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1.1 AEML
111 HENTORE

J##E T (Electrical Discharge Machining : EDM) [Xili=e/KZ Tk & L, Mg
CEM LN T & B pm] ~E - [wm] bR TR BB IS kb S, A (B &N T OR) 1
MEERESEDLHETHD. ZOKMEIZLD2BMEM &N TROSILERIERIZL D,
R B2 BRE L, PO CER 2R S Y5 Z L 280 KL CaBRME 2 T4 2% 0l
HEMLOMME X % Fig. 1.1 (2”7, —FOMEIZ L > T LM S D EE DK E
SUIMELOPERCIN TIRFOBERSGM7e LI X 208, BRI [um] ~%#% 5 [um], % & 2348 [um]
~EA-[pmlFRELRTH 0, ZEOWA 22 IR O B L o TRE RBRIN LM Thivs.

Dielectric
working fluid Electrode

Work tank
Electrical discharge / e

/ Workpiece

Fig.1.1 Principle of EDM

1.1.2 HKEEREOBK S 2 & R
BEETIZEZLNTWVD —HOMEIZ L D HEERK Y vt AB% Fig1.2 |21, %
T, M THRENEAEL, BREEOHWT —7 LD, 7T—7FEOREDN 6000~
7000[K]4 & EiR & 72 5720, BB KON T OMEIDNER - K%+ 5. Z O, TR
DOEALIEFIZ L0 BEIIZ R Z REDBRAET D, &I, B4 LTENT X > THEE
BRI L, MEBENEREND. A0 ot 2 & BT &5 E 56 v k4
LIk InTEITT D,



Dielectric
working fluid
|

Electrode
Arc column
r'd
-
Workpiece
(a) Discharge occurrence (b) Heating, Melting, (c) Vaporization explosion (d) Scattering of debris
Evaporation

Fig.1.2 Process of form a discharge crater
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Ba bbb I & kkA RFATIIEIC X D i STV 5.
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B 1 BTRATZLIIE, N AE— I RATEAWBEBSOBIEITRECIThh TR
D, HFRMREDWME SN TS, LonL, BETITERMME TG E UORET 521
L TREDORBEOFEMALARTIIRATH Y, —ROKEFIBT HMHEHE % 155128
HINDIZE STV,

EH G 4 FAEDEEOREENIETAA AL — RH AT 2 AW mEHRRE OB 41T -
7o LML, MEICLDRIEOEEIZLY, MEPOMMBS A ICBIZET 52 L3N
HCThotz., 22T, PHELICE - THE SN FEMIZ LY, KEICLDBOEEL
AT TICHETOMEB L L WMICBE TE LIl REB, "M AE—RFRIT AT
(KEYENCE Co. Ltd, # #F : VW-600M, =% —:VW-9000) |2i%, @EfFRDONZFL
> X (KEYENCE Co. Ltd, VH-Z50L, f#% : 500 f%, WD : 85[mm]) Z##& L, @mfif=%
THREBIGOBIREZ1TZA D L HIT L.

2.2 EBIEE - Hik

AREER T L 72 EBEE OIS A Fig.2.1 1ORT. FFESIC K> TR SN HET
HY, BEDOL—VP—EZWIXL LT, ZOREOALAEZBEBIEDLNN KRR T 4 LH
—E N LTEBEREMEE L. KRERTIHEE 532lnm] 08K L —F — LR
532[nml], ENE 1.0[nm]D /X RRAT 4 W Z —EfAEDE-. MLEEIIKTIZEN
THIIR B EE & L2, B Z 7 272, IMIWlgmase s Lz, HElL FET
D7 — M ERWT, WBEICEREEZHMURECERMD Z AT —YDF—%—%F
BTl Z S L DRV IC K > TEMZIN TSI, REERES .

PV ANBITIE DA LTZ R OB A M L C, ERMEZ Y LT, FET O/ —
FEPALD Z LI H o TREL. 7LV RRERIET 720DV AT Lk Fig.2.2 I[TRT.
HERR O F 7 > MZ FPGA % A7z, FPGA &3 Field Programmable Gate Array DM
FETHY, Iu T ATEIMINAEERT NA A THH02. [LabVIEW] &5
WY 7 FERWT, BWERME T T 57007 n T Axffk L, FPGA (T2
VANV ERT. LabVIEW S X7 T 7 4 NIRRT a l T I 0 JEET, 7T4art Ay
—EHWTT a7 T LEERT DY 7 b =T ThoHE HERROh Y hoTa s Z
L% Fig.2.3 1ZRT. Fig230IRd 7 av s XA T 7T AEMIND VA > KU THE
Wil v N T 5707 a7 AEER L. 7R 7T A RITS /RIS, 7,
FPGA 75 FET (218 5% 7 Liseld, FET O 7 — R & # BV T BIREE L LTz, £ D%,
BEDORAEL & HITERE R L, igElE 4wl LT FPGA IG5 2 A LTz, Z DRk,
Fig.2.3@IZrd 7 m s bRV EMEND VA RUTAS LIcERHEZ T b L,



IV ANEZRTE L2, JHEOK TIX FPGA 7>5 FET ~D{E 5D H %1 X+, FET ©
F—hr LA Z LIk T To 2.

Motor
7 stage

/

Band pass filter

Optical lenses
Electrode
-4 Laser light \A I:I
I ©
FET High-speed
\ \ camera

Workpiece
Current probe

Resistance
Photo-coupler

=/ Comparison
circuit
PC FPGA

Fig.2.1 System for a single discharge observation
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Fig.2.2 System for the pulse duration setting



Pulse duration[ps]

-

0

(a) Front panel

]
y I ConnectorC/DIOO®
!

I —
B ConnectorC/DIOTS
ﬂTrue -—E

O00000000000000000000000000000

Pulse duration[ps]

=2

> I ConnectorC/DIOO®

ﬂ False :h

(b) Block diagram

Fig.2.3 Pulse duration count program

2% Table 2.1, ¥ 5A4% Table 2.2 |Z/R” 7.

Table 2.1 Machining conditions

Power supply voltage

200 [V]

Current limiting resistance

10 [Q], 30[Q]

Pulse duration

100 [us], 300 [us]

Electrode polarity

Negative

Table 2.2 Photographing conditions

Exposure time 1.11 [ps]
Frame rate 2.3%X105 [fps]
Resolution 160 X 32[px]
Magnification 100

2.3 EBRERBIVCEEL
281 NYRRRTZ4AE—DFR

MR L 72 B2 R A U CHEE R ORI BRI 2 i L 72 kk 7% Fig.2.4 IR 7. FliEn
v RRAT 4 =72 UCTHBIBBR 2R L-. TOfE, Fig.2.4@IRd X 9 ICEI
LDFNDOFEC L BHREZWRICBRET LN TERNSTZ. 22T, Ly
ADRIZNY RRAT 4 2 — %0 AT CTREBR S 26 Lc. 2ORE, Fig.2.40)Iic



ATEDICHE R THDICHED LT, WEIC L D2IEOREL 2T T I IS 2 Wi

WZBIET 52 L mReL oz,

Optical lenses

Laser light E
High-speed
camera
Electrode
\ 4
v
v/
\/
Workpiece
) _ 50[um]
(a)Without filter

Band pass filter

Laser hght Optical lenses

High-speed
camera

Electrode

Workpiece

50[pm]
(b)With filter

Fig.2.4 Observation of the gap during the single discharge using a band pass filter

2.3.2 BEIFEROBE

Table 2.1 12/~ L72NLEAFEOEET & 2L ZE D
TNHEMEBELRESE, MEBRZEZEE L.

HAEDLFICEY, 48 OFETER
TNENDORMEICBWTHERE LD E

HIL7ZEREB LIV REEZ E EDZH D% Table 2.3 1237,

Table 2.3 Current and pulse duration

Current [A] Pulse duration [us]
@® 6 100
@ 6 300
©) 18 100
@ 18 300

Table 2.3 IZ/RL7- 4 2DO5M4T

(ZBWTHEETIZE T & 5 2 im0 g OFREHAEL

HINTDT, KX TEO L @DFRHFITBN TR SNIZBHB IOV TR~ S.

FMHEOQOGH OB LB ORI L ORI
LR o TR SN ER % Fig.2.6 (27,

T £, ZOSMOHEREEL

BT DI 28152 Lok R & Fig.2.5 1R



(e) Heating

(d) 2nd explosion (25.8[us])

— .

and 1st explosion |

. |
Electrode:(-) 10[Adiv.] o ) = ===
— . = =
) — Pl
Workpiece:(+) 100[ps] , 20[us]

(a) Before discharge () After discharge [ _]
occurrence 50lu

= I 1
——— p— 1 1
Voltage | |
(c) Heating 100[V/div.] L _1 !__ (g) Heating
2 ! 1 R
- ! | |
= = — = I I =
! | |
(b) Discharge occurrence G . [ : : 1 (h) End of discharge
urren "
| |
| |

Fig.2.5 Gap phenomena observed during the single discharge with its discharge waveform

(discharge current:6[A], pulse duration:100[us])

== e ==

Fig.2.6 Photograph of a single discharge crater
(discharge current:6[A], pulse duration:100[us])

TR AR & RN, R O P L 7P I L & LTI L T DR 2581
L3Nl D%, 25.8[uslBREDHITMEI~DIME L 721, TR L AR RIS 2867
IR SNT, BEMIAND 25.8[uslD & A I ZITEW TR OVER L7 B3 R L 7=
2 51 H ORI B O R, 51.6[usIFEE OBITMEIOIMBREE L 72V, HKHERKHI O
T7.4lpslD 5 A X 2 7BV TR LA B RER L7, BB A2 B T £ T
—FEDOIETIREA BN T & UTORBL T 287258 50m8], BIXREICBIZE S hiz.
F2, ZORMOBEFEBEIZL > TSN HERELZBET 5 L, M ERRIRE S
N &9 R B S Tz,



w2, ZUEOQOBEDOHEBIKEOWR L LOERMICK T 2BMEBE LB EE
Fig2.7\R"7. F£72, ZOFRMFOHRBIKEIC L > OBk SN EEE%Y Fig.2.8 [ZRT.
FUHOOREFR LRI, B E FRHNC, RO B FICEER L3 L & L
TR L T DR Bl Sz, 20k, 8.6[uslEEDORITMEI~DIE L 720, Vfl
L7 MPBE SR Dk ITBlEE s T, HERE) D 8.6[uslD ¥ A I v 7BV THOW
Al U= PRk S R U7, BB AR, 8.6[us]~279.5[us] DI IAREAT B O & 48k
BN R LATOR TV AR BIER SN, QDR & FERIC— 5 O ME I i
MRS & U ORB L TV DRk 5E], MXRBICBIZESh, L AEER LE
BE, WEMAEISIN TR & U ORI 2 RIENS M L. £7o, REEEOLLIZMD-
TR TERRET 256 L HIUE, EHEOELLDORIZHD > TRET HHE D
HoT.

£, ZOFBOHERBKEIZL > TR INREREZBIZT 5 &, BN 6[A]ORIC
TERR S T2 BB EEIR & i L C, BEARDPKREWKEENSER SNz, £z, 7OV RER
100[us] DEFIZIZAR ST R EIR & ik L <, < DIz L > TlREIREZ X D 720
DB INT.

(e) Heating (g) Heating

(d) 2nd explosion (8.6[us]) () 3rd explosion (47.3[us])

(h) 4th explosion (94.6[ps]) (i) Heating

(j) 5th explosion (133.3[us]) (k) Heating

(n) 7th explosion (227.9[us]) (0) Heating

(1) 6th explosion (167.7[us]) (m) Heating

(q) Heating

(p) 8th explosion (253.7[us]) (r) 9th explosion (275.2[us])  (s) 10th explosion (279.5[ps])

— i

Voltage
100[V/div.]

(c) Heating (t) Heating

> I'

(b) Discharge occurrence (w) End of discharge

and 1st explosion

1
L}
1
Current {I 1
1
|

FPE.

Electrode:() 10[A/div.] 1 mr—
——— « |
>
Workpiece:(+)

(a) Before discharge
occurrence

300[us]

»

50[usl

 E= =2
))w

(v) After discharge

50[pm]

Fig.2.7 Gap phenomena observed during the single discharge with its discharge waveform
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2.4
FHESICE > THRESNIEHEEZHNT, KPICBWTHEREZ A S, MmHHS

; 120000m £

Fig.2.8 Photograph of a single discharge crater
(discharge current:18[A], pulse duration:300[ps])

]

BROHBBERZBE L. MR TICERNT 2.

o)

FRED L —H—NERIAELE LT, ZOREOAZBIBIEDH/NN RAXRT 4 )L —
ENLTBIEREMETHZ LICX Y, MEBIZX2REOEELZ T TICHmMHE S %
PAMEICBIZR 5 2 LN TE -,

ETOBREKMCENT, —FHOBME TR LA I TE E LURBL TV
B 285l BIRBICBIZ Shz.

ZNENDOBELIFMFINC L > TR S NIZHREMERZBLET D L, ETOHBEMER
IZBWT, MBI EEEIRE S &K O R B ST,
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FIE KHTHRBHEICR T IBEHAZOBLE

3.1 #E

DT BN X DR OB Z D 72DI, MTWERHEM (S50C) &L, % 2
D 2.2 Tl LS L O S0 RS 28122 L7z, BB 18[Al, /1%
& 100[uslZf%E LA O A B O R L OE I T 2 2 882 Lo %
Fig.3.1 lZR Y. £72, ZOXMOEHBHEICL > TSN HEREE~A /7 aAa—7
T 3D JRIRICEHAI L 7o /5 R & Fig.3.2 127,

(d) Contact of the electrode (e) After contact of the electrode
and the workpiece (34.4[us]) and the workpiece
q I
- — —
- — Voltage :
- 100[V/div.
(b) Discharge occurrence (Vidiv ]» I I (f) End of discharge

and 1st explosion

Electrode:(-)
Workpiece:(+) 10[A/div.]> !
_

(a) Before discharge

3 1
{(
occurrence <

» »
100[ps] 20[ps)

Fig.3.1 Gap phenomena observed during the single discharge with its discharge waveform

(S50C, discharge current:18[A], pulse duration:100[ps])

(g) After discharge -
50[pum]

(a) No indication of height

Fig.3.2 3D photograph of a single discharge crater
(S50C, discharge current:18[Al], pulse duration:100[us])
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Fig.3.1 XV, KRG & RIRFZ, FE R OB PHICE R U 72 B O3 02D B3,
WWNTITIE & L THREBIL CTW DR BIE S, TEERLE) D 34.4[ps]th £ TOM, &
Al L7 B BN TV D8R B S, RS 34.4[uslB DX 1 I 72BN T,
RS (FERR &N T oA N4 L. EREPREAE LEAI1CIE, HIZER L DR
REL 725728, FKNIEAE LB OBHBRIZEITR SN2 o7, ZOLEDHEIREK
%{E? BRI DL, WMEIEOFTLEIED ER->TWARREETH-T-. Z0KY Eno7-

SIINEEMR & L7270, BAENBAE LT E B LN, I IWE e L LTSS,
iﬁ@;oﬁ@%iﬁ%n@@ok.bﬁb 52 WD 2.2 Tlk_7z X5 IZEMAO Z A
TV DF—F —ZFETET Z LK DMLY TEBZ I TYIE T 2221280
WEERAESE DL HIETIE, BENEA LZROMBESN —E L1372 bRn. 22T,
R BEHE LS & 2 SEBRAE R~ DA 72 T2, FEBRIEE (SR FEEESIE 2 0 %, H5
HHfZRETEL L5 L.

Fio, B 2ED 2.2 THRANTERESMGOLE, HREIL 4.3[uslE AT b2, HERLA
DEAIVTENARE—= NI RATOWRERIEDZ A IV THRFEHIL T WD, E
BAGARED 7 L— L5 Hld 5 Z L BAREECH 72, =2 T, WERBOXA I T g

A= RARATORERBOZA I 7RIS, ERGRO 7 L— A%k L.

3.2 ZEBREE - ik

R[] B A 40 2 0 % 7 SRR 1 OAENE X % Fig.3.3 1Rt . TR FICB W TEHE
BRI H & Uiz, BWULY 7 A7, ITWIERER (S50C) & L. MREEHSO
BEITIEITSE 2 D 2.2 TR HEEZ W,

Motor
[D Z stage(1)
e ——
PC FPGA Band pass filter
Optical lenses
Electrode
- Laser light /
1 °
FET High-speed
—I:I—L Z_ camera
Resistance Workpiece

I::I Photo-coupler Z stage(2)
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Fig.3.3 System for a single discharge observation added gap width control

U A 2 98 E S S AN FPGA 2 B D Z A7 —P(DIZIR Y T T o 27 v B
Vﬁ%~&~m1rm%fomﬁﬁézkmiéww%bfﬁﬁ%MI% WA, ST
BAAEREIC L0, B &I T & o2 EXAICHE L7z, FPGA NS VA 55 %
mt¢é7u77A%Fg34_, WA N A1 % Fig.3.5 (Z/R"d™. S A g 115
F & INTH) & OEEfR 2 AT 2RO BT 20T, WY LBHSIATA D L O ICEM
BROINTY L OB IIRA &2 Ve, E72, Smmmiam RIS K 2 M EE 0wz 2
Fig.3.6 (\Z/r 9. B LI TR L COZRWERT, MEICEIREE2SEIN S Th ik
D=9, Fig.3.6@Iirnd L2 5IVIOEERERREND. BMEMTYRHEML T D
FEX, BIRONRAEET T DIRIED 729, Fig. 3.6 T X 9 12 0[VIDEERERIND.
FREOFIEIZEY, EMmREMNIY L OEKH 2R Z R Lok, Sz Lo nE s
BAEL LC, MIMANCRE LT Z AT —Y @& TT 2 Z L2 X > CHEFEREA B E L
7.

1 pulse

umber of p
J' ]
INumhero[puIse — OO0 0000N00N0000N 0000000000 pPo0N 0000 D0N D000 0000000000
:Jll‘o—" ON time[ps) oj..s!
@ EpilE (-3
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(a) Front panel (b) Block diagram
Fig.3.4 Pulse generation program
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/
PC FPGA
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Power supply Resistance 2
5[V] —_— 100[kQ] Magnet

Workpiece

Z stage(2)

Fig.3.5 Reference plane detection circuit
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and the workpiece and the workpiece

Fig.3.6 Waveform of gap voltage using reference plane detection circuit

Fa IR 2 ARE %, MR ) O SEIABE £ LN L 72 IRIEC FYG 75 FET 2/ SV 2 (3

BEWMATH I LICkY, HRERELEAES . SOV R FICG ORI ERES 5 2
LICKDRIELE. 512, FIG L A — K A TRFEH LT D720, FIG 55 H)
STV AME B2 FET IZ A S 8% 0 & AR H BbA S 15 . L4 % Table 3.1,
Wt 4% Table 3.2 (TR

Table 3.1 Machining conditions

Power supply voltage 400 [V]
Current limiting resistance 15 [Q]
Gap width 5 [um]
Pulse duration 100 [us]
Electrode polarity Negative

Table 3.2 Photographing conditions

Exposure time 1.11 [us]
Frame rate 2.3 X105 [fps]
Resolution 160 X 32[px]
Magnification 100

3.3 EBRFERBLIUEBE

3.3.1 MIEDORARRE

FROEFREBICLY, [PHBMEOWKE S L ORI T DB &2 BIE LR
% Fig.3.7 IZ~ 3. Fig3.7 OFRMNFER L7 HEEE TH Y, Z O EPHICRR %18 > TH
A RBIG NN 7 L— AR E M LR EZ R LTS, g id 4.8[pslE 2 7o, 1
KBDO7 L— 21213 0~4.3[us]l DM BWTA UEBSNIRE SND. FIG L g AE— R
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‘ : Scattering of debris
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— - 1
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(b) Discharge occurrence Current

and 1st explosion 10[A/div.] 1 1
Electrode:(-) —- ’—-I-J :
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occurrence . 50[pml]
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Fig.3.7 Gap phenomena observed during the discharge with its discharge waveform
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Fig.3.8 Time and number of the debris occurrence during a single discharge
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Scattering of debris

(e) 4th frame (12.9[ps])

(d) 3rd frame (8.6[us])

1
— 1 i
1
1
1
1

<
~~ _Raised face
<

3

(f) 5th frame (17.2[ps])
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(c) 2nd frame (4.3[ps]) i

|

I______r______
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| . !
1
20[A/div.] | '
(b) 1st frame Plmemnemde ] (g) 6th frame (21.5[ps])
Pulse I 1 1
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Electrode:(-) 5[V/div.] ! ! ! =
- o 1 4 1 (e
e, g
Workpiece:(+) Trigger 5lusl
(a) Before discharge (h) After -

discharge 50(um]
occurrence

Fig.3.9 Gap phenomena observed under the short pulse duration with its discharge

waveform

Fig.3.9 (2130 A HIfME B4 L OB D 4.3[uslED 7 L— 2% 2 TRL TN S,
Z OFFO BRI S[usRETH Y, KD 7 L — MTERMET & b TEN
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Sk EIR % Fig.3.10(b)I/R~7.
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Fig.3.10 SEM image of a single discharge crater
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Fig.3.11 Gap phenomena observed under the condition of workpiece(-) with waveform

Fig.3.12 SEM image of a single discharge crater (workpiece polarity:(-))

Fig.3.11 3Tzt s LT, 100[pslod L ZMEO ST 5 BREMEOWIE & &
HICHEREND 21.5[usl F TOMEIBIGE L OIREO®RT TH S 64.5[us] ~81.7[uslic
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FEL QOSBRI Bl S, EMEREMm e LimGa & i L TRE L.

Fig.3.12 |8 LI HRMERZ BT 5 L, 2K LTHEOKERESER SN TV,
DI, MEREREEZFEMICBET 2 &, M TEOAMERERE SN & 5 2203 E5
SNz, UL, BRBEOEWVEARELAHANCBEH LIEBERTHLIEBEZOND.

3.3.5 MIMMEHZ L Z2MITBOREDZ A IV 7 DE

IIET, ML RFM (S50C) &L, HixhBREMHIC L 2MERROBE R
W7z UL, BGEMLTINLT 2 BHIKEE (S50C) DA LIRS0, £ 2T,
R (S50C) LSO Lk ke LT, Highea, FH, W\, #, ¥ VAT 0%
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BIZE L7z, KR (S50C) 25T 6 DOMEIOYMEZ R 0 L BMmER JITERALTE L
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Table 3.3 Physical properties and 16? value of materials!'7 (18l

Melting point Thermal conductivity

Material JIK] Wi - K] 262 x 1078[W - K/m]
Zinc-alloy 653 105 0.45
Titanium (T%) 1941 22 0.83
Carbon steel (S50C) 1690 44 1.26
Brass (Cu:65%, Zn:35%) 1205 114 1.66
Copper (Cw) 1356 395 7.26
Tungsten (W) 3683 167 22.65

FREEHZ BT, ZN2FN Table 3.1 (28 L7 T4 T 5 MO HEREHEBEIEBREZITV,
ITIB OB DA LI 2 % & 7 b OB L OHERKEED 1% Fig.3.13 (277,
P, R#EM (S50C) oW T, Fig3. 8- LT HODF—ZD 5 H No.1~No.b ZHk
HLTORT.
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(a) Zinc-alloy
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Fig.3.13 Time and number of the debris occurrence during a single discharge with its

discharge crater
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Fig.3.14 Model of the material removal mechanism
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HBiIE7e & TH B 200,
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T 7 U AT &0 AERLU 7200 Tl 2 f 20 A A 72 BRI E ORERS X % Fig.4.1 (287, I
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y\ Work tank
FIG I::I Photo-coupler 7 stage(2)

Fig.4.1 System for a single discharge observation in EDM oil gap

BAOT 7 VR ZEBEQTER LN THE%Z Fig.d.2 [Znd. iz, FRICIXEEREOMT
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Fig.4.2 Work tank
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FEER VLRI EARINCE 3 7 3.2 TR HiEEF U Th 5. MEEREZRE L%, T
N TR & iz Uic. 2 0t%, W HCE R OEIREE 2 HIN L7 REET F/IG 75 FET
WSV AEREEZM T HZ XY, BRNEEBEIET. IMLEM% Table 4.1,
(k% Table 4.2 (2777,

Table 4.1 Machining conditions

Power supply voltage 400 [V]
Current limiting resistance 15 [Q]

Gap width 5 [um]

Pulse duration 100 [us]
Electrode polarity Negative
Dielectric working fluid EDM oil (Kerosene)

Table 4.2 Photographing conditions

Exposure time 1.11 [us]
Frame rate 2.3X 105 [fps]
Resolution 160 X 32[px]
Magnification 100

422 EBRFERBIVEE
FRLOFERIEEIZ LY, P HEBHEOWKIEE L OERMIC T oM 28153 LR
% Figd.3 17T, F72, ZOHRKEIC L > TR S - B kEE % Figd.4 [TR7.
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Fig.4.3 Gap phenomena observed during the single discharge in EDM oil with its discharge

waveform

< \
e RIS

Fig.4.4 Photograph of a single discharge crater (EDM 011)
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Table 4.3 Machining conditions

Power supply voltage 400 [V]
Current limiting resistance 15 [Q]

Gap width 5 [um]

Pulse duration 200 [ps]
Electrode polarity Negative
Dielectric working fluid EDM oil (Kerosene)
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Scattering of debris
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working fluid
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0il droplet 2001[us] 5Tus] (h) After discharge 500um]

(a) Before discharge N
occurrence

Trigger

Fig.4.6 Gap phenomena observed during the single discharge in oil droplet with its
discharge

waveform

Fig.4.7 Photograph of a single discharge crater (oil droplet)
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Fig.4.8 Gap phenomena observed during the single discharge in oil droplet with its
discharge

waveform (workpiece polarity:(-))

Fig.4.9 SEM image of a single discharge crater (oil droplet, workpiece polarity:(-))
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Fig.4.10 System for the arc plasma observation during single discharge
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Table 4.4 Photographing conditions

Exposure time 1.11 [ps]
Frame rate 8.0 X 104 [fps]
Resolution 160 X 80[px]
Magnification 50
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Oil droplet
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Fig.4.11 Arc plasma observed during a single discharge in air gap and oil droplet gap
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| The removal model of formed crater by single discharge I

Dielectric Arc column . A ‘
working fluid N

Discharge Heating, Melting, Vaporization Scattering of
occurrence Evaporation explosion debris

| The removal model estimated by observation of gap phenomena I

Heating, Melting Movement of high density discharge, Evaporation, Heating, Melting
+
Discharge Heating, Melting Evaporation Repulsive force Scattering of Appearance of
occurrence caused by evaporation debris new surface

Movement of high density discharge, Evaporation, Heating, Melting

Heating, Melting Evaporation Repulsive force Scattering of Appearance of End of discharge
caused by evaporation debris new surface

Fig.5.1 Model of the material removal mechanism
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