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Fig. 1 The high-precision 3D micro-EDM experimental

platform
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Fig. 2 The schematic diagram of RC pulse generator
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Tab.1 The orthogonal experiment of 4 factors

with 5 levels

K- I/A Ton/ps Tott/ 118 C/pF
1 0.22 5 20 3 200
2 0. 41 10 30 3670
3 0. 60 20 40 4 700
4 0. 88 30 60 5700
5 1.26 40 80 6 900
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Tab. 2 The machining time & electrode wear of three materials micro-groove EDM

ST B [A] ¢, /min LA H5UFE B e /pm B
F5  I/A  Tow/ps Toi/ps C/pF tm/min we/pm
RNEW BRH ®KEE ATEW KW ®Ese

1 0.22 5 20 3 200 4,71 2.55 5.44 396 387 441 4,23 408

2 0.22 10 30 3 670 3.58 3.45 3.53 389 379 480 3.52 416

3 0.22 20 40 4 700 4.06 3.70 4. 88 395 355 433 4.21 394

4 0.22 30 60 5 700 3.77 3.68 5.52 406 392 438 4.32 412

5 0.22 40 80 6 900 3. 64 3.54 4. 83 436 338 448 3.98 407

6 0.41 5 30 4 700 5.63 4. 64 7.82 409 392 395 6.03 399

7 0.41 10 40 5 700 5.52 4. 36 6. 88 412 381 422 5.44 405

8 0.41 20 60 6 900 4.75 4.33 5.69 411 325 408 4.67 381

9 0.41 30 80 3 200 3.83 3.79 5.74 406 373 421 4,45 400

10 0.41 40 20 3 670 3.07 3.11 3.50 396 371 426 3.23 398

11 0. 60 5 40 6 900 5.59 4. 34 6. 84 398 389 404 5.59 397

12 0. 60 10 60 3 200 4.51 4.13 5.74 372 361 447 4.79 394

13 0. 60 20 80 3 670 3.82 3.52 3.77 387 366 394 3.70 382

14 0. 60 30 20 4 700 3.58 3.45 6. 14 369 349 441 4. 39 386

15 0. 60 40 30 5 700 3. 89 3.54 5.34 375 373 444 4.19 397

16 0. 88 5 60 3 670 5. 44 4. 81 5.62 410 356 413 5.29 393

17 0. 88 10 80 4 700 6.39 4.69 7.62 367 329 400 6.23 366

18 0. 88 20 20 5 700 5.01 4,10 5.17 404 400 433 4. 61 412

19 0. 88 30 30 6 900 3.96 3.43 4. 69 414 364 431 4. 00 403

20 0. 88 40 40 3 200 4.53 4.42 3.35 382 329 399 4.13 370

21 1. 26 5 80 5 700 9. 38 5.72 9.03 409 382 415 8. 04 402

22 1. 26 10 20 6 900 6.42 4,28 8.13 381 372 456 6.28 403

23 1. 26 20 30 3 200 5.15 5.67 3. 64 357 324 404 4. 82 369

24 1. 26 30 40 3 670 4.90 5.71 3.72 390 343 428 4.78 387

25 1. 26 40 60 4 700 5.64 5.12 3.57 434 357 438 4.78 410
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Fig. 3 Machining time trend of three alloy materials
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Tab. 3 Experimental result analysis of machining time

500 BAGHN OB D%éE ¥4 I/A Ton/ps Tott/ ps C/pF
£ 400 T1 20. 26 29.18 22.74 22. 42
= T2 23.82 26.26 22.56 20. 52
=300 T3 22.66 22.01 24.15 25. 64

20097234567 801011R21B31451617819021 22845 e 21 29.89 26.60

No. TS 28.70 20. 31 26. 40 24.52

B4 T3 A A R E B ISR
Fig. 4 Electrode wear trend of three alloy materials M3 4.532 4. 402 1. 830 5.128
M4 1.852 1.388 4.770 5.320

Jn TR SEE A g R AR 3 s, R M5 5. 740 4.062 5. 280 4. 904
1.774 0.768 1.216

T1~T5 Jy% B R 5 A AT F B9 T R Lss
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Tab. 4 Experimental result analysis of electrode wear

¥ I/A Ton/ s Toit/ s C/pF
T1 2 037.0 1999.0 2 007.0 1941.0
T2 1983.0 1984.0 1984.0 1976.0
T3 1 956.0 1938.0 1953.0 1955.0
T4 1944.0 1988.0 1990.0 2 028.0
T5 1971.0 1982.0 1957.0 1991.0
M1 407. 4 399.8 401. 4 388.2
M2 396. 6 396. 8 396. 8 395.2
M3 391.2 387.6 390. 6 391.0
M4 388.8 397.6 398.0 405. 6
M5 394. 2 396. 4 391.4 398.2
R 18.6 12.2 10. 8 17.4
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Fig. 5 Relationship of discharge peak current-machining

time & electrode wear
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Fig. 6 Relationship of pulse duration-machining
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electrode wear
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Tab.5 Electrical parameters and corresponding

value ranges

CIE 21 TUAE S
VM AL 1/ A 0.2~1.5
K FE Ton/ s 5~100
WK T8] Tot/ s 15~100
H%5 C/pF  [470,1 000,1 470,2 200,3 200,4 700,6 900]
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Fig. 9 Optimized results of multi-objective GA algorithm
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Tab. 6 Optimized combinations of parameters and results

5 T3 e Ak 25 2

T OI/A Ton/ps  To/ps  C/pF ty,/min w,/pm
1 0.90 24 50 3 200 2.495 349.72
2 0.90 24 50 3 200 2.500 349. 65
3 0.90 24 49 3 200 2.495 349.79
4 0.90 27 49 3 200 2.500 349. 66
5 0.90 25 49 3 200 2.500 349. 69
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Fig. 10 The micrograph of machined stainless steel

curved groove array (part)
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Fig. 11 The micrograph of machined invar alloy

straight and curved grooves
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Fig. 12 The micrograph of machined titanium alloy

straight and curved groove array (part)
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Research on machining characteristics of micro-groove EDM

on difficult-to-cut alloy materials

LIU Wei", 2ZOU Shang-bo, ZHANG Ling-xuan, JIA Zhen-yuan

( Key Laboratory for Precision & Non-traditional Machining Technology of Ministry of Education,

Dalian University of Technology, Dalian 116024, China )

Abstract: Due to its contact-less process, micro-electrical discharge machining (EDM) enables very
small machining forces between the electrode and workpiece, and it has been one of the most
important technologies in micro-manufacturing field of difficult-to-cut alloy materials. Discharge peak
current (I), pulse duration (T,,), pulse interval (T,;) and capacitance (C) are selected as
experimental parameters, and an orthogonal experiment of micro-channels on difficult-to-cut alloy
materials is carried out. Moreover, the machining characteristics of the electrical parameters on
machining time and electrode wear are analyzed according to the results of experiments. Finally, a
multi-objective optimization method is employed to achieve the highest processing efficiency and the
lowest electrode wear, and micro-channels on the three kinds of difficult-to-cut materials, stainless
steel, invar steel, titanium alloy, are machined with the optimal parameters. The experimental results
show that the electrical parameters have a great impact on processing efficiency and quality, and the
processing efficiency can be improved greatly without losing machining quality by the proposed multi-

objective optimization method.

Key words: micro-EDM; difficult-to-cut alloy materials; machining characteristics; micro-groove;

multi-objective optimization



