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Successive mapping detection of
micro EDM discharge state
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of the Ministry of Education, Dalian University of Technology . Dalian 116024, China)

Abstract: To measure precisely the discharge state and overcome the shortcomings of the distortion of
discharge signals and the instability of discharge state, the principle and method of successive mapping
detection were proposed combined with the system identification and fuzzy control after analysis on
traditional discharge state detection methods in micro Electrical Discharge Machining(EDM). For re-
al-time collected gap voltage and current signals in the process,the fuzzy operation was used to identify
the discharge state of a sampling point and then to map the sampling point discharge state value into
sampling point discharge state vector. Furthermore,the vector was counted to obtain the“Short rate”
and “spark/arc rate” and the fuzzy reasoning was used to identify the discharge state of each cycle.
Test results show that the presented detection method has highly accuracy and is able to identify data
and operate fast. Compared with that of the average voltage detection method, the efficiency has been
increased by 22.2%. Detection results can provide feed back inputs of the system discharge states for

the real-time control of the discharge process, which ensures the stability and accuracy of the process-
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ing control system.
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Fig. 1 Schematic diagram of discharge state successive mapping detection method for sampling points
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Fig.4 Membership functions of input variables

Open

l\/hddle-S k
mall-Spar par

Transient Arc Stable Arc  Short Circuit|

u(S)

0.5

0 . R R .
0 01 02 03 04 05 06 07 08 09 1
Output-Sp

P 5 A e SRR pR AR

Fig. 5 Membership functions of output variables

F2 AN RSENEZERN
Tab. 2 Fuzzy logic of discharge states

in unit of analysis cycle

o JAE/ AL

R ) i x
i T i INIAE Ok A
e AN K AE K A W5 119K
x B ol g 51 B

4 FRB R SRRk AW 5 3

H1 AN T A FR AR A R I T[] — b A B i
PR A AN R o 357 AR SCHR Y A9 AL AR 285 32 0 ke ) A



666 e KEE TR 518 %
U 75 % A A 00 235 SR g 4n S b S B 1 X b 22 S5 D) R
AR B L MERA P . R N T SE 5 3R W T i g
% TE i S BAR S, 2 ME AR R S Y B L 4 5
BoAE T LAUL ], LR E: MIREAE N 0.1 Q"S
mm, ARV T AR R R B8 AR W o = 1
KR EAREE A T KT8 5 s, BKIE] 25 ps,
T AR 33 kHz, L2584 700+2 200 pF, 3R KL A5 05
%ﬂ»j 9 MHz 0 100 200 300 400 500 600 700 800 900 1000
° Sampling Point
5 — 21 S5 W ARORE R BE T B L 1R 6 FIAL 7 B
N T 5o T 5 e SR 9 30— 2L 1) B o, o e i e o S ORERORREE
i AR T R SR T 3 S kAR Fig. 8 Discharge state values of sampling points
8 h & i 2 A% AR BOHE LA S R AR B 0 R R .
SRR S0 () F W { ﬁ
0.8
150
0.6
100 =
> §0.4-
= 50
S 0.2}
oM J L
0 A ]
. . . ) . . ) ) ) ) 0 50 100 150 200
-500 100 200 300 400 500 600 700 800 900 1000 Discharge Sequence

Sampling Point

B 6 SRAESEBILIESR 5

Fig. 6 Gap voltage signals of sampling points

Ik)/A

1 1 1 1 1 1 1 1 | ]

5
0 100 200 300 400 500 600 700 800 9001000
Sampling Point

B 7 RAE BB RS S

Fig. 7 Gap current signals of sampling points

9 FHIEL 10 Sy 22 ad R A R RUIR (Y R
IS A0 A S A P A IR 2 R R T i A 2
4 A 23 BT 3 33 DA B ) T PR R B R R K
B/ LR s 285 3 A7 J 00 9 B T IR S L 7
AN 11 BroR (94K B S 200 5 FR CH PR 2 A
fi.

ST AR R E TR R A
P B i A5 B B S 200 85 1 750 R bR 25 f s B 0

B9 T 7 0 Y AR

Fig. 9 The “short rate” of discharge sequence

n
0 50 100 150 200

Discharge Sequence

B 10 Rl R IR ke B
Fig. 10 The “spark/arc rate” of discharge sequence

Bl 12 iR,

H 28 50 AT FE G T i 4R A
TAF R TRCRAR G RO R AR B, KB £ H
B, KA/ IR LB R 5 T S i AR
JHCHL B G AS 5 B AH L 1Y) AR/ HL SIS L B3R N
XFHCBE 11 I 12 I, 12 oAb T kAR HLER
ARSI RAE S B H B k2D, 3% 1 & TR %
i F AR S I RO AR 22 R IR AN 8, kAR
HL OB R 3 /0 1 21l . 256 38 B 3% 36 1 G



45 3 TR B LS AN H JRE N T R R S T e A T 667
Wk AT N T, SERG 45 3oy an 2k 3 FEk 4 iR .
09r

AL

03F
0.2

oL UL

0 50 100 150 200

Discharge Sequence

Sp

T

P11 JCH e 0 A H R A A e A (23 D
Fig. 11 Discharge state value output of discharge se-

quence (test 1)

0.9
0.8
0.7
0.6

T T T
—_—

0.3

S 1T

0 50 100 150 200

Discharge Sequence

P12 HL 3 I b bR A e (SR 2)
Fig. 12 Discharge state value output of discharge se-

quence (test 2)

S5 R BB 52 I I HLIE A b Sz e H 552 B A o T R
(ERUA

T LR S B A PE T SR T B R AR )R
JER 1 mm R 5 — 2 I AR 48 1 1 2 W TR A
IPEBEAT NI 55 2 IR SCHR Y A 8 e A3 A

S % Lk

(1] A9 s Kiem Tk &EHRE RN a) 2k
Ao 7 ik [ D] K% R H R4 . 2005,
ZHOU M. The methodology of discharging-state

identi fication in micro electrical discharging ma-

x3 E-HIBRER

Tab. 3 Experiment results of group 1
LF 5 1 2 3 (Y
I TR £/min - 9. 50 9.28  9.32 9.37

R4 FLELBER
Tab. 4 Experiment results of group 2
LF 5 4 5 6 S 4 {1
Jl Bk E] £/ min 7.32 6.97 7.57 7.29

XFEEE 3 A 4 W UL B A SCHR H A AR
AR AT G W S5 A6 I 7 32 LU N P A 48 91 2 R T A
I3 4 i TR IR] 46 S8 2. 08 min, B T RLCR B2
22,20, HEAT UL R AR SCHR Y 1 B L K AE
CHEL AR 785 T 5 S G I T 3 d B PR L S
G VA P TR TR A R

A SCAE X £ 58 14 T 2 VL KA T T H R S
RO 5 35 AT 23 A AT 58 A R Al B XS Al
AN T3 AR R e AR BRRE R VR T
TP W S P AR SR A B B T —
ob S AR 22 A1 20 P AR T O AR A B
WIS A I 7 3 o S B IE W L AR SR H A R AR S
S RGN 5 3 R T A R i R R s
3 JEE RRIE B 2 17 2 A0 AL 5 5 A% 8 A R T T ik A
PO ERSOR AR 5 22, 200 0 A W 5 AR E R ik
FEL O T el Ry S O PR AR T AR G IR A A S
Tt A o [ B S 2k — 2 I i S 4 e A8 i Tk
FPRZS 00 (9 AF 4R 116 1 R4 RS PRAIE

chining (micro EDM) [D]. Dalian: Dalian Universi-
ty of Technology,2005. (in Chinese)

[2] WANG W M, RAJURKAR K P, AKAMATSU
K. Digital gap monitor and adaptive integral control
for auto-jumping in EDM [J]. Manuf. Sci. and

Eng. ,ASME:1995,117(2) :253-258.



668

K% T

%18 &

[3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

RAJURKAR K P, WANG W M. Improvement of
EDM performance with advanced monitoring and
control systems [ J]. Manuf. Sci. and Eng.,
ASME :1997,119(4b) :770-775.
BOCCADORO M, DAUW D F. About the applica-
tion of fuzzy controllers in high-performance die-
sinking EDM machines[J]. Ann. CIRP:1995,44
(1) :147-150.
TARNG Y S, JANG ] L. Genetic synthesis of a
fuzzy pulse discriminator in electrical discharge ma-
chining[J7J. Intell. Manuf. ,1996.7(4):311-318.
TARNG Y S, TSENG C M, CHUNG L K, A
fuzzy pulse discriminating system for electrical dis-
charge machining[J]. Mach. Tools Manuf. 1997,
37(4).511-522.
LIU H'S, TARNG Y S. Monitoring of the electri-
cal discharge machining process by abductive net-
works[ J]. Adv. Manuf. Technol. ,1997,13(4):
264-270.
LINCL, LINJ L, KO T C. Optimisation of the
EDM process based on the orthogonal array with
fuzzy logic and grey relational analysis method[]J].
Adv. Manuf. Technol. ,2002,19(4) .271-277.
RA&A, A% L. B KIER/NUN T T2 S8
M ALAEFFE [T ], AL =42 5 4 . 2003, 2. 106-112.
JIAZH Y. ZHOU M, YANG L. W. Study on the
optimization for electrical discharge machining micro
and small hole [J]. Chinese Journal of Mechanical
Engineering :2003,39(2):106-112. (in Chinese)
WA AF, 245 F. BT H B L5 K CHE M
BB RUNUIN T C 2 S B ALT ] puk =42
5 3K.2007,7:63-67.

EER N

“

WIS (1984 —) . L. il Tk AL T
T A, B R AN AR N Tk
E R A A I 55 AL R AR R s i 1) 1 A0F

%% . E-mail: amyindut@hotmail. com

[11]

[12]

[13]

[14]

[15]

JIAZH Y, GU F, WANG F J. Parameter optimi-
zation of EDM micro-and-small holes based on sig-
nal-to-noise and grey relational grade [J]. Chinese
Journal of Mechanical Engineering ,2007,43(7) :
63-67. (in Chinese)

BRAB AT A RF T, S L AR N T T B
HURZS A M #y — Fbogr r ik L)), & w = 5 4 R,
2001,3:27-29.

GENG CH M,ZHAO W S,ZHAO J Q.etal.. A
new method of testing spark states of the gap in
EDM[J]. Electromachining & Mould , 2001, 3,
27-29. (in Chinese)

BRI S A REIM] JLE ALK T
Al B At 2005,

ZHU ]. Fuzzy control and system principle[ M|,
Beijing: China Textile Press,2005. (in Chinese)
MR EFT, FRBCE. BT RS 8 A5 75 0
FLETHIAEZAGI LT ] &5 H % T42,2008,16(7)
1230-1235.

YANG ZH J, L1 X, CHEN SH F. On-line moni-
toring micro-size drilling based on rough set fuzzy
control[J]. Opt. Precision Eng., 2008,16(7);
1230-1235.
) BE R, AR K 2 ER BB HAR[M]. Jba
Hh [ 25 S Rk . 2001,

LIU SH G,WEI J] M.ZHU Z CH. Fuzzy Control

(in Chinese)

Technology [ M ]. Beijing: China Textile Press,
2001. (in Chinese)

PASSINO K M, YURKOVICH S. Fuzzy Control
[M]. Menlo Park: Addison Wesley Longman
Inc. ,1998.

E/NE (1982 —), B, ZRLZ M A B
TG EE N FH A — bk
AER S FE R L K AL DL IR G2 Bl 45 1 % 7
W ) W 9%, E-mail: ritter0302 @ hot-

mail. com



%3 K T A - DA R AR T TR R 2 02 2t S A 669

ST E
F BRIT (1963 —), . il THIFI A, 1
RS- € L R B T s N 1
AR 5 A8 L D e AL
R H AT &% DL &5 D7 T BF Y
E-mail: jzyxy@dlut. edu. cn

I (1982—), B L TFRIFE A, W
g A, BN F L — Ak ok
T B AR E R, E

mail: zhengxinyi9(@sina. com 5 b !

x

@ THAT &

CUDA ¥ TH % & B &N EmEEERH

EFRE ALK BLA EHRY?,
Az, P e, 8 W
(1L FERZER FMNENEFTRIEAFR A (E)LH HM 215163;
LHEMRFER KALFRENRS HEFR, T4 K& 130033;
.HEMFR FR AR, LFE 100039)

FIH CUDA $#EA7T T R & E A 0 ' 2% 5 550 A B i s T35, 1 X &5 20 PR R B 38 N2 &R
G5 A28 T WK RO A I U T BOE R AT B R38R T CUDA 38 FH 424 5 g 37 7 CUDA 52 3% 1
KO BT 00 e B RY AR BT ARL g LT AT R A RORI T %ﬁﬁ—ﬁ%‘%&ﬂ’] AL ) FVECHE Bz Il
SFEL %, a4 T GPU 5 CPU i %t 25 . 45 R %W . CUDA 115 4 ¥ % 512X
512, Zernike Z 355Xy 35 T4 I A A AT 75 B R B 1 ms, 58 B R AL 8 CPU I 1w 4008 A B 19 L

i





