444 | 452 | 517 s:3 Al 391 | s21 | 420 10
Ti | 6134 | 6249 | 6386 6652 Ti 6858 | 792 | 8044 | 7827
v 491 | 501 | 471 478 v 59 | 635 | 616 | 687
Cu 1891 | 1730 | 1737  15.18 Cu 1638 | 614 | 603 | 490
Zn 104 | 1068 | 889 | 829 Zn s3 | 308 | 37 | 2%
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Fig. 3 Change of wire component(Cu & Zn) according
to the number of EDM for annealed titanium alloy

(b) Area A (x500)

(c) Area A (x1500)

Fig. 5 SEM micrographs of ground surface at table speed
1Sm/min, cutting depth 15m
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Fig. 4 Change of wire component(Cu & Zn) according

to the number of EDM for solution heat-treated
titanium alloy

(b) Area A (x1000)

(c) Area B (x2000) (d) Area C (x4000)

Fig. 6 SEM micrographs of ground surface at table speed
Sm/min and cutting depth 20pm
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Fig. 7 Surface roughness(Ra) of wire EDMed surface for
annealed titanium alloy
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Fig, 9 Surface roughness(Ra) along the grinding direction
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Fig. 8 Surface roughness(Ra) of wire EDMed surface for
solution heat-treated titanium alloy
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grinding direction
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Fig. 11 Surface roughness(Ra) along the grinding direction
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Fig. 12 Surface roughness(Ra) perpendicular to the
grinding direction
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