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1a Table 1 Experimental Condition
1b Work condition Description
Electrode Copper (12 mm)
20% 1c Electrode revolution/r-min™ 300
SiC Dielectric fluid Kerosene
0.5 um Power supply voltage/V 90
Sic Peak current, Io/A 3,6,9,12,15
Polarity (workpiece) Negative (-)
Working time/min 10
2.1.2 Al Pulse duration, ti/us 100, 200, 300, 400
Pulse-off time, t, tixK
2 Duty factor (K) 1.5
2h Amplitude of ultrasonic/um 30
(10] Abrasive grain SiC (3 um)
Conductor powder Al (5 um)
Eo Concentration of powder/g-L™ Al: 15, SiC: 20
6
- —a—3A —e—6A Al gl —m—3A —e—sa b 6F —a—3A —e—sa ¢
S | —A—0A —9g— |2 A Diclectric; Kerosene 9.4 5 a Dielectric; Kerosene+ ielectric: Kerosene+
i.‘\ Bl /. — +,,\ —¥—12A AL (15 g/L) i —A—9 A —4r~x:\],\)1‘1“},1,l.,\\lu'«“},“
B ./—-": S ==1A OF ——15A
2 4r ‘/ / v +
£ - /‘ 4+ ——— 4r —
=
3. . ._____./ 3l . A A 3t " A/
8" / " .__,———-./. A/ —"*
8 ® . g Al e—— o ——t
= 1k ./ 2+ .‘__’__.__,__—-’l 2F ././l
= = —

100 200 300 400

Pulse Duration/ps

100 200

Pulse Duration/ps

1

300 400 200

300 400

Pulse Duration/ps

Fig.1 Surface roughness versus pulse duration for various peak currents: (a) conventional EDM, (b) powder mixed EDM,

and (c) powder mixed EDM+USM
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Fig.2 Aberration of uniform electric field: (a) uniform
external electric field, (b) electric field of bound SiC
charge and (c) actual electric field
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Fig.3 Flow field distribution of working liquid in the gap by 4 SEM (1,=9 A =200 ps)
the maximum upward ultrasonic vibrate velocity of Fig.4 Cross section images of specimen machined by conventional
electrode (a) and the maximum downward ultrasonic EDM (a), powder mixed EDM (b), and powder mixed

vibrate velocity of electrode (b) EDM+USM (c)
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Fig.5 Distribution of surface residual stress with different
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[12.13] Fig.6 Surface crack of specimen machined by conventional
Al EDM (a), powder mixed EDM (b), and powder mixed
100 MPa EDM + USM (c)
2
sic Table 2 Measurement of surface hardness
Machining method t/us 1p/A Hardness, HV/MPa
Conventional EDM 100 9 7500
Powder Mixed EDM 7650
50 MPa Powder Mixed EDM+USM 9870
Matrix 3480
5
7
1400 MPa 7 Si C 7a
6a SiC
SiC
6b 6¢
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9870 MPa Fig.7 EDS analysis of surface machined by powder mixed
200% EDM (a) and powder mixed EDM + USM (b)
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Effect of Mixed Powder Ultrasonic Vibration on Surface Structure and
Mechanical Properties of Ti-6Al-4V in Electro-Discharge Machining

Zhang Yunpeng, Sun Guangbiao, Zhang Anzhou
(Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The effect of mixed powder ultrasonic vibration on the surface structure and the mechanical properties of Ti-6Al-4V in
Electro-Discharge Machining (EDM) were studied. The surface roughness, the residual stress and the micro hardness of Ti-6Al-4V simples
machined by conventional EDM, powder mixed EDM (PMEDM) and combination process of powder mixed EDM with ultrasonic machining
(PMEDM+USM) were measured, respectively. The recast layers and the surface cracks of samples machined by EDM, PMEDM and
PMEDM+USM were observed by SEM, the quantitative analysis of each element of samples machined by PMEDM and PMEDM+USM was
performed by energy spectrum analyzer. The effect mechanism of added Al and SiC powder in kerosene and ultrasonic vibration of electrode
on the surface structure and the mechanical properties of Ti-6Al-4V machined by PMEDM+USM were also discussed. The results show that
the surface structure and the mechanical properties of Ti-6Al-4V are improved by PMEDM+USM. With under the effects of the electrode
ultrasonic vibration and SiC added in kerosene, the surface roughness decreases by Ra 0.5 um, the recast layer reduces by 40 um, the surface
residual stress decreases by 50 MPa, and the surface hardness increases from 7650 to 9870 MPa than PMEDM.
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