Dynamical Systems and Control 3/ &4 534, 2019, 8(1), 8-19 Hans )i
Published Online January 2019 in Hans. http://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2019.81002

Intelligent Adaptive Electrical Discharge
Machining (EDM)

Ming Zhou, Xin Mu, Hongyan Jing, Liang He, Meixia Yuan

Beijing Key Laboratory of Performance Guarantee on Urban Rail Transit Vehicles, School of
Mechanical-Electronic and Automobile Engineering, Beijing University of Civil Engineering
and Architecture, Beijing

Email: zhouming@bucea.edu.cn

Received: Nov. 25", 2018; accepted: Dec. 10", 2018; published: Dec. 17", 2018

Abstract

To fully exert the ability of adaptive EDM and solve the contradiction between machining stability
and machining efficiency, intelligent adaptive EDM has been studied and developed. Based on the
“perceived” signals of discharge pulses in a gap between electrode and work-piece, the signals
were computed to obtain machining situation state index and machining state index which were
the outcomes of so called “cognitive process”. Then a machining state expectation index defined to
be a "guiding criterion of control behavior" which was used to balance machining efficiency and
machining stability had to be derived in terms of varied machining situations. With this criterion,
an optimized control behavior had to be achieved. The core of the intelligent adaptive manufac-
turing is the "guiding criterion of control behavior". The optimized control behavior was accom-
plished by an adaptive control system. In this paper, two cascaded adaptive control systems were
used to realize the intelligent adaptive EDM; one performed the function of the "guiding criterion
of control behavior” and the other the function of the optimal control behavior. The experimental
results demonstrated that the intelligent adaptive EDM has greatly improved the ability of EDM,
especially in machining high-temperature alloys and super-hard alloys mostly in nuclear indus-
tries and aviation industries, e.g. molybdenum-titanium-zirconium alloy and inconel 718 alloy,
etc., and proved that this control system can achieve stable and fast machining.
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Figure 1. A block diagram of closed-loop control system
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Figure 2. A flowchart of identification of discharging pulses
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Figure 3. A schematic diagram of intelligent adaptive control EDM
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Figure 4. The machining stage in good (a); poor (b) machining situation by intelligent adaptive EDM
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Figure 5. The machined hole with molybdenum-titanium-zirconium alloy by intelligent adaptive EDM
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Figure 6. (a) A case of the machining stage in machining Cr12 die steel by intelligent adaptive EDM; (b) a comparison of
machined holes with Cr12 by conventional EDM and intelligent adaptive EDM
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Figure 7. (a) A case of the machining stage in machining Inconel 718 alloy by intelligent adaptive EDM; (b) a comparison
of machined holes with Inconel 718 alloy by conventional EDM and intelligent adaptive EDM

B 7. (B EE MM TR 718 A4 I IEM— 2 RASE; (b) FHRMEaEERMTEE 718 A& tLE
4. g

NFEI RAEHKAE BIEROIN TRIBE DT, Rl AN T il & 5 XN TAPRHInERER 8 &, Cr12 Al
BRI 718 Bt MR EERIN RIS EEYE, Real Bt g R AR SN R AN T RS 2R R HE
R G RE 0 SC LR B S I = TR, BT R L CANRDRREEARORIT O NMEN L “lRMREEH” o sk
RAIEW], HOKAER BEHE RGEADUR R T B IE RN AZHI B S, RN IR R T s kB TR & 4
Cr12 MMREE 18 GEMIINTREY), SEBL 7 R PRIE RN TR, Joln Tl MEin TAPRHE At 7l 4714

E&WE

AR b T AR R AR 5% 9 T 4 B Bh AN AL U SRS 2018 A REWE T AR G KT T H
(PG2018083) AL T @ HU K 2 2018 4F BEA 58 AL BUHT I H (PG2018014) 3 ¥

SE

[1] Kunieda, M., Lauwers, B., Rajurkar, K.P., et al. (2005) Advancing EDM through Fundamental Insight into the Process.
CIRP Annals, 54, 64-87. https://doi.org/10.1016/S0007-8506(07)60020-1

[2] Liu, Y.F. and Pei, P.C. (2006) Asymptotic Analysis on Autoignition and Explosion Limits of Hydrogen-Oxygen Mix-
tures in Homogeneous Systems. International Journal of Hydrogen Energy, 31, 639-647.
https://doi.org/10.1016/j.ijhydene.2005.05.005

[3] Wu, LY., Ming, Z., Xu, X.Y., et al. (2015) Fast and Stable Electrical Discharge Machining (EDM). Mechanical Sys-
tems and Signal Processing, 72, 420-431.

[4] Zhou, M., Wu, J.Y., Yang, J.W., et al. (2016) Fast and Stable Electrical Discharge Machining (EDM) by
Two-Step-Ahead Predicted Control. Procedia CIRP, 42, 215-220. https://doi.org/10.1016/j.procir.2016.02.274

[S1 Zhou, M., Han, F., Wang, Y., et al. (2009) Assessment of the Dynamical Properties in EDM Process-Detecting

Deterministic Nonlinearity of EDM Process. International Journal of Advanced Manufacturing Technology, 44, 91-99.
https://doi.org/10.1007/s00170-008-1817-6

DOI: 10.12677/dsc.2019.81002 18 B 1RG5


https://doi.org/10.12677/dsc.2019.81002
https://doi.org/10.1016/S0007-8506(07)60020-1
https://doi.org/10.1016/j.ijhydene.2005.05.005
https://doi.org/10.1016/j.procir.2016.02.274
https://doi.org/10.1007/s00170-008-1817-6

B &

[6]

[17]
[18]

Zhou, M., Meng, X.Y., Qin, J.J., Chen, Z.G. and Lian, X.J. (2013) Building an EDM Process Model by an Instrumen-
tal Variable Approach Based on Two Interactive Kalman Filters. Precision Engineering, 37, 146-158.

https://doi.org/10.1016/j.precisioneng.2012.07.011

Zhou, M., Han, F.Z. and Soichiro, I. (2008) A Time-Varied Predictive Model for EDM Process. International Journal
of Machine Tools and Manufacture, 48, 1668-1677. https://doi.org/10.1016/j.ijmachtools.2008.07.003

Ljung, L. (1999) System Identification—Theory for the User. 2nd Edition, Prentice-Hall PTR, 363.

Zhou, M., Wu, J.Y., Xu, X.Y., Mu, X. and Dou, Y.P. (2018) Significant Improvements of Electrical Discharge Ma-
chining Performance by Step-by-Step Updated Adaptive Control Laws. Mechanical Systems and Signal Processing,
101, 480-497. https://doi.org/10.1016/j.ymssp.2017.06.041

Astrom, K.J. and Wittenmark, B. (1995) Adaptive Control. 2nd Edition, Addison-Wesley, Reading, MA, 93.
TR, RN, FhE, . HEMEAGSM R SN AR FEMEERE, 2006, 25(12): 1-7.
WS, HAEES S LI TEshm]. FEEHI, 1994(6): 22-25.

kA, HEHE SR LN T k). EHE, 2000, 24(5): 15-16.

Sk, M. TZM &4 KRR B, 2005, 29(5): 30-31.

B, ARG &I THARS R[], HEE, 2001, 25(4): 34-37.

IS, KA, AN, & HEES SRR A AR TR R ] SaS S, 2016,
15(4).

KA, ®K, IRE, 4
KA, IMRE, Bk, 5

HERES miR & & B AE I T L2 R[], Mk A, 2016, 509(14): 61-64.

% =
RS B A & KR DI EIIN TR ALI]. N T 58, 2015(5): 8-12.

Hans X

PR BB 5 2

1. FTJF5AM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
TRFRMEERE: [ISSN], HIAWITI ISSN: 2325-677X, R 2
2. FTHFHIM B 7T http:/cnki.net/
Fofl B FRSCEk AR 3t FINSCEARA, RITTE

hEE S http://www.hanspub.org/Submission.aspx
WITIMRAE : dsc@hanspub.org

DOI: 10.12677/dsc.2019.81002 19 1RG5


https://doi.org/10.12677/dsc.2019.81002
https://doi.org/10.1016/j.precisioneng.2012.07.011
https://doi.org/10.1016/j.ijmachtools.2008.07.003
https://doi.org/10.1016/j.ymssp.2017.06.041
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:dsc@hanspub.org

	Intelligent Adaptive Electrical Discharge Machining (EDM) 
	Abstract
	Keywords
	智能自适应电火花加工
	摘  要
	关键词
	1. 引言
	2. 智能自适应电火花加工控制系统
	2.1. 智能自适应电火花系统中的感知功能 
	2.2. 智能自适应电火花系统的“认知”功能和“提供最佳行为准则”
	2.2.1. 智能自适应电火花系统的“认知”功能
	2.2.2. “提供未来最佳行为准则”功能

	2.3. 最优控制行为
	2.3.1. 电火花加工环境模型和加工模型
	2.3.2. 控制策略


	3. 实验验证
	3.1. 案例一：智能自适应电火花加工钼钛锆(TZM)合金
	3.2. 案例二：智能自适应电火花加工加工Cr12模具钢
	3.3. 案例三：智能自适应电火花加工加工镍基718合金

	4. 结论
	基金项目
	参考文献

