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Fig. 1.3 Schematic diagram of electrical discharge machining

Fig. 1.4 Observation around the discharge point by high speed video camera [13]
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Fig. 1.5 Basic process of electrical discharge machining
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Fig. 1.6 Machining parameters of electrical discharge machining
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Fig. 1.7 Waveform of discharge voltage and discharge current
Table 1.1 Relation between discharge current waveform
and machining characteristics
Current waveform Machining characteristics
Discharge | Discharge I;igiﬁi% Surface Electrode
current duration rate roughness wear
a Lower Shorter X O O
b Lower Longer X O O
c Higher Shorter O O X
d Higher Longer O X O

( O:better, X:worse )
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Fig. 1.8 Increase of specific machining speed

due to long-term use of dielectric oil [24]



Table 1.2 Analysis of dielectric oils [24]

Used years of the oil
New 2 years 5 years
KnemE oMY mme/s 1.88 2.06 2.19
Acid value mgKOH/g 0.01 0.03 0.01
Density (288K) g/cm? 0.763 0.768 0.769

Volume resistivity TOm 53 10 4
Surface tension mN/m 25.3 25.6 25.6
Al ppm <1 <1 <1
Ba ppm <1 <1 <1
Ca ppm <1 <1 <1
Cr ppm <1 <1 <1
Cu ppm <1 <1 <1
Fe ppm <1 <1 <1
Mg ppm <1 <1 <1

Quantitative

analysis Mo ppm <1 <1 <1
Na ppm <5 <5 <5
Ni ppm <1 <1 <1
P ppm <5 <5 <5
Pb ppm <5 <5 <5
Sn ppm <1 <1 <1
Zn ppm <1 <1 <1
Si0: ppm <1 <1 <1

14
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Fig. 2.1 Waveform of discharge voltage and discharge current
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Fig. 2.2 Block diagram of pulse counter

Fig. 2.3 Appearance of pulse counter
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Table 2.1 Machining conditions

Tool electrode material Copper (C1100)
Workpiece material §45C
Open circuit voltage (ui) 90V
Discharge current (ie) 10A
Discharge duration (te) 250us
Pulse interval (to) 250us
Workpiece polarity Cathode
Machining time 4min.
Servo reference voltage 40V




Fig. 2.4 Setup of machining experiment

Fig. 2.5 Workpiece and tool electrode
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Fig. 2.6 Reproducibility of removal rate Vi



27

225 MIEEOREER

Wiz 9 OGN A L CTE 2.1 OFRECNLEREZIT- 7. 4 5Mom
TIZEVRESNETHEROEREEZK 2.7 12, 4 5B OMTEERPN TORMER
¥a™ 281z, RO THE LAMIHEE 2K 29 1 0RT. B 2.7 280
THERLEHRERRENLS-OEM | T 1964mg, B LD RP-7-013H B T
133.8mg &2 o> TCHR D ZDFHEX 626mg 72> TnD. X 28 IZB W TELNE
BN LN O G T 236,534 [\, fibMEREEDDRCOIEM [T 229,148
Hl & 7o TN THEOmIE 1.03 THD. FRioxt LK 29 2B W TN ER
b REWVOIII I T 3.44mg/s, FH/NSWVOIXM A T 2.32mg/s, WH DI
148 L2 o TV, RERIE D 1.03 128 UM T DL 1.48 & R & i %
ALTEY, Lrb BRSO [ A RS REZRINTHEE &2 - T
L. ZOZ &, ERMICESHKE 1 FYY OREEOERRKENWT L EEK
LCWBH, K27 ORBREELK 2.8 ORERECTEH - CTHE1EYS Y ok
BERDE LD EE 210 IR T.

PLED I 51T, 9 ORI A ER LM TEREZT - 2 HER, EEmic &
S THRK 148 FOMIIEAZENDH Y, TOZEIIEE 1134 ) OBREROENT
R LTWBZ Lbhrolk.



28

s
SRS
.

03 i
L N
L L

.

TR
- @%@

L

o G Ll

«,w,.,,., .\

B

.

OIL

L

250

200

150

‘SSeUI [RACWIAI [B10],

Fig. 2.7 Total removal mass from workpiece

Do

A

o
1 B

Z

e

i

OIL

300,000

250,000

¥ T T ¥

S98.1eYosSIp Jo Jaquunu [B10],

Fig. 2.8 Total number of discharges
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Fig. 2.11 Surface roughness measuring instrument
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Fig. 2.13 Relationship between removal rate Vm
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Fig. 2.14c Machined surface using oil C
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Fig. 2.14f Machined surface using oil F
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Fig. 2.14i Machined surface using oil I
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Fig. 2.15 Explanation of material ratio curve
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Fig. 2.18 Cross section image of discharge crater
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— BN IEE OBMOEGM A EH L72Ge, —ENIEE OB\ EG Mo 1.48
EOMITEEELRD I EER LA, EH2 BT, 9 MEOEBRHEFERLT
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SIS 22EmMAHD L2 R LE. ZROOMIEE FEHE S OM
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BALSN TCORAEIERH D L ERELTND., ZITARETH, § 2 T
BN L E 1T - 7= R ORBEEBEOWEE 21T L30T, B L2#EEO 5 B 1
TEM I HBRE S N=EIEE2RD T,

TAE» ORESNZBIIEN TREO TEWERZMET 52 L Tk
HIDHH, ZARNTTAFIL > TEMESNZEDOTTTIRW. BRsi
RO PO T TERL BBRESN T TEYERICEBE 5. 0K
B U843 HEEEE (whitelayer) & Kidh, TEWOMmZUIE L THA ¥
NTCEyF /T 5 TRETED. BRERZ EEETHEME R L
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White layer

Fig. 3.1 Cross section view of EDMed surface

TEMDBEREINT-E ERERE O 2 AT TIIBREDR LS. BE
Zh# (MRE: Material Removal Efficiency) O EZINZ B 1)ITRT.
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MRE = = 3.1
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ZIZTC, Veemy ML PIZERE SNTEBEREERE, Voad INTHIZER SR
EEMEEEZRT. ZOBREDHRIZONVTUIINE TIZTHIFERN TOILTE .
FREZNFIZ-OVNT Marafona 5 [2]1% material removal efficiency & FEUR, Shabgard
5 [3]4% plasma flushing efficiency & FFA T2 03E D EFRITAFFLOMRELE
ERUTHS. 7272 L Marafona H[2]% Shabgard 5316, LIEMNODREE
SRR B LB AV AR LIeEPHERE 1 VA ORERITEE L
TRDTNED, BEBEITHEBERE N ZAZEE LEBEHEIZL I RD T
V% . Shabgard & [3]iZV< DD ML %M L T plasma flushing efficiency
ZRHTEY, plasma flushing efficiency {2 DWW T, HMEBRMEIC L > TET
BT LB X OMERGERER S 12.8 205 25ps O CHIERHERR O EIZ
Lo TET 503, HrERHGERERAS 50 225 100ps O CIHIZIE—ETHH =
EEWELTND. LnLRRb, #BE s [4IEEBEREIC L HRERE LKV IR
LIEICLD 1 RS OBREREIITECRH D ZLEEZEHLTEBY,
Marafona ©[2]%° Shabgard &[3]DHiETILRDZBREFEOFEDBENRKE <
ROTNDENDHD.

AETHE, BUEBELHESVAICEY NI LETEROBEREE OB R E1T
27X T, R27 IR LEREEDT — & 2 U CRIERLE & FREDROHE
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3.2 WRARMELREDE

321 WRERMEBLIREDROEERSE

KB INER LEBRESFROEHRNUTB T 2RBEERE Vien TXB2)O LD
ICRT T ENRTED.

A =

Temy

p (3.2)

TITC, Wold T TRTO THEWE R, Wa I TEOT/EWEE, o 3 TIEYWOE
FE, Dremv I FHRERSE, Sold TIIEMM LR OEMEEZET, H2ETEHALE
TARMOMILEOKE S133_TC 9mm X 5mm —ERD T, R(3.2)1% Dremy % 3K
HEHELTHBID LI IZERTES.

o 3.3
p- Sm ( )

—J7, MEREREIIREREER L HEEEAEOM TR b 0T, K(3.1)
D Vet 1,

Vaett = Viemy + Vo (3.4)
ErpA. TIT, Vo iTEEEBEREEZTR L,
Vyp = WLT-S, (3.5)

ERDOIND. T, WLTEHEBE FHE S 2 R7. 1> TA(3.1), X(3.2),
i(3.4), F(3.5) & U BERESHE MRE IZ,
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MRE = Dremv (3.6)
D +WLT

EERIN, FHRERS LHEERBTFHEIICL > TEHETE 2. FHEpE
S, PYRERS, FEEBETFHE S OBRREHEARNIR L2 bORK 3.2 127
7. EBBREESE, K 27 WRLULEBREEOT —ZZ AW TH@BI)ITL Y E
HTx 50T, BEEBEYES DDPIZRGBOICLVBRESGRERD D Z
EMTED.

Workpiece surface
before machining

3
i
I
i
i
I
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D remv

WLT

Fig. 3.2 Explanation of Dueit, Dremvand WLT

322 BrEBTHES

TYEWOMIEIE 9mmX5mm DOV A XA THBA, ZOMIHEOEEREE %
BT DD OUWAIE 2K 3.3 1379, K 3.3125 LY@ < TIEY 28]
Wrli-dh L OWrm 2 EmitE L, 0% A 2Ty F o s UCHE
BEZELZE L. X 34 3l A Z268/8 LTI Uz TIEY O B E a8 22
flzrd. R 34alZ R/ L7z 5 DOFEE (=Y 7 1~ U7 5) #EHL THEE
BEEHES (WLT) %2FHE Lz, #EXE2XE NIRRT,
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1 5
WLT =—— > S, 3.7
m% , (3.7)

ZIZT, LT 1 >OEEO x Hak S (RELEERTIL L=282pm), Si iT4&#EK
OFEEBETHEZ T, ZOXIIC U THELE 9 FEOMERMmZHER L2
HOBEEEFHE X 2K 3.5 1277, FEEEE EYE S 9.2um 2> 5 12.6um
DOFFHTIE DO TE Y FHENE 10.1um & 72> T 3.
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Fig. 3.3 Cutting line on the workpiece surface to observe the white layer
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5mm

Fig. 3.4a Whole white layer view at the cross section

Fig. 3.4b Enlargement of area-4 of Fig. 3.4a
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Fig. 3.5 Average white layer thickness for oils
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B 2.7 WRLEBREEOT —F 2ER L, GBI L > TR TEEERERE
E Dremv Z [ 3.6 12779, X 3.6 KLV FEBREE S 381um 226 557um O T
TILLTNDZ EDNDnd. ZOFHREERES & 3.5 127 L7 HEEEE Y E
S WLT ZHWTHGBOIZ L VREDESI RO LND. RDO7ZBREDEREZK 3.7
R 2.9 TR L7z ffih O M & B0 TE 1B Rl & B/ IME D B2
148 H o 7= DI~ K 3.7 OREDRITMEZGMIZ L o TR ERL Lianz &2
DB B 3.7 1R LT BREDERZ 97.6% 0 5 98.1% DI E > TRY, Z0
XS DEFIZDTH 05 KA FULhden, 22T, XEBEOHLDONEEE
55T % Dremy THEID E KBV ELND.

MRE = ———— (3.8)

D% D REZE MRE 1X, FEEEFHE S WLT & EHBRER X Drem DT
WEDH LN Z LMD, K 3.5 10R U7 BEEREE EHE S 1 10um i OfE
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Fig. 3.6 Average removed depth for oils
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Fig. 3.7 Material removal efficiency for oils
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Fig. 3.8 Average removed depth for various discharge durations

1060%
oy
&
¥s, 98%
&
(3]
';‘; 96%
£
® 94%
’.’g“
2 92%
=
0%

Ot.=50us
at.=100us

Fig. 3.9 Material removal efficiency for various discharge durations

52



53
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DIFFETHBH, K311 IRLEL L, AR TOMLEME T, 1 HE S
ALY OIRFEIZL > TMTHEEREFSNTNDE LD Z L5,



1.2E+05

1.0E+05

8.0E+04
6.0E+04
4.0E+04

2.0E+04

Melt volume per pulse, pm?

0.0E+00

Fig. 3.10 Melt volume per pulse
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Fig. 3.11 Relationship between melt volume per pulse

and removal rate Vi
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