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BL, ZOEANEEOA EE ESICHERBNT O, BEREARBEMI O, SIRKE
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MIZOEEBMIZE U TIRBAICHANTONTEZY, PSS UIVRFT XAy F 27 EEN
BRINTISE, HBEREZHHT A LI THEIRVF -2 IDBRIFEZIED
Duty factorDFIHNAEEEL D, HABREDOMLEESB S Z EMA[ERICHE - 72", FERCX
Ay FrVHEBIZLDEFNICHEBRZEN TX 572, 7—7 201 URE U ANE
BEEILD, EoRAMIBEOHEE S-S L. LHAUMIEBIC X DN TREOBINER
BICIEMIBREEICLORENRD D, TBRELPINIEE I EMMoMTEEOEMI
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MIHERF—HEALINTED, KEKREDBRULOIHICERBHOEAEZERL AIEEICL
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FEEBOBERD/NSIOHENMITINIIAWEINTED, Z0L5UMEL2BRELUTHNWL
i3, BREZEWNSSBBRELTERDTHZEINTHS. TAS™PUlman3BRE T
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DS T-FEFZH D DRERAINTED, Motokis " IRBEEICKIIZBEFRHREAAVE
MOEEZHEL, "I ABRENWEEEZAL VEROHAGIEML, BRIZESIhE X
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WMTHEENZD. BRUMIMIEEIORZTLZELENEL T, HXOHEETEITMA
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E2E SEBEDBICLBIMENIOESREEL

2.1 #&

T

BMTICENTIR, TEEBZEERETIEREMLE, TOFDOTIEREERET S
BEMTETIEFOMIERNAEERSE. — RIS 774 FEBEHWTHEZMNIT 3
B4, FEENTTEIMIEEIIAZVY, TEEBOEELARERE. F-MIEHT3
BERERIREFEARGOMIEIMCAE LI LAY, Zhice UTEBEMNTIIMmISE
BNXONBEREFEIIDLL, "NV RABEEEL LBA IR EBREBREMT bAlE LD 522
—RIZEBMTICB O TREBERBEEO S TERDEELE S 120, MILiEREH FEBERMIC
LTEBEIMINANLSATNS. Z0LHIRIENSHEBEMITICE N TRMIERDH LM
FERNFBEELZED, MIKEFIZLI-TNLIEEOMEEARKBICIIBERENRH O, T bDm
THRHEDEIIZDILDS.

B L ABEMTESEOENE, FEBBEERIIESINIHEIRIVF—DENPM
THROBHBERYOMBE L LITER T E DN TNSE*D ., 0 XS ICHEEOREIIHERK
TE3HbDTHEH, TZNTNORABEVOBELABHLIRET A EICE-THETES
DOTRITDEEZEZ LS.

ZITAETE, GRTREAZYVEBIZZIEOTXZSEBHBEBLANWT, MLE
IEBICEREZ Y] D B L IBAOM TR DO TRET 21T - 7122979,
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¥2F BEREDEICLIHNEMIOFERL

2.2 SEBHUENMEMTHEICRETZE
2.2.1 BHERLCIBMITSHEDED

HEMLIIEWTLEBREZRRET IEREMNTIE, TOXDTIEMEERRE 3 5 F Rt
MIETRMISHENIRE SRR S.
H2-LZTIEHSKDILISH L7 5 7 7 4 FEREAWICR—MI&G TOFEBERES L E
BHRBICE > TERIN - EERBREDOSEMEE TH 3. RLDBEONE LS ICHBHERE
DHE, HEBOEIIZHTHREALL, TEPRIFZEAEREINTHEL. F-HEE
EEIIFEELCTERICE > TEDN TS, JhicH UTEBREREDE AT ERERE
DZNLD BHBROERITIETNEIVLDODEDENI L—F EL->TED, BEEEITYE
BEREDZTNLD bRENI E0DM3B.

FCH22IIMBEGIP=30A, Ta2—T 4 + 777 ZDE=50%D%HET/IVAIG t pEE(LX
BRBEOMILEEDS LUEBREREROZE/EZTRT. HIFOREBEMNTIO, @FEM&itEnT
DIMLTHEEZZNZTNRLTNS. ELoDBBHICEWTEMIREIRERMOBME LD
WIKHEINL, 100 usfETRAMEEZES. CHIZZONMIEAHTHEDREINELEET B2
Tha. LHUEBREMTIOMIEEIEBREOBED3IFDINSA45D 1 ENEH/HEN
lEPDONE. ERAREBEMNTIO, ARXEBREMNTOEBERREZZINTNTRT. BEH
FRIEEE S IVRBOHEME EHIT/NE L >TWAS., FBEMTOEABREFERIL100
usfiiETO &2, ZHLU ETREBVPKEL, <4 FRXDEE2RYT. ZhiZ IV IEDOHEM

Reversed polarity Normal polarity

Gr/SKD11, Ip=40A, 7 p=40 us,
In kerosine type fluid

B2-1 RIS L 3 HEAERBERDOEN
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2.2 BERBETENHENTHECKIITRE

LEBIIMIBEDBARIZE > THELBH—FR L OBBIBENDNEBEENE L B7HTH 5.
I U TEREM LTI IV ABORWRGETHISK EFEFICKELEERT.

UED XS iimEICLAMIFHEOENIZESNTHS. FIIVABORWGRETHED
BMTEDBRECHENS. ZOL)UBHOENMILIABEMIEHOENE, WRICES S
NARBIRINF—DENP, BERERICNET IHRIBKIONBRRIERT S LEbN
TEPP*, 75774 VEREAWIHBEITIIZDOETRE.

2.2.2 SEEEDBEE

BIRD & D ICBEICEZMIERHDOENZER TS DOTHEYD, TRENORKAITEN
DOBHEEZBELIRETAIEILL>TUEBTEZZDOTRETLAEHEAMIN S, RERTIIBRE
20 8Z 37: 000K E U TEHEEHT)ZFEE (High Speed Polarity Changer : HSPC) % >
fo. ZHhiE, MIFICNIBOBEEEDISHAZINAE MY HESERDAA, RE LIV
ABEZHB LU0 bBELEFHNICRESE2EBTHS.

H2-3ic SRRt EEEEZ AV THEMNLEZT > 72 HEOBHABES LU R BRI OAIESR
g, ZOEETREBHRE UVZAETnE LUCEBRERE VAR TIZZNZH 0 05255
EFTHEEICRETRAIENAETHS. RIZEBHRE IV IEE 3, SEERE IIVAEE

100 = : - 40
—@— Gr(+), Removal rate ~ =& — Gr(+), Electrode wear
—O— Gr(-), Removal rate — < — Gr(-), Electrode wear
e 80 5 30 o
£ lp=30A, D.F.=50% S
“E e ,///}\\\O g
é 60 = 20 ;
o E‘;
'% 40 =
= g
Q
& 20 w
o
O [ . l (1 | ] 1 3 I 1L 4 1 l | 1 B [} - 1 O

10 100

Pulse duration zp (us)

RK2-2 mBEIC LI TEEL X PEREEROZEN
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®2E BHEEREDRICLIBREMIOEERL

2L ULICBEDERTHS. BONICHEERET2 ARENE U/, BENREL, GiORBE
SFEICBEENEINEN, EBRERENSEAEL TS, SKHUTEREREN2EIEEHEINT
W&, JOYM IR DEIND. FERTE, AHREOHRERTHEFLLT, 2HEM
B9 2 ERERERBOH S 2 ERERBHENELT, UTOXDITEHT 5.

N=100 « Tn/(Tn+Tr) (%) + + ¢ * ¢ v o o e o v s o o o o o o s s o o s (2-1)

B ZIEX2-31ICRT IR OB S EBE R BEHENIZ0% L7105, £ 7-N=0%3EE OEBEMEMT
%, N=100%{3 EREMTART I EICHSE. XEBRTRZEHATHhOREREZ 0 05255
ft3d, T ZThOBBEE L JCEREREISNNNTEHICRITTERBIIOWTR L.

2.2.3 REAHE

H2-43EREBAEANIIRT. SERBUBREEZ FS VIV EREBELERELUT
EYMRICRB LTS, TEBHBICEERIONMDY S 7 »4 MEAE, T TEWIZIZAEER
S$ISKD11% Al vz, MITHICIIATHMBRIM TR (HEH10°Qeemll k) B IUHB D14
REBiE %@ U7z~ 4 2k (HEH10°Q eemll k) 2FEA L. E2-UIMIEBEZRLTE
D, RO 2TEREINT, FBEMTTOREOENRL DEETDH - M LEGE2EA
LT3,

Gap voltage
o

~
1
L

Fn s
Mo
WV T

500 us
Gr/SKD11, Ip=30A, T p=200 s, D.F.=50%

~~
.

—~
[}
S

Discharge current
o

2-3 SEBETEREMLICSTIBHEES KRB EHEE
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2.2 BEBREECRENTHECKIIIESR

Current
monitoring [
sensor High speed| | NC EDM system
¢ l o—o Polarity
Power suppl
Electrode changer pPply
Single
A \4 pulse
Digital device
storage
oscilloscope |H{ Recorder

Dielectric fluid ' orkpiece

B2-4 EZREERAX

#2-1 MT%&H

No-load voltage Vo=120V

Discharge current Ip = 30A

Pulse duration Tp=200yus
Duty factor DF.=50%
Machining fluid Kerosine, Deionized water

2.2.4 REHREREHIUEER

R2-513T AN THEF THREBE BN T ET - BEOMIEE & ERERERANDEH
#Fa27RY. IFDON=0%% L UN=100%3 Z N Zhd BN LTE L CEREMTOEREZRLT
W3, EFZThThORSEFEBREREORBTAZ R L T3S, FIZIEN=50%iZH1F 5D
BT EBRERERRToA10E, FBREREMBTA0EOHEOMITEREEZLTHE. BX
DERGINE LD IT, EBREBRBEAEANN 0N S50%F TIINOHEME & &I TEE IR 2 IZH
DU, 0%%BZ 5 Ea8IENT 5. £ LU TO%METEREELSD. D O IMTHEIIE
BT (N=100%) X0 bEBEMTICD UEBRERBEZES LIBEDIEINREULE T
EBONBE. THIEEREMITICENTNIOGIT ER3MoPOERIEBERELRET
BIEICL-THEINCIDHEEZONS. TN oDEMIIEREREREE L TR
HHREEBIZIZIZEEAEELGINT, BEOUENIIL > TOAREINS I ENDNSE. T
DLIEREHE 1 [0 L3 BENE 1 BOEAGDOEONI TS, EREKELON & EERE
100EI DA EHEDMITE (N=50%), FIZRABEOMLIHEE L > T 3.
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E2E SERETBICLIAHEMTIOSEERL

H2-6i3 M I I 4 vk ZERAWIBEOMIEE ENOBRERT. THRAMIEROEE
Lz FOERIIREEND, MIFEEIIN=0%DS100% £ TIFFEGHICEINT 5. +75b
LMLEERIRBREREFFEORZVERERE L, REABEO/NS WFERERE L OEHKD
HEDHTREINTNBENRS. BAA VKOBERZTHBNIED & S iCBSRERY
BHELRWIENSERETSEE, K2SONIZHT AMIEEDORRIEENMIIRD LS ICHERS

120 : : : :
- Gr/SKD11, Ip-30A, Tp=200us, D.F.=50%,
= . ,
= 100 . In kerosine type fluld I
o O Tr= 1I
£ A Tr= 5
£ 80 O Tr= 10 L
< ® Tr=50 A O 8
A Tr=100 :
o 60 — . Tr=255 \6 .................................
3 & Gr(+)
S 40 ¢ Gr()
©
>
o :
£
o |
O [ 4 ' i | I 1 l 1 l 1
0 20 40 60 80 100

Normal polarity ratio N (%)
K2-5 ML#EEEEBRERESESOME

80 : g : :
— Gr/SKD11, Ip-30A, Tp=200us, D.F.=50%,
g In deionized water . .
m; 60 |~ 1 O Tr= 1
A Tr= 5
£ O Tr= 10 1e @zﬁ‘
~ ® Tr= 50 g
o .l A& Tr=100 b e
© 40 B Tr=255 . oA
+ & Gr(+)
o & Gr(-) ﬁ
= A :
20
S Y}
§ 41" s "
O [ ' i l | ] I i l ]
0 20 40 60 80 100 -

Normal polarity ratio N (%)
B2-6 A A LoKFITHIF AMIHEE EIERERER S OBG
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2.2 HEEBEHEUENHEMTHECRIZIRE

h3. TROLBITHRMIEOHEN=80%E TMIEENFERKEL S0, TIEEREmOM
TEGITBRABPDPBSGBA — RV DOEN—EDHE THEBENELRETEIEICL>TH
DEDINI-OTIREWIEHAIINE. T/N=50%:FE TlIMTHEI BBREL D HIKTT
203, BEUBHOREGIZL > TESGBR LI — KR UM LAEYER S LU EBRREICAE,
BREEZZRDBRTIDIIMIAAREILNLSE ZENEREEZ SN 5.

UEDHBETEID B728, THRMIEF THNL U/ TEWEROXPS A 21T - 7. [2-
NI ZDERERT. HMEBEMIIBRKINEIARREICL BB, RILBOFERREBIIE
BATAA A VI vy FUICEDBRELTHE. JHICK - THS0mDEFERENTHI I
(ZRTTCEEHEEBITEMEEZYGO New View 100iZ & » THER). 7’5 70BH#IIBEFOKET
FIVF—EZRLTHED, ThThOE—I7 R3EMSRE BEBLUHKTHS. TEWELT
FAUW7zSKDILIZIE &b ELABDRENET TN T BB ZOEEIINOELITH U TIZERFZ

10000
Fe

WJULLj c

k : il

- ML UL’,L
o,

Binding energy (eV)

N=0%

Electron counts
@)

o

-
(=4
o
o
(@]

N=50%

o Electron counts

-
o
o
o
o

N=100%

o Electron counts

o

0

1000

Gr/SKD11, Ip=30A, tp=200us, D.F.=50%,
In kerosine type fiuid

- H2-7 MIEREXPSSHT
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E2E BERETRCIABRENTIORERL

Th5. HEOEBHERBHANIIL > TEWZENOLEDOE—VBEIIRLE I DM 3.

K2-8I3XPSAHHTIC L > TR ONIMIEBDRRL LUVBRDOE— 7/ HEOEBEREREN
Xt AL ETT. LB TLIIIN=01580% % TldlE, REE SNOEizH
LIZEA EEALTNENDY, N=100%3 Lh b EREMIOBZAITIE, RENHEM UBERI B
DPLTHWBEIERDONE. ZOIENSERERNEDOADMITIE, MIXEIIBIEA—K
VOBHANIRILBIEREINTNE LS. FLTIDEAZEBEREBICL > TRET
B ETHRDOLIICMIHEENEMTEbDEEZLONS.

K2-9X EBREREEAENOEIINT 2 ERBEEEOENETRT. BBROBEFERINOHEME
EHIZHEMT 3. N=0%F L bIBEMTOSEEIEREBEOEZG LKL > TBE I Etbh
B2H, N=30%RBREE TRERDEHEII<TA FADEEARLTED, PLEBERBEBD
THEBEHUFEMINA[RETHE I B8O 5E. TLMIBEDHE LRI, EHREERL
ZTRZENOHEEHICIIEFET, EBREEEIENDOAIIL >~ TREIN TN S.

K2-10i3MTHBD 757 4 FEBBRIFERDSEMEETHS. MLHBALNLLSIINO%DT L
DLEBENTOBED TS 774 FMEEICIE, LIEYE LCBRSMESD — K ONENRLEIC
blhBHohb. £N=2029 b5, FBREMIICY UEBHRELRE LINITOBE
CHLBBREEICEIAENS XCBRSBHI—R UV ONEREDONELIN, RICRohsdL5ics
5774 MeEIXABICEHRELTHWEEIALRLONS. JhiZEADOHEYINEREREIC
L-oTREINICEBFTHSELEEZ NS, T U TEREREDH SN EIMT 31250 TY S
774 FEBBHEHOZFHOHENZL L oTHAE. ISICEBRHHEDEHEDE L WN=80%% &
UN=100% DFAITHIAEWIIZILAERONLL LS. BEREFEN T IAEYES XU RS

Gr/SKD11, Ip=30A,
10000 Ttp=200us, D.F.=50%
In kerosme type fluid

Intensity (a.u.)

0 20 40 60 80 100
Normal polarity ratio N (%)

B2-8 XPS/HHTIcHit B REALBEEDINRY pIVIEE L EBEREEE DOMEIE
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2.2 HEBHIECRENTEHICRIZITRE

20 ;
Gr/SKD11,

§ Ip=30A, 7p=200us, | O
= D.F.=50%, #0
> In kerosine type fluid '.“A

1 O b s T N o s .........................
= . 5
— O Tr= 1
8 A AN
2 : A | 1
() ( @
S O A. ....................................................... A
o ®  wmb u
+ A O
U .
9 L 4
i

Ty MNP SR SRR R
0 20 40 60 80 100

Normal polarity ratio N (%)
B2-9 EREEREECERERESEOBEF

Gr/SKD11, Ip=30A,
T p=200 i s, D.F.=50%,
In kerosine type fluid

Saemgal

N=100%

K2-10 MIBOEREEOSEMER
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®2FE BEREBEPRCIIHEMTIOFIER/L

=R OBBRBENDONBICL > TERINBEDIITHEH>? ™0, RItRohzL5UE
BHRENO LI B L UBSREH — R ONEORER, AROBBNFERONIINT 2L
LAHELTHS. .

B2-11IEINOZLICH T 2 M LEHE S OEMAERY. HE DB oNMIL S IZIIHEE S IN=0
IND50% TIHIZIF—ETEOBRNOEME L HITEPHTHEML TS, K2 1OHEREHERD
BETROAILDIZ, FRERBIZLZ 7 V—FYBEBHROZTI L) SHBREEIINNHEIN
72, BBERBOHEGOLN0%E TREBENETERI W HVEEYBHEREBICL -
TEDFRICTREANSZEEAONS. FMIEE, BERFEELAR MIEHILE
BEREBIHENIIL > TOAERESNS.

140 . .
—_ O Gr/SKD11,
& JAN Ip-30A, tTp=200wus,
3 120 = O Tr= 10F D.F.=50%, ...............
- : In keros?ne type ﬂsuid
& 100 I~ ] i @R
3 || ¢ A
E 80 == , oo A .............. 1S I PR,
. A
S ..
8 60 """" g
o
S
H(E 40 . .......................... '_. ..................................................
S H H :
‘?) { ;
] I H l 3

0 20 40 60 80 100
Normal polarity ratio N (%)

B2-11 i & EERERER S DR
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2.3 %

T

AR ETRBEBREYEEELZ AT, MIFCERICEBRERZ D B 7056 OMTAeHEC
DT ET 7. FETHRONHRIBUTORY THS.

(1) THRMIEARWISEEOMTEER, ERENTLED S EESNTICEBRERELSD
URE L7ZBEDIEIBREN. ThZEREMITERIAMIETDORLES 5
BB EERY ZEBBEREICL > THROIBR ZENTXBDTHS.

(2) BiA A VKFTHIET - e BEOMITHRER, EEEREOLROEINE & bICEEH
ICHEINY 5. ‘ _

(3) BEBEUBRHEMICIIMIEE, EREERBIUCNIEHEIIE, 1Y 17 )VFDIE
B IUCEBREOREERICIFZEINT, HEOHROAIIL->TRESNS.

(4) THBMIRZRAVCBEOEEHEEREIUNMTEMA I E, EBEREOLENRAZH
IFEREUS.
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E3E BKEAMENIICEITS
MImEA#EES MITEEROB L

3.1 #&

|

WEMLTRE, SBROHRERBROZHEICL > TMIAEITT 37201, ERINBEIE—
BRICMMOBARME LD S, ERMIEENKEVREITE, MIBRPKIEIBEICHE L
VTN DBBEFIPNIHREN LU ZREENIEI D PTBIOMIEEBMAI R,
TEHEREITAEYBICERINIBEREICLZ VT VY RENMIMENIZD T B 72951,
WBIRNF-Z2/NILLTHMITEHEIBNILSBSBNEENHE. LM LENSTF X
FvrE—IFEROLSITHRAELDELTZ 0P, KAPCHERLEOX S ITMEDE
BREONINWIENEZLLHDE, 75y 7ORWEBREELEETSE. JDH, £
BRUCHHEBNIBIIRRIELE UTAFICRZBXEECY UV F TS X MR EIC L 2R T0E
MTHN T3S,

BESDVIMIRICVY A VRTINI LR EDEBRERKEZRBALUMIEZS TS 2 &iC
L-T, ZEEHIP1umPUTOREAMINTREELLEIEEZBPONILTNS. EZDHD
WMET, KEEMLIZEOTEHRBEFIRI DI AMIRERLELTHE I ERZDM
THEHIZEZ 5y 7 ORENTL, Wl HEEHICERICEN TSI EIOEELML
T3, CZOBMKREAREBMNLERECERAMCINTEY, —HOLBMN T TRIBERDOME LY
IREF THENLTITHObhTINAS.

L LEDRS, ZOL5RENTAMALITENE SN S DI, SKD61SKHS1L EHEHOT
EMICBE o TS, THLEMIEHEIRBTENOBRICL > TRELENRDD, TOEER
ERBHEIZOWTIRRIETHTHSMIINTNENVOIBRTH 5.

ZITERETIE, MIBRFOYVY I UVHBROFEICLIEREREBEREROE, HEMIR
BEICNMIEBROE(ZERL, VI UVBREADEREERBEICRIZTEEIIONT
ERINIIRFTZIT - 72370, ISICTHEYHNDORIPOKR XS, SBRENNIEE I ICRIZ
TEREII DV TORHEZT -7

-29 -



£3E BMEREAREMIICE 2MIEAREE M TEERO AL

3.2 JYIUBKEAMENT
3.2.1 YU VMKEANIR

Y I, kI, A BEREORTERFICECEL, HREBRKRS TREIC
RNTEHZRBIIEETBLETHS. ¥ABICa—I XL ERREL, T/ FHTELBERS
BHHABEMLEEBZE, EBVY OB OoNA. MEIZIT~BB TAMME L TF, C, B, P,
SIEEEED. K3-UIMIEFICEBALKCERY Y I VB ROSEMEREAZRY. MNERIS 1
mUTFTHY, BR, KEIWEHELTH. FETHEM UCMIRIILTHMFRMN IR (KHSHEH,
VITOL2) ¢ ZhicE&BY ) avMEREAZRBRA LY 3 UBFREAMIAK (Silicon Powder Mixed
Fluid : P/ FSPMF&EEEY) TH5B. V) I VBROBARIERAMLIATOSMIBKICERL,
2328g1& Lz, - FhZFhOHEIIZ7.81X10°Q cm, 6.16X10°QecmTdhH H, SPMF|IEH
ICHARTRIBIONS BEE E > TS, BEINTROHERORMEZLUTOX S I/T 7.

B3-2033E LM TR O LIRS AIEERB TH 5. 7T LD ICL cmDEEFHARBETT, REHES
an’DHFOBRE G H S E /- L X, FRK, FRFOEMIIERTEZEIEDEEZSL L, MIK
DHIEH 0 EBKEHERIZIIR (3-1) DBEEFEAER D L.

P=ReS/L = ¢ o s v o o o st o o v st o s o s s s 0 s e n e e s (3-1)

ERBEITIIL=0.1cm, S=7L.6cm’& L THHEREL, TN ZhOMILRDOLEREZR L L7,
3.2.2 ERREBRIURBAE

AERICAWCEREBOBKAZR3-3II8Y. BEEBEICI IS VIRIZRSM 9 F U ITRD

X3-1 V) aUBmEKOBEMESE

-30 -



3.2 YYaryBmRKEABEMT

Acm?

Stirrer -0

Machining fluid

Copper plate electrode
Tank

B3-2 HARSIHIERE OB

Current
— monitoring
sensor.
3 NC EDM system
Copper
electrode Power supply

V_]A

gig:;agl | Recorder
- e
Workpiece | gscilloscope

Silicon Powder Mixed Fluid
(SPMF)

3-3 ERREOHH

BEEKEZAN:.. TEERIIERISmmOHEHETSH D, BEA LETRETITOOATINS LI
BRI EE A 52 /2 (6.2sec/cycle, =150 um). BEROEEEEHIL, MIHBIT Y ay
BERDOEGHILICRHRENH B EINTINAE>. EEEREBERTIE, RELTHENELS
£ ICEMREHZ HHERICRE LIcBERICER L.
AETRIVBIFEALETFEEZBAIEAZENELTVS. REMIICEOLT—RICEMAS
ZINELTRIDITRRO LS B HENFEONS.
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B3T BMREAHLENIICE 3MLEARSHESMIEERORL

(1) ZEYERIEBROERSREREINS /D, TEEROEMEIZ/NIL T 3.

(2) HBXRXNF—%2/NELT3. TROLRBEBRE IV IWVIEEZ/NELTB.

(3) AT IEE LTEUHEDOHAEHLRICL > TMIICE LI BEEERTS. 34
HLHEERIEH, TEMIHEOBEEEMIL/NILT I, TEMAloBREED/N
I, EfmfE (BE: () WELTHA.

U &EE2EBRBL, R3UIFTIDOLB—RIIBREABRENLICAVWSONAMIEZHETE
BAET-7. ERERBEIFZIAY —RICKI->THELRE, NTHEIZX->THER (Ry=0.5
pmP T IKETHETF2bOEAW. UEMIFEMIRFOY ) 2 U BROUEEB <7
DIZR VLI L - THREHEBE SIS, TEYICIIBEESRGESKD6], HHEEESSKDILE L
REALESSKIZFEA L7z, ZThoDLEMARERI-2IRT. SKIIRHBPUNDEETEE
BERVHETH S0, BRMIHIEIRIFT, v 7, F4X, =9, 7UVIBLECH
nwohd, EHSKD61, SKDIIZNWTHLEETEHO—-BTHED, M IHEZRELE
SICiIPPE 5. SKDERMEHIBAN, BELUICLD KRBT S, TUARH, F¥14F+
Z PRI ERZENL. FRCSKDOLII B EF AR E L HETT A1 F+» X ML LTEH
INTBE. FASKDUNBFREBICF 7 0L 2£ 8%, BANEDOEREIDILL, KEED
TEHFTELEZMERBE LB, H-oTH -V, B2/ M R, SEBERLTEICEVOH
2319,

#3-1 BREARBMIICEIT SMTEHE

No-load voltage Vo =90V
Polarity Electrode : (-)
Discharge current Ip=3A

Pulse duration Tp=2us
Duty factor DF. =10%
Machining fluid SPMF, Kerosine

F#3-2 TIEMRPRI O LEAR

C Si Mn (04 Mo v Fe
SKD 61 0.39 0.93 0.41 5.20 1.28 0.54 Bal.
SK3 1.08 0.37 0.96 0.46 Bal.
SKD11 145 0.24 0.40 11.95 0.83 0.24 Bal.
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3.2 YYaUBREAKREML
3.2.3 ERERBIUEE

3.2.3.1 HERNEEEKXOEN

BEMLIZERREBRORBEICL > TMIAETT 272015, MIEIIHBREROBEAEN -
TR &L B, RB-4R3ERHEEOERERERITRARTHS. H5—EFHHANTENED
MIAKRT Lictk, REBEOHENEn+ 1 BISEISEEZX 5. TOBMTHEOEEE IRy,
EnEORERONEATHEL) RSREFEREIHBLUEN+]1 BOREBERESHIEONT

F3ha™M, 3i2bb,
Ry =2Hi14+4H2 ¢ ¢ o o ¢ 2 o o o ¢ o o o o o o o o o o & o o °» o s o o o (3-2)

Lo THREAMEMLOMITEBE S, HHREREA VX LORTEZEBINIIEET 27120
IZid, HEREROBIPEETHS. TOHETHRUBEEREZIT >,
R3-Si3MTRICAT RN IE S S USPMFA2 A NWTERRBEZ T EXOREREOEAEE

EThA. MIFEHIFEELDBPEIZT 27-DICHBENIP=40A, /IVXIE 7p=40 usEHE
IXNF—DREVWEEE L. TEWIESKITHS. RIDBESMIE SIS, THRMIKET

Kerosine SPMF
SK3, Ip=40A, 7 p=40 us

B3-5 (THmRMIES LUSPMFZAWBADERNEREE
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F£3E BMREARENTLICET A TEARSRE SN IEHERO R E

TORBRENABDOELVEINAKXL, BROBLULWVERE LT3, ZHhicxt U TSPMFH
OHBEREIENVWEHEBICLE-THED, ERGBEPH» THEEERLATHRINIEFOZHIC
HARDZDNEL B TR EXDMNE. ILICZORERIMEORKRE L TED, AE
DEEEDEGFGDOARMIZE N DPDELEDEFPFEE LTS, > THEEDFLI S IEEL
Mo TNBEHITRZSE. BEIITERLTWEWD, TEWIZSKDI1E L XSKD61 % FH U
1B DR EBRE SK3 EFBEOEIRTH - /-

K3-6lI3HERO=_RITHTH 5. THNIEAETRAME L ZRTERAERICL > TAE L
LbDOTHY, H3-5SOBEMFEERICZTNZTNAHIEL TS, ZORMS bATHRINIEK S TEK
INAHBEOERIISPMFFEOZN LY ENBHREZWNWI EXERATES. TEEDEHD
RS BITHBEMIROBZEIEINZ D RENI ENDNB.

H3- 73 ERESHICHERNEASE EVBIREZMAI b0 E, HERELDHFSOER
D1 DHMH1+H)D1Z R L7 bDTHB. ZOEPKENVFIERROBMLUVWVHERTHE %
ARLUTWA. K& OSPMFORERIZITHZIMIEOKEREDH 3 HD 1 DEICE-TED, &
REDIZDBONMIIL > TNB I EDDNE. FRLEWIIOOTHELEES, ZOEDE
WIEEAER ST

K3-813SK3D M BREA X SN L X DERAEES JUMEEETH S. MFEIZFH 1 ¥
— VIR (ZFINTIVT—IVN0%, FEEEI0%) IZLX->-THBEZHEL T3, MEEEICHEATHL
AHBRLEEOABEFIABEMINZHDT, TEMNBEBICE LT > TRETAHITL -
T—ErmL, TOBMIKRICL->-THHAINBEB LB TH . &KSHETROHAMT
BHEDOHEICL > TMIEPFE L TELLREVREFSEDOT TLEU~ERL, TALHE
DBIZL > THEEM UM EONMIRICEZ22HETHRIACIVEEORVAB P2 KT 3. =
NiF=NT o34 FELTRBBRIIN 5L > TNBE, REDBESHE LS ICLTHZEMT
BOBERIE, BHEICK > THEMEBSPRERIEINTIEVBREINTS. ZhiZHL

Kerosine SPMF
SK3, Ip=40A, T p=40 us

K3-6 BERMERO=IRITK
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3.2 YU BKEABEML

0.06f 'P=40A, TP=40 s SKD61
N sks
[IskD11
S ooaf | N "
S 0.0 § X
é 0.02 § :
nr
ol B N\ N\
]t\lﬂuaighlnlng Kerosine SPMF

K3-7 MIKRIC X AHEREEROLE

Surface

Section

Kerosine SPMF
SK3, Ip=40A, 7 p=40 s

K3-8 HERERELITHEAEER

TSPMFORERIZAMBLNILALREINTE ST, TOEREVABHANEZEFL
T3 I ENDM3.
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B3FE MEREAREMNIICEY 2MIEAERKERE SN TEHERDRELE

3.2.3.2 iEMEESOAE

F—OM T & IT BT bATHEM LK S ESPMFR T, BBEBRICTIEO L5 mean
HEUBZERIZOWLTRICKEIT 21T 72,

K3-9i, HREREBERIIBWTHENELBOTEERE TEHOMBEBFZAERNICE
L7cbDTH 3. MIEBREDRT IESEHEERFEGTHIHBEIMIp=2A, /VIVXIE rp=3
ps& Uiz, REDBEONE XS, HMRMIEOREISARMEREN17 1 m, SPMFOEEH92
um&iE->TED, SPMFOSE IIREEENWUSMSITIEN 722 ¥ 5. SPMEIRiRD
EOTITHMBRNTHE E BT 3 EHEBHRAVNI NI &R, BRFOMN FOREERS LU
REFO/H D), ZOLS IIHBHEENAELBEEELONEY. ISITZDh,
BEOBRICIMIEOSALEERIE > TLEMICERT 3 EBBHOREBL I bDEELI SN B,
TROLEBHICBAIN AR LR NF—BIH U TTHEMIKOBEAZ, REAEEI/NE
WD TEMICEX 2 BEMABEYE- D OBBANKEL, ARSI 2RERIEILTHERLEZE
KT B0, BROBUWTHRALEBRO L—4% 1530125 LT, SPMFDIE AR FER
WRENIDIZ, BRI Z2T2IIREAIEEZTOHERAVE oNT, BRI EZNE LM
IKHLPB7213ERD, EhWiEHBIIKEEEEZONS.

CORREWRIET 7%, BEREREOBICTIEWICEAT IEBEENORAELZRA. K3-
1032 DPEEBOBERAN TH 5. HRHOHEICII/KGEEBRE A (Kistlertt B! 211, FE
RENE200kHz) 2. KICRT LD ICLEMICERTINBEENE TS XF v 7 DR
(REImm) 28 L CEHETHRETS. TLIOBORBEHROFAKICAIE L. LEEHENH
DENE X DBEIZT 5701, MIFHEZHERIKIp=40A, /LI tp=40 usEHBE LRIV
F-—DAEWEHEE L.

F3-11IIHEAFEHNBEBHPOBENELZRL TS, OB TXSIZ, HEBHE
OEFEHEEEDIZEAERLTHED, HEANEIREUENZD OIS, TRHLBLIHSR
MIEOBARIHENIBINS EH3 usBICHRAINMER Lo, BREEE bICaBUCHEM

Electrode

17 um
|<(

Workpiece

Kerosine SPMF

K3-9 WERLEFORRRMEEMR
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3.2 YYaUBMEREBAREDT

Electrode

s P Tank
| Workpiece

// Plastic plate
Rubber
Dynamometer

1
Charge amplifier
I
Digital storage oscilloscope

R3-10 HEFHEBRAAEEE

] ]
£ 1'0#5__12__ z 10us__:[?.__
[ LL.

0

p—.
e |
%
=

7~~~ ! .{..u . 7~ ] "
< /] T < A I
=117 ER (R IE
/ ! Y J
(o) o
Kerosine SPMF

SKS, Ip=40A, T p=40 us
B3-11 BB OB IUREBEHREE

U, BERIED) S0 usBICBERARIZRALNSE. —HFSPMFOBEASRBENBEIEIN S LY
10 £ sEICHBRADMER LIAY, HEBE, SRS usBICBRERNE & 3. TIATHRMTHRE
DEEDRAEESISPMFOZN L) b REL R -TNBE. PUEDLS ICBREIERNREL S 2
EWE->T, LEWICERTAHEBANICIBAEINENEEL LI EWEIIAI.

UEDBERHBIZEIIZERIS, MLKICSPMEEERT 2 & TAEMICERT 3ERANE
DB, BRONIVESHEI V—s 2B 5N3 2 ERERSIhi. EHTIEMHED
HER XS HBERBROZIZIFIEA LY, EERBIIBWT LI THRKIZSPMFA Hivh
E, WINOIEMIIENTHHEIONIVLSESNOEMITEEEZ 2 ENTES &0 EHAlX
ha.
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®3E BRKEARENIICKY 3MIEARSESMIEERORLE

3.2.3.3 MIDEEL

K3-12i3 N ZENOLIEY, MITHRICBITIMIEEEZRT. WTHOLEHITEHTH NI
HIZSPMFAER LCiZ 5 TR MIEOBE LD SMLEEIIRE NI ENDM 5. FidRD
HERBERIZEWLWTIE, SPMFRORERIZZMEFIREAINT, JHENIRFOZH K
D HBREEBEIINED 7. ZORERDSERET S E, MIEREIISPMFZEFUNTBEDIEH A
INEWTTTHS. LHLEBICEZOEmRER LTS, ZORRRBLUTOLSIIEZ oA
5.
K3-1313ESERBEORICBEINBHEEES IUHBERERE THS. MIFFRIREENH
Ip=3A, »ULRIETp=2us, DF=10%T&% 3. KHEIIEWIISK3TH 545, SKD61, SKD110DE
SEOEREEINERMBEDOODTH 7. HILDVBHONELIIZ, THENIROHSIIHREM
EBDOEEEIVAZT, MIRBIALARKRETHS. HLTFEHFITEOTIIRBEIRNVF—OD
INEWEBETINL TS 12D ICTBHEEEI/NI , MIBRPREICE > TREAOKRBIZEMRL
IV, ZORBHRICRONALDIT, BBIAREELLZDRT . THIIXH LSPMFOB &
REMEBLYOBEEIEZTE, EBCRELLMIRETHE LS. Jhidv)avky
RKOUBEICHFET DI K-> TR U7o & S ICRBEEALY, ISICHEDEFRERIEL
TWABRTHELEEZEZOoNS. - TSPMFHEDIES ATHMBZRMTEF L D HEBRE—FH YD
OBREEIINI VR, BEAKRENCDORBREDKNE L, FMITREIIEFICRELT
WAz, K3-12icRohizkSHiz, SPMFHEDIFS NI HEENKEZLLEEEZELOoNS.
H3-14i3 2 T hOILIEY, MIKICH T 2BREREREZTT. ThOIEMITEOTHLT
WERMIEF LD $SPMFFDIE ) WEREFERIIRE . IOV TRZDOERIZHONT

Ip=3A, zp=2us,D.F.=10%

o©
-
N

3/min)

SK3
CJsKD11

0.10F

Removalrate R (mm

0.05

0

Machining
fluid

E

Kerosine F

B3-12 MIERE LCLEDICL B MTHEEDE
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3.2 YYarymREABENT

DD, MIEFICS YA VBRDIEET S720, HANEEFNICE > TREEREI AT S
72D, BRANESINIRBEIRNF-BRXLBZDOTREBVNEELT SN B>,

3.2.3.4 mmTEHERK
K3-1513MTEDI0EFHMI 2 RT. KL DBESHE LS ICSPMFDE-E OSKD61 DL
13Rz=044 pm EFEFITHMID/PNINVESNEEEL>THY, JHMEMITEDOZN EHEK LT

SHEE iy alilaad hllnlalls
Al A I L L
% f F[,L hr‘hhﬁh“\"
| ' T .
Kerosine SPMF =

SK3, Ip=2A, zp=3 15, D.F.=10%
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B X DSKDOIDOMITHEHIIHMID/NIVWFEREICBONMIETHY, ZAEEDI S ST ORFIE
RATE5. FHRERBEROBICBRIN/ZEMNORERBEINS. THiTx LTSKS,
SKD11DOMLEIZIIRBORENIVSZSHEFEL T 5. FFICSKDUI DI TEIZ T EEERS A%
£, IhPXEREHIZARX{EMAIBTOBRERIIL > TR I ENBSNTH B,
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SPMF

Kerosine

Ip=2A, T p=3 us, D.F.=10%

B3-16 A= L{EYOREMNTE®

Micrograph

Profile
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Ip=2A, T p=3 s, D.F.=10%
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Etched surface EDMed surface
SKD11, Ip=3A, T p=2 s, D.F.=10%
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Precipitated carbide Crater Comming off
|
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Section

SKD11 Ip=3A, T p=2 s, D.F.=10%
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HE&AERLIbDTHA. HLDBHLILLHIT, SKD61IINLHKIZSPMFAZ o4,

A ERRRESIIFELRZL. LA UTHENIROS S BRSSP EFI R ohs. % f:ﬁéiﬁ
Hahik bZUSKDI1ITY, SPMFZMWIE ) ARaEERS 13D T 5.

H3-2313% LEMDREEEE TH 5. SKDOLIEE Uiz KX LRI DELE LI WO
B LTWB0ITx L, SK3% XUSKDINZIFRIMDHN R 5 5. FFITSKDILITIIRE LK
{EHORNPFEL TS, ZOLDBRMEMDOLSHIREDN, BREAREMIEOMRIZKE
REBRABEZTWAI EXRDM5.

-43 .



F3E BMAREBEARENTICHE 5 THEARHE S TEERORE

B3-21 RILYIBE ORRF

3 30_Ip=3A, Tp=2us, D.F.-10%

= N sk3

o [IsKD11

‘5 20

S

m©

-5 10 N

: \

(]

S o N D
][\llluaizhmmg Kerosine SPMF

R3-22  FRiZERSEEE

k
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SKD61 SK3 SKD11

K3-23 TIFEEOKAR

3.2.3.6 IfEMHoORtHSHDEE

BRDE 51T, TEYMEICLS V) aVBRREMTICS I 34 LiFEROZEWLE, T
EMDO R DOFHRBICKEEFETS. TITRICIEYHTORILPOKRE X, 4FE,
SRR TESFHICRIZTTEE I DLW TR 2T - 72,

FIBJEA L LAY ORREERB IR OKE S £RY. DCS3 (KREMERHMISL),
SLDE L USLD2 (HIiERE) HUWTh bIsHERMSKDILIHYTEbDTHY, TIEYMT
DR WAL T B EDHBHBLHBRBEINT IS, ZLVBESHITLIIC, RESE
RIDCS3TIEIZ DL DY, SLDE LUSLD2[ISKDIL A% THB. £7-H3-2413 2 ZH0D
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RO DBDIL B LUTWAS. IRWTSLD, SLD2JEIZ RILH DA X Xi3/hX 1. SKDI1DIEA |
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XY, BEOMHHMANIEEA O EBENEEIRNVF—DORXWEETHEMLEZT,
IS DT OMITAEHIT DOWTHKRE Lic. ZOMTLE&MHA2EI4IIRT.

R3-25i 3B EDMLIEHG T COMLIEE L/ IVABBOBZEETRT. KL TEPOENIZLS
MIEEDORESENIRSALL. WIhOLEH b, IV IIEOHEMN & & bITMTHEE 38

#3-3 TEMHMHORZSERELITRMPDOAX X

DCs3 SLD SLD2 SKD11
Carbon content rate (%) 0.95 1.40 145 1.40

Size of carbide (1 m) 5~15 8~20 10~30 10~70
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B3-24 ZEIEVWORMHPOKREE

F#3-4 INTHHE
No-load voltage Vo =120V
Polarity Electrode : (+)
Discharge current Ip=30A
Pulse duration Tp=4~100us
Duty factor DF. = 50%
Machining fluid Kerosine
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g 25 :
m\
€
£ 20
o2
2 15
e
= 10
>
o)
€ 5
Q
o
0 § i
1 10 100

Pulse duration zp (us)
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4.2 MEEMT
4.2.1 REBAHE

HM4-13EREB OB AL RY. ERIIERNELBEMAIC IS Y VXF R v F 2 7ANC
BENIETITbhi:. TAEWIRETEHSKITH D, MIKICITTHRINTE (LEF10°
Qeem/ bB) ZFEHALTHE. BRICIGHAKREZCFERRO 2BHELEA L, MEIZIIEB X
7577408 (A EFV(H) ED-3) 2F . £70BREIE3mmé L, RETNHAALRED
Z9mm& L7, DEMEKEBMITENIBNy FCEREBEZELAHBA RIS
(Sodick: TPH23-80F) % fu 7. [EERBEARIIHBRICHEN Lictk, BHENMIE LICBRERD H
R TWARKRIC X D HEIETY, BOZB emPicilZc. EBERIISOmm & L.
MT&G2FA-1IRT. BEMARERINT TREEENE 00 51100pmE TELIETZOE

P
NC EDM
Motor system
| P
-~ | Power
Electrode B supply
N\
Single
Workpiece pulse
device
|
Dielectric fluid
B4-1 HMEHENMTEREE
41 MIGHE
No-load voltage Vo =280V
Polarity Electrode : (+)
Discharge current Ip=20A
Pulse duration 7p =40~1000 1s
Duty factor DF. = 50%
Machining fluid Kerosine
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BE A1, HEEREIOERD Y v TEEIRIT > THIL.

M4-2i3XEZR TR EBOBREMLOED FERL TS, (a) OFREEINTII LI
MEECH L TREHICEBZZDVAATHNI.2ED 50, (b) ONEMREENTIIHIREE
ZEEIELNRSTAYREICH L TICEDEEZTNI2EDS. £cEb00881ICE
WTh, MIBPBIFICHEINE E0DHTHBKEFBICMLET 7249 Z>0MIA
ETMIEARICE L TRIREILMEESR, () OFREBNMIL TREOCERIISMEI R E
IAEERB D, (b) OEEMRERMIOBEICIIBHBOBF T ENEZE L AED STRICER
PEREINTNK EVHITETHS. THHLHEEMNRER/IMLTIE, MIABEIMIEEL &
—HF—THELU T B SICREFENSH S, BEF L OMIAHEIT—F MIEES : 36.5mm,
MMIEEX : 9mm, MLHERE: 3mm) THA72H, MIICELEMTZINTEROFTMICHN
fo. E-BEREEEVW () IMIfEOEREROZICLIVER L. MIBRGOER
REKYA/70A—%T, TLEEHEIIMHRNRERERICXDEHIZT -7,

4.2.2 FiREWICELAMT

FT—RBICHO OB FREBINTIZOWTHRI T - 72
K4-313ERBBERANTIT > BERERINBOERERERT. KFOBHBIITEYE
ANSORENVAABERLTED, ERBOBOEINRETVAABIZEL TWELDIE
BERNBELTCLES D THS. ZOHETIE, MIMEBTHIEROENICL 3EANEL
TEHLDICTEYEMIMBIIL > THBRENEL D, TOREBTRICRAOHEEIS5UESR
MHROKRELSROBHRET S, ISEMIEOHENDOB(MICLOMITHIUSHE LPI LD,
MIBEN U ZRBEETHBRSEML, 2Q00HERE&ULS.

ZLTIDHRDIEH44IZROoNBE LS ICEREYDAABDOEMII >N TREL LS. 2
OHIFBRIEEI LAEMEED SIEAHE UTHEBETHIN, BHRAS—HUTHBRELI

Workpiece -~ Feed direction

Feed direction

\Electrode

Electrode Rotating direction

(a) Rectangular electrode (b) Rotating disk electrode
H4-2 BHREREMIOEDH
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Rectangular electrode
Ip=20A, Tp=40pus

Feed direction

Workp!ece

F4-3 FRERMITHE SHh-BEEIRER

(c) D=9mm
K4-4 FEEEE LUEBEROZEL
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IMIET LI 2 -7z

UED & ICEFIRERMITIE, MIBOHENOB(EZNITES M TBIEEARLZICX DI
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7.

4.2.3 [EEMAREBRICLZINT
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.......... o+

Rectangular electrode H
I

Ip=20A’ r p=4O#S - o jfen ) el > > > > o > = e l”

E Feed direction

R4-5 BEEFRYSEMEHE
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MTEIMENTEY, BREIMEYOTHE HRERE) dEMATIHZOMEEEMLT 5.

H4-713, HOEEMARBEEAVEZMIICEOTIVARERBEREE(MSELESORE
BSER, MIENELIUNIEEIOELERTHOTHS. BROMEHIIO00pm & L.
TN TERAIRBEOEROACERARYT. KEBOAEONMLEEIREROZN LIFIT
FRETHLIEAREALTHS. MXVHSHELIIC, EBRERBINEERICE-TE
NZNOBREENE/NERZ7 UV RBNREET S, NV ABDEWHEICBEBEIRZ D
DIIBEOCHBEMTICBY A2BEAEARETHY, "NWABDOEVLHEIIBBREENRE (LS
ORMITEBO S 7 TROAB LS, »ILABREL LA FEMTEMBENDTHS
LEZ OIS, MIBICSVWTRESE, HEBHRISRKESWIIEMIKMIIYRELS. &
7273 RBHEOER TN TEENE LS. :@@ﬁiﬁﬁ%@ﬁ?%'&tié*ﬁ&
T OB EEIcEZELTHAEEZL oh, ZOBERIOVTIRBOERHERROERICE
NG, MIEHIRB IVABELURE %ﬁ@%M&&%L%M?%@Hk%%#,ﬂ%aﬁ
DUNSNBEITIL UV EHEWE S B THDT 5.

H4-8i2 Az AR BHEOEER & MTERS L CBBREEEOBKETRT. EEHOpmOHEI
OREERAEEIEEVEEMIUABEORERERLTED, 75 7HO0ODRSH U
BIIFATREBRCTONILEREELTAS. U757 74 MERBEBINL T, Lk
SIS BREERYHIERSNNLIRIATETH -2, FihoDEEMRERMLIOE

Rotating disk electrode
Ip=20A, T p=40 us
Feed direction N=200rpm

r > — : ACTILrEty

et '::AWorkpiece

----------------
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Setting depth
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K4-8 BROGENEBREEELICMIERICEZ 288

BHERIETHAMICH UEEAF AN EME (K4-28R) OMIERERLTHEYR, TOFED
THEMLITHZNTHhOMIIZERZZDohud -7z, IEDBHOSIEEIIE, 75774

FEBRTIIEROEEROEME & HICTMIER, EREEEOBI LTS, —HFHBKRT
BEEROEMNE & HICEBBEFEIIEML, FAMITREIZ200pm L TR/MEEZ & > T 3.
CNoDERP SHEEMARERMNTICEVWTEREZMEIEA I LICK > TERBEBITK S0
IO SMTHELERTES I E%b0 5.

PED &S BEERICHT 2MIEEOE(OERZBOSNIT 5728, KIZHEMRER
ERWICERRNEEREIT 72, BRETEYEICHNERRS 2 54 OENEEIHERE
RIZRIFTEZBIIODVTREE SOORENDH 3D, ThidEtk, BEE bICKHSS41EA L
12HBEDOHOTHY, SHEIIERIHBIIIIT7 74 FEAL, BHEOERIZODVTHD T
EBREIT -7z
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Rotating disk electrode/SKa3,
Ip=40A, T p=1000 us

Gr(+)

Cu(+)

1100rpm

=8

Corresponding length to a single pulse duration

R4-9 HBEEBEREROEN

DERFEIZT B 721, 7SIV RIEZ1000 us& K & D BEROEEE £200rpm, 1100rpm &%k X
Bz, FRBBREIEFTEYNLNEDIC, TEWICHIMIZBL TEDMABIZEWLTHE
RN —E LA LI L TEREZT-7. BELOHBEIX, FOREFICHEHTHIT
E1EO, VIVARIZE T2 HEABEERICHYT Z2EIIIHMITHEZ E0bME. -8B
DEEHZHEMIES L, EERICLIHNERBROFEN LV BERICHNTL 3. T4bDb
75774 FEBRERAVICBEOERERBROEIRZ, FEICEROIS LS ICHERICIZIZHT
BILTWBS. > THIRDR4-8IZR SNz L H iz, BREEHIE L X513 EMIERIRD
TE5EEZONS. —HHERTHONARBRIERMICKZLMENERSH, FO®RITE
BHEDHOVENRENTINED, ZOMWEIZHZT DEL L LEYOBREICIHIZEALES L
TWEWEZEZOoNE. CHEIRBICX3ERANKBEOMPOAICKEMEALY, 18
b & TEM O EEICK » TLEMAOT — 7 SIS EROBE SIS L A7-DEEZL
ohd. T UTEBIIREMTONTNE EEZOSNBERD 7 U— 5850k E X IZEEK
DEMEEDITPRNIL LTS, - THERDBEBEROEME &S ITMIICEYT
AEMAEINTE2EDEEZEZIONS. BEIITRALTLWEWIEBBRADOKERIZIZEA L
BUTHWEOWI EEZER LTS, CHOSDERBEE SV ORE EEHANIC—H L THA.
R4-10i3 N T & L MEHOBFKRETRT. HFOEFOH LUERIIFHAFIREBOERE TR
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LT3, HEOBESH LIS KEBZOEI A LEMEIEHMNL TFIZT—EEE LS. £
LTCIOERSAFERERMI TR ONIEHIEREBELNLS. £ 0rpmTOEIIHRER%Z
MEIBTICMITET>BEDOEDTHED, 5774, HOTHOBEBMEICENT
LN BB ENDIE. ThIIERETAEYMICKENE U I REOHEETORE
S, THIUBNICERINCHBEEO LIS 2 EMI TMMEFRICT AL IEALTNS
IHEEZohB.
H4-11i12EEMARBBN I TE NN IEOSEMEE LM IHC X A AERRETT. B
BOMEHENFR L LI 2N THOMMMPE L L>TE I b2 3. £EELDEE
BEAXABOBERIMIEDILOIEANIE - &) EHERETES. ZhiIRDOESICEZLSKS. T
RHLEBOEEIIMIKOBEREBIFICT A VWAKICBHOSHNGEEST S. ZODICK
BOBRICERMU TELE > CHBROLOHANEBIIKANINBEETIZLICL-T, ML
EHINKELH-bDEEZ SN B,

4.2.4 BEHELIZNIERIOE{L

wicElE MR ERE AW LIBT3 BEREBERORII OWTEREZIT- 7z,

BM4-12i3EEMRERMTICE T 3 BRETEYOTHERBETRT. BREIKOXSHICEBE
TEINBRELEYOTHEES SUBBROBRICK > TRAICERSNIc XS thm & 5. [
EMAREBMITIE, SIdOLDICHIBAIEBRINTH IS IIEBROMEI SHETE
BEVOIRBEETS. o TREBOHEALLTHOD > THNIL, FREME TOREAR
LD ZDONETOBREREBSLVCEREREZELTAIENTES. ELHEAEIIERBD
BB LUREEZCHDL-TED, REABESXOEME & HICHINT 2A-BME, EREES
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Ip=20A, ©p=40us ® Gr(+)
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Rotating disk electrode, Gr(+)/SK3, Ip=20A, 7 p=40 us
K4-11 BEmROEHDOZE/LIIHT 2 MTEERDOZEAL
X Feed direction
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Electrode

“ZWorkpiece

B4-12 Ei&E TIEMOTHIRE

I3 RA T BB-Cll, XOICHBEREIBRY LT CDETIE, FhFhhELLIBREEFTAS.
oD EEEZEREL, ERDEBABICETZEBEROE AT -7,

EEDOMEICEITEBEFEOEL (K4-1358)

(1) A-BRICKITBAE X1 (MITHBEARNSOBEIR) EBBEER(X)DEIFR
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Y OBRER %R, BEBROREVASLE (BRS) £DaLd 5L, BRPLELEYERE
EDIER,

RA-Da

THD, TRMmEE B0 S ORI,
{Da (2Ra-Da)}¥?

L. BESGBBHLIE S, BETOETEUEE S OB,
{Da(2Ra-Da)}?- 12

Fio, BRSO SE T PEE TOEME,
{RF(X1) - (Ra-Da)}*

TH5. IITEEVERBREIH, v OBIECERTOEES) FHOLSIEBLE,
22+{y + (Ra-Da)}’=Ri*( X1)

THb. §7Xbb,
¥ ={RA(X3) - - (Ra-Da)

TEINS. Lo TABETOREEE Vinld, HIEEWwsd 3L,

{RP(X2) - (Ra-DR)*} 17
Vir=Wiwe [ o oy, RO - E1% (ReDOJAE + v v e e v v s (1)

LD, XSICIDEXBEREZERIIWeT{RI-R(X)}ITHENS, RAMEKDILD (e : &
HEREHER, We: BEIE. |

Va1 =Wee T{RAZ-R*(X1)}/ €  + * o v v e o v o o o o s o o o o o s o (4-2)
(2) B-CHICHITBAE x: BEOODBEIR) EBEBERR(X)DHERE

A-CRRITOMIEREZRICRTIDICVIEVIAIRITTERS. 28, vy (EBP.L%EO
) 2R XS5t &,

Vi=Wive [ R2(E)AE-(Ra-Da) X2 v o o o o o o v o oo v o o v v v (4-3)

VosWare [ oo [{RA(X2)- L3P (YTHR) v vvvvvn e (44)
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{ DA( ZRA "DA) } 12

X1 N

2 |N\E
g/ X &
o5

X

< O P
Q

B -

7= N

{Ds(2R\—DW) }*— 1 {R? (1) —(Ra—Dn)*}'?
(1) A-B

g
Y,

RA—DA

Vi Ve

RA '—DA

{Rcz_ (RA_DA)Z } I/Z—st

.
(RE=(Ra=Dy)*)

(8) C-D

H4-13 BEREREHEFV

-65 -



B4FE HERRESERWABERNTOSREEL

155, ZOMEBBEFEREDOMICITRITE ERBRITRENK D L.
Ve =Vi+ Vo= Wee 7 {RA?-RZZ( b)) 7R -E R A R A 2 R R B (4-5)
(3) C-DRICHBITBHLE x5 (CENSDBEIE) EBEBRFEER(X:)DEERF

CETODEBR¥EREZRETS. A DM TOMLIERERKIIRT LIV, VaBXUWHISHITT
Z5. I TB-CHOERELI,

L,= {RCZ_ (RA'DA) 2}1/’2
THh, BERERE,

22+{y + (Ra-Da)}*=R4*( X3)

THiMho,
VisWaws [3 Ro(E)AE-(RA-DA) Lo« + o v v v o o v oo oo v anoss (46)
VisWae [ R3(E)E-(Ra-Da)e x5 = oo v o v oo oo v oo oo (4-7)

E735. HPOBRP.OMED S TIEYRIEEE TOERID,

{R (Ra-Da)?}?- x5
THod o,

VimtWore J o O (RA(s) - EN(RADOJAE v e e e e s (48)
L85, ZUTRIBELARE IhoDMEBBMEREDOMITIZTRAIRKD L.

Vies =Vat Vet V= Wes T{RA-RALIN E = o v oo v o e v oo nonuna (49

(4-1) ~ (49) RITL>TXx1&ER(X1), X2ERA(XDBRL A3 ER( X)DBEAFIRESINB.

ik, EBROEOREHICIE=x— Y - STV UVEBRERAV

AETHEOSNINIERSOFEMELEBEONTIHE & 2EATH4-14IRT. mEDREITI0
pmBETHY, FE-HLTVE. XD MIIC & - THET 2 EEARBEOHMBFITT
BIOTEETH B T EMBHS M &L -7z
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Rotating disk electrode
ip=20A, Tp=40us
Experimental N=200rpm
Calculated

R4-14 MLAEFES OEAME L FEME

4.2.5 MIBEZIODMIE

RIZEMUETOERBREEZZERICAN, MEORTANERINS D ICLHELBROBME
@E‘f‘ﬁéﬁcfc.

MEZTT > LSS OERNHORENE (H4-15881)

(1) A-BHEIZET BALE x: (MMLHABRASN SOBEIR) LBBMHERC(X)DELE
RHEES /IO, HHFEBERHERSEZNDASBIIMI TN bDETE. BRI
REIZG(X)ETBE,

Ci( XY= Ra-Ro( X1)
Tiiby,

RiXD=Ra-Ci(X) + oo v oo v v v v onos e e e . (410)
&30, BERBS TOBEY.OLEIIEYRE & OERIT,

{Da(2Ra-Da)}"?

THs. B BELILE, BEI.OELYIREE OB,
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Ra-Da-Ci( X))
Ly, BRI E TIEYEE & OB,
{DA(2Ra-Da)}- %1
&5, FBERPLERFPE & DR,
[R*(X1) - {Ra-Da-Gi( X1)} 7**
THb. T2, y# OBMIFBCEEPLLEL) 2ROLSICESE, BRAARRE,
224+[y + {Ra-Da-C( XD} ]*=Ri*( X2)
?éé.?mbé,
¥ ={Ri*(X1) - ¥*}**- { Ra-Da-Ci( X )}
TRINDS. L->TABHTOREFE VWL, BEEWET 5 E,

[R?(x1)- {RA-DA-Ci(x1)}]*

Vil =Wiye (DA @RA-DAY -3, [{R*(x) - E2}Y2- {Ra-Da-Ci( XD} JAE o ¢« (4-11)

LB IO L XIBHBSERIIWeT{RRA(X)}ITHED D, RANKDILD (e 1 #&
HEBHEREE, Ve : BR&IE.
Vw1 =Wee TZ{RAz-Rlz( b2) ) - R R L (4-12)
(2) B-CRIIZHITANLE X2 (BEAOSDOBER) &EBRHIERCAX)DEEHF
BREERERIZCAX)ET B &,
C2X2)= Re-RA{ X2)
THbb,

Rz( Xz) = RB'CZ( XZ) oooooooooooooooooooooooooo (4_13)

L1123, ACHTOMIEBRERICRTLIICVIEVRIIHIITELZ S, Tior#, vyl (BT
L%0E) 2MDL5ITEB L,

Vi=WweDas X2 (DA=DB) o ¢ v ¢ o ¢ s o s ¢ v 0 o o ¢ o o s o 8 o s (4-14)

Vi Ware [ o iy URZ(XD-EH2AE (YTHA) ov v v v v oo (415)
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{Da(2R.—Da) }'?
X1

Cz(itl)

oA
RA‘—DA_CI(XI)
y

{Da(2Ra—D) }' "= 11
[Rlz (X1)_{RA—DA’"01(X1)}2] 1z

N (1) A-B -

=

S—%—— 10 , X
P 2

én X2
-—Q% e

Q Vi Ve

_Ca(xa)Ca(x:;)
o
>

I
lU < X3
o N 0 X
Vs Q«: Va Vs
{Re—(Rc—Da)?}" *~—x4°
y
{Rczll"‘(Rc—DA) 2} 172

(3) C-D

B4-15 G10ABMIEETT O BEOBBEBELEF IV
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LiLE. ILICERIIELRER OMEBBRHEREREEOEICIIKRANRDILD.
Voo =Vit Va=Wee 7{RZ-RA X} e =+ + ................ (4-16)
(3) CDRICBIT AR xs (CENSDOBEHR) LEBMHIERC( Xx)DEIE
BREBHEREEIEZC(X)ET B L,
C3(X2) = Rc-Rs( X2
ER/S SRR

R3( X3)= Rc-C3( x3) oooooooooooooooooooooooooo (4_17)

&7 3. ADETOMIERERICETEICV:; ViBLUOVICHITTEZ 3. = 2 TB-CRD
PEEEL L,

L2={Rc-(Rc-Da)*}?
Thy, BEREREI,

22+[y + {Rc-Da-C3( X)}*=R*(X2)

Thadho,
Vi=WweDA®Lo o ¢ ¢ ¢ o o« ¢ ¢ 2 o o o ¢ 0 5 5 8 o 0 6 8 8 0 o 5 0 ¢ @ (4-18)
Va=WweRaeys * ¢ o o v o o o o s o o s o s o s s oo s s o oo o (4-19)

&35, RFOBREBPLAED O TR IR £ TOERI,
{Rc- (Rc-Da)*}2- x5

Thiho,

{RS* - (Rc-DA) 2= X3

Vs =Wye o

[{R*(X3) - E2}2- {Rc-Da-C3(X)} JAE  » ¢ = o o (4-20)
E1B. ELUTRIEBIELRAKE, ThoDMEBREFEREEOMITIIRANKDILD.
Vs =Vat Vit Vs=Wee T{Ra%*R2(X3)}/ € v« ¢ o o v o e o e o s o o o v o (4-21)

(4-10) ~ (421) RiTE->Tx1, BLIPHTORBERGC(X), CAX)B LT C(X3)NRE
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Ahb. B, EBOEOEHIZE=2—Fr « ST UEEZHN.

K4-1613REY] D AAEFEAM LEOEEMEROHAERLZTT. K OuiRKICEohi-M|
FEFIIBBEINTOBIENDMS. THOLLTHRETVAABEZEBRERICRES 724
BELTBLIEIZE-T, BIZREMEIITEVENEEICERTEXB3IENEONE

Lotz

Rotating disk electrode
Ip=20A, Tp=40us
N=200rpm

_L £

H i 3
Setting depth YVOl’kple ______________________________________________ Ig
[aV]

R4-16 1D AAMIERTT - IcHEOBERER
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o

4.3 #

AETE, MIBFENRFTHSEELShANENKEREAVAENLETD, B&
DEIESM LRI KIZTERBIIOLWTRF 2T 7. ERLBBREEEMIETSILICE-T
EDEERER D HEIIODNTORIFZIT 7. BOMIERIIUTOBY THB.

(1) FREBTHEML UEBOERIIRFANE S QY BERINS. ZhidBEOMIK
OFHNDOBANFEETH 5.

(2) HEEEERZAVIIE, MIEROBENRR L—XIZRD, MIHE LUK EIZRIC
B INBDTERE LB IIEREL 75 5.

(3) EEMAREREZ AL T, ORPEHEMIEEIEICL-> THREBEH W EE
X0 bINTEMAEHET S I ENTES.

(4) MEMAREREAVCTEBRORETVALBEFATIZLIZL-T, REEIBHOHE
ER%E/EIENTES.
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BHEMTICEOTIIMIERE, EHEEERSICNIAEIVSNIOBELZFMT EEXL
HIETHY, ZHOoDRHHIIEICESBRL TS, ZUTRBEMNLAERT 220121,
MIFEHXZERSEIRET TR TEBROBELZMIZ I EVBHDTEELLS. EER
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5.2 EREEENENIOERE

BEMLTE, BBCHESIBEENL > TIEYHEOBRENET L TR, FhEEd
IEBLEREL TS, BHEMIXERIAUNEZ IV FUIREEREAVTED, B
HEPKENVEDIREDID, —BOBKEFBOAFEHIN T . ZOBFS VX
ALy F U IRBEVHABEINTEREEN 1 BUTOEBREFEMINERICKD, 4H
OHREMIOREBHREZ 76 L. —RICEBEBELZTERICTIERRRD=>TH A
EEZEZ T3S,

(1) RIETRIVF-EE
BEMITRERIRNF-—ORTIXVF-PMEEINZ0, IhPBIXNF—IlER
SNTEBROMIIEANEL S, —RICTOLSI WHMTISHN T, MTICSELRET R
IWF—BEIIMBOMSE OmE BEZHEE A OB Om- L ITHAIT B Emoh T3S, Lic
Do THEPRTF YV VZREAD L ST Ome A VNS VM EHIBEOZ XAV EFEBETLMI a3 hDT L,
BIZEHPY VTR TF DX DITOme A DREVHBHIEO RV F—EEEEI L NEMIE
nicd . ZETREIRLVFE-BEOKREVEE, @ V27, 75774 MIEDBRE
& ->T, RETRVF-EED/NIOEFARMBEZ, BEOTHOIRXNF-—EETNIT
hid, BROBEELZNISWABEIENTEE™.

(2) Bik&EBEHROTRIIVF—EFOEAL

BRI > THEMI T AL BTR—MBOEAAEOEMI TS, WILVABNRENEEE
BRAOMIENZ XD, NV IABHREL B EERBAOMITENSL LE3HANHS. =
OV ZABOERFICLZBREEBROBREROEIL, »NWABIZL > TEEREBRBADIX
WF—EGVPEATE2HTHS. CHEIHBEBRIEFEREAA VERISGKDILD,
NWABOENEUTREFRBHEDOAEGNEL, NIVABREL LRI04 4 L EBROAEN
BB DTHD EREIN TS0,

(3) BLHEH— K OBBRIBEEANDMNE

THRMTHERERACBZEREORBNLTIE, MIKOBIRICE->TELZH— R PREK
L. TR RN BRIBEANTE TS, CHhoONERIIERBHYE, LEYHE, MIL&HEIC
KOEREBN, —RIBBLEBEEBETIHE/BUET, I ABORBEHNENZETERINS.
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EEEFICHNE?., ThRRBBEOAZ VA — RV BN EBREEICEET 3-DICBEOX
R BMEHAINNICREEESLIT, ZERABUNBBIZEROARIWHADTIVI =T LTH S
TBIZBOELHA L, BEOHENRICKL > TEBROBENMEREIN D EEZ SN TN 3B,

UED=>DERIZLD, BREBBRETAHIBEMIT/INVABEELTEIEicLD,
BREFFEMINERINS.

AESHENLOBRENSZ 29T, HEBMTIIEW TS SIIBBEEOMINERINT
W5 BREOBENITREBRERIEEINZ DI, GREONIEAERT E-HICIEE
BOBEEMADLIEPBEENLE. LHLENS, RIZBRES ICEBENEMTIZ SV
ABDEVWEHIZENTOANETHS. LT, #l, /'S5 7 74 NI EERDOBRTIIAE
TRETH BNV ZARDENEETOBREBENTRIATETH D, ERICHEBBRONES
B U TEEEOM LA - T 3.

& A TXia S NI BRBIEHEFELAERT 2R b EENERIIBSBEY — K L OBBEE~D
ETHEIEXZBAOMNILTLS. FAEFMSIREBREICHET IB8SBA—F ViL, &
BRETHILEBEL TV, RS- 1FIEBEEIC DO TERMIIRTY. REEFII DWW 3S
EEERE, RUNERBEEZE T/ 574 MEBB LU AV EY FRELZEBOHKE
&b ZOSBEEBREICIE, KR, BHER, I-7 X, A—KUTS5 v I ENHB.
ikﬁi%ﬁ%#é%ﬁ¢5774b%ﬁif@ﬁmﬁ&&ﬁ¢ﬁﬂﬁﬁﬁﬁETé.ﬁ%%
BIZOPFHEIBED—DTHS. KIIART I, F'57 74 ML, EBHEEL ARSE

(a) Graphite structure (b) Turbostratic structure

B®5-1 75774 MiELEBH#EE
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¥£5% CVDRABRCILIEHHEEREMLT

BPEIL > T—20FH, $RXbbAAMATELKL, ThPHELIBELL-THS. @
ZELELETBOBEAR 77 VTNV T =NV RAAIZLELDTHSE. 75771 MEEDHE, T
BELEBORKRIIBUMICENIN/IBEEL T3S, ZHICH LU TEBHEEDES, LB
ETEBORAZILS ERFICENINIBELL>THE. HEMTICBOTERBEmIICAE
TERBSBA— R ITIDEEBHEETH 5.

UEDES122 DS, ZOEBHEELXETHREMBEZERE UTHVWNIE, TERAFEE
EXNIHETFERETICEIT 3 EREBFENMINAREELIOTRENEELZ SRS, £
THEETIE, MEEXRFECL-TIEBEEZETAREMBEMERL, TORREIIS>VHTHR
HET-7.

5.3 CVDx*E
5.3.1 CVDRFEOEZELHILIUDH

AFEIZER U REBRIIMFRSE (CVDE) I2LhERL-bDOTHE. HS-2%
DEEOEKERT. [MEELTHWIL, 2—Y70)lTF L VI3S00°CHEN SR LR,
BROMERHTESRDITIERLET S, RLEEBETRIELLPTWLEYD—DTHS.
hZERDO LS UHBOERFT, BAESEOMNBHEICLIDH0CIZRINITS T4 b
MECTIVI U HREZF Y VTHRELTES E, HAEHOMAED EFESICIE 1 BRI

Heater Heat resolved carbon
\ (CVD-carbon)

% ] 728/
Mixed gas —Q—»

=

cl ClI
(::=C:‘, + Ar —————p 2 C+ 2HCl + Ar
H H

Graphite plate

Plating room

B5-2 (bEFE (CVD)
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5.3 CVDix¥E

T umDOHERFEE T, K5-3IRTHEEL LB RKE (LT, CVDRELELT) NEKS
ha. RETHOENEANISS 774 b EMTHD, ZOEMITC VD RENERSERT
3. EBRHEE (Laminan)id, REOANBHFENS S 774 MEMBERIIHEBE LD TH 3.
THROLZORBIIEBERETHS. F-MERHERE (Columnar) |, EMEREI/ZZOE
HICEE I NI-K[HESBERMINZELD, ZhEPLEULTERMTONI2bDTHS. K
HOEBE, BENSWMILE, FLHFEBERRENEESMATTENERLPT { HEREEIC
WHPTLHUE. ARATERE LTAVRRRIZOBREE EHERBENEKR IO
DTHh5B. THOLLEIOEBMEHT, ARARIIRLSZPMEMITICHE O THMIE S TER
INBIBGRAY— A EHEIELUL TS
CVDmﬁwwﬁﬁ%EMLmT.mmumbtxﬁuﬁﬁﬁimgﬁfﬁékb,%ﬁﬁ
HEHBEAANOL M E TREENELS LUREERENRECRELS. T0bb, HBANTI
BREMHENPTL, BOELY L. Zhictt UEBARMTRERIIFEHIZCL, bbb
DIZKWEWVDFEFIIRFHOROBELL > T3S,
FRBEOHEBMIAS S 774 MERGEDOER (7 (#) : ED-3) tHETSEE, CV

CVD-carbon

Graphite plate

(a)Laminar (b)Columnar

B5-3 CVDRFEDHEE

#5-1 CVDRFROHYHIE

Specific | Resistivity Heat
gravity conductivity
[gem®] | [ Qecm] | [W/(m-K)]
(L) 50000 2
CVD-carbon 20 (/1) 700 300
Graphite 1.8 1400 75.4
(L) Thickness direction

(/1) Layer direction
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¥5% CVDEREERIILIEREREMNT

DERZDIIIDHENKEL L >TWSE. ZOIENSCVDRRERIE, 75774 FMERK
EHBT B ERAND L, MENETHE LB oD,

5.3.2 CVDRZER

CVDREEBBOERL JUREZRS-4IRT. ZOBBIIH LIS umDA—KR 7 >
AN=ZRIZLTH S 1mmOEMHME L, CVDRELZFBRFIMIIKEIRLLDOTHS. ER
ERIZI6mmTHS. REOKEHEFAMMPFEAMTHEDICKIIRT X DI, ¥EHHD
HHEHL 01350000 2 Q@ - emTH Y, MARMODLEHITT0, Qeem &L 5. BB RAIZ
NZEN 2W/(meK), 300W/(m-K)ThH5. TRHOLERDHE AR TERITNPT L, BDEdH
DOXWARMER>TE. MILERICIHEEDOIZDREROIS 774 b (AEF () :
ED-3) $BEELTHW. £/, LEMICRRELESSK3IZH ..

FREIMNS VORI RA v F v IROBBMIBIZL - TiTb 7z, MIEBRZES2IIRT
Lot EFmToREEE L.

5.4 CVDxEREEOHEMTSHE
5.4.1 BEHENH
B5-513 VR BAZMS B L SOUMBBEREEZR L bOT, BROZLBIIMIH

BOBBEIDE LI DER L. HEVBALIELIIC, BEREL/ UVARBOHEME &
HITBBRFEFBII/NEL LT AI LI A, /7574 PBEBRBRBEBWIZES, »ULX

! Machining
_ direction

Pp=700 4 Q.cm
A=300 W/(m«K)

p=50000 1 Q-cm

CVD-
A=2 W/(m-K) carbon

g

B45-4 CVDRER fﬁ@ﬁ/-ﬂt%iv‘%ﬁ

Carbon fiber
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5.4 CVDREEBOHEMLISFHE

#5-2 HEMIRHE

No-load voltage Vo = 120V

Polarity Electrode : (+)

Discharge current Ip=5A

Pulse duration Tp=4~100us
Duty factor DF.=50%
Workpiece Carbon tool steel SK3

Machining fluid Kerosine type fluid

60

p=5A, D.F.=50% | —O— Graphite
>0 I™" ¢ 6 Electrode : (+) | —@— cvD-carbon |

Electrode wear W (vol.%)

-10 4
1 10 100

Pulse duration zp (us)

K5-5 BRRIEFER &/ IVRIEDRR

BONE R TIEEFEIZ20%B UL ENMI D KREL LTS, ZHiIZH L TCVDREERE
A BEiid, »OVRABNELR B> THERIZIZEA EHEEET, 7IVRIE4 usTHBERE
ERI2UBEL, FFEEENIATREEL TS, THLLRERE LM ITOER TR
ENEMLTIIATETH Y, HI2BEOHEEZBHICUTNIEHEEDOM EEK - Tz,
COBRIZZTOBREZITHTXAWERNHEEEZ SN5E. THIFEBROESLIIRENS X
9T, CVDREDHZEMARMOBEERNRE NI (5774 FVEROFH4£E), HEIC
Lo TBRAUZIEZ SNBBOHARICAHRLPTNIHTHEEEISNS. LHLENRS
PV ZROENMBIRICEOTHIEEAEHEEL TN &P, CVDRRBZDOERFERR
BR300, MLIZX->TETEBGBA—KR L ERBICILBHELZRF L TR I 0 0E
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¥£5F CVDREERIILIAEFHKEREMT

BdhE ZOFBFIIEOTOIMIROBRSBRA— KU NERFEEICAEL, BHBEFRELT
WADTIREONEHRAIINS.

Z I T L&OEBER S LV ERAMOBEEIT 7. B5-613, 7p=8 us&FEIVILXIE
DI LEHDHEDSEMEETH 5. HEIVBONMILII, 77774 NERFEEIZIZS S
7 74 POFRHBBINEEIN, MLICXOERLTOLEIERDNE. ZHIZHLTCVD
RARBWBEEITIE, TEMB LUBLBI— R ORBENREZL B o 3. BERSEH—K
v DRER SNV ABORVREBICENTOABEEINE BDTHY, THITL > TERERES
MINegeEL 3. CORIZRONSE XS/ UV ABOENER THRGBRA — R VM ET 3
RREIBDTHETHY, ThitLk-T, »WIVRBOEWEERIZE T b EBEHEFEIN AT
BB -7 6D EZZ 6ND. EHEELPTVAREZLEET S E, 7/'ST 74 FNEROAL
EOZDBEREPKRELSAPHIL L >THBDIIH LT, CVDREBRIAIHMONLENE
B-oTWa. CVDRIREBOBAIIHEFEIWNIWNIZITTEL, HIEREIUBIRERIER
HEEHAMETRESELLZIEHHERFHIIREL TR EEZI OIS,

I LRI O BRYEEE OXPS4H4T (Fisons Instruments#t# SSX-100S2{#/H) %17 -7-. X5
T3 ZDBORE 1 sSHBEOREFARY bILVTH3E. ZOSWERIZEED SH10mmDBER
DERTHD, EEICBRINSZIARUCLIIBILE RIBEOHFELREBIIBEMCEEA
TAAMF Ty FUOTICELDBRELTOAS. MIEDORARY MVIBRTREINTWHAENRCV

Surface

Corner

CVD-carbon Graphite
Ip=5A, 7 p=8 us, D.F.=50%

R5-6 L&D BEREEE X THEE
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5.4 CVDRFEBOBEMILSHE

DRE, 'S774 FPEBIBFRALEEGIRNF—ERL>TNAE. £ART PMZCVDER
ZDIEFHIVRENE L, EXRD bbTMINEL B >TE. ZHiEC VD RENRBROE—
BRSAELT0 S THS. HFEREIHBMTROMIERETT. J0HE, &R
NRIETOMLOHHEEBAEICIIE VM TROBIREH — R PHFE LT DFD
COEBRBBRBEICAE LLRBSEI R DARY PVTHSE. REXDBALSHILIIT,
CVDREICHELEBRBY—FKLDEINTSST7 714 bOBKERD bREZRNVF K
XL oTE. XPSHHFICBITARAILRINF-RIEFREETOBRBNERLTED, 20O
DL S icBIXNF—MICY T T 584, KROAREFTHS | sBEFIFEFHKITE
Stz I EEERT E5. A—DRETRAIRNF-DBIORD LI IRUEZERIIH LT
ZODERNEZ SRS, DEDIIEOHERKNRILBZEE, b)) —DORERUNDOERE
BEDOAXNWEFERASLTVABRETHA™. oI hicfiBBREEICIIBIEA—K U
HERE L TAMOAELTED, REORENEIOGRS. LOLISF 7714 FDHBRE,
Z0EBIEARLhRBYL. Lkd-TRESTBERSBHI R BEROBENCVDRELS
5954 FTREL-TWEEEZZONS. THRHLLECVDRRCAETHBRSGBEHN—FVH
Bb 757 74 POBELD SIFEREBPRSOOTRALDIEEZI SN S,

K5-812/ UV ABAZLI B X OMIEHEI 2R, MERE S/ UVBOHEME &b
HX3HmL, 100ysTHEIBDTE. "V IXEOENEZETIHEIIRBETH B0 NIV
EBOEVESIZIE, CVDREBREAVKIEINS S 7 v4 MERL D IMTEASIET/D
XL ->TNE. FIROBRIEEROERESDOETERET S L, CVDRIAEBRII/ VAR
OEWHEITFRBIZECTERICENTH S EVZS.

B5-92/ IV ABA B X G EXOMIEEDOEMER LD THS. HIVBALHIEX

CVD-carbon electrode :
before EDM Time/pt : 100
Data pts : 251

Spot : 250*1000
g‘éfagfheltggl\'/le CtrOde\L/ L #of Scan: 5
Flood eV : Off
Resolution : 2
Aperture : None

CVD-carbon electrode -
after EDM Graphite electrode

after EDM

Intensity (arb. unit)

| s |
290 288 286 284 282 280
Binding energy (eV)

Bi5-7 MIMEOCVDREL LUV 7 74 PEREEOXPSHH (CLsEEINRS V)
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#5% CVDEEERIILAEREREMNT

SICEBRED rp=10 usfETMIHERZEAELAL S, FALCVDREEBETRANWIIEI D
75774 NEBLOMITEEIZNEILBS>TNE. NV ABOENEEICEDEINKRE
¢, CVDREBROMILEZEIZVS 774 NEBOESRERELNLS. CVDREABEBZAL
72384, MIFICHENMSEIICRET Z I E0HD, MIFEEINIVDORMITREBORTE

20 :

rg Ip=5A, D.F.=50%

3 ¢ 6 Electrode : (+) |

R ............................................... ........................
(a 4 : :

[72]

[72) ; ;

2 S~ S S
£ 10

(o)) : i

3 5' :

12/ ‘s

ful é ;

S 5 —(O— Graphite
“g —@— CVD-carbon

=] .

m O | | 1 P 1 B LR li [ 1 1 4 1 128 l ]

1 10 100

Pulse duration zp (us)

B5-8 MNTLHEHME & UV RIRDREE

Ip=5A, D.F.=50% [ —O— Graphite
—-- ¢ 6 Electrode (+)- —@— CVD-carbon §

o
o

©
)

€

c

~

=

£ 0.4

" 03

(0]

)

s

= 02

(3]

>

(o]

€ 0.1

[4D)

o i i

[ ) ] R £ k111 B J 1 L ELIES [ ]

0, 10 100

Pulse duration zp (us)

B5-9 NI E/ IV ZEDEIHR
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5.4 CVDRREBOHEMLI4FHE:

HICREEPH B EEZ SN 5.
X5-10{3, MTEREDSEMEETHS. MLOBONELIITS T 74 VEBERWE
GEHBTSELECVDRRDGEDMIERMIIVEDVEODDHBEDOAXIINIL LT
WBIEPHERTES. MIEZBFRFEUTHE7cDBHICEZ ShE3TXIVF—IZALTH B
EZZoND. ETHEEBROBENENLEZEIZL-T, TEYANESINZ TRV E—
NCVDEREDF I ID/NIVDTREVNEEZEZSNSE™™, £7CVDREBHBOER
HRETREERPREOICDICBRIBERFMNLS DI, T—I/HERNTS ST 74 b
BRZAVKHE LD SNIVDOTEEOIEHAZINSE. Z0RHEIFERLLSI, C
VDRFZOHEIIMIEEI/NS LY, FMIEESI /NS LB EEZIONB.
UEDESICCVDREZANASZ ETHINNS S ERIEBFEOM I EELS. Lh
LEH5, CVDRABBTIRRS-IUIR OIS L) URBAMIEDERBICEZRIN:. Z0O
RiSMmTEDBRFTLESLVAIDSEMEETHS. RL)BHBFOMICKILEANED
TWBIERDNS. ZOHFEEESEN—R U T 7 AN—EMOEFSTHD, EAHIICV
DRFBICHART—FR L T 7 AN —DEENKEN ST IDITEL D EEZ SNE. 1268
HBTRROLSICBRIZHIN TR EIABBRIN:. ThiZZoEEL, BEBEIZ T~
YTNT=IVARIZEBHEETHD, TOKENPFNHDITHBOERICEL > THIN b
DIzZZ 6 5.

5.4.2 #RIXCVDRZEBOIMIISHE

CVDEBERAWA I ETHLEITFREIIEWT O BRENFEMINEEEEL TS Z EMNESM
Eliotz. U LERSHRDEETIE, CVDREOREDES LK IEMELIELET S

- oy 3 ; et T 2
CVD-carbon Graphite
Ip=5A, z p=8 .5, D.F.=50%

RK5-10 HEMTLHSEMEER
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%5% CVDREERICLAEHEHEMNT

72D FDEFDEFENKREZNENS HEND 72, £ I TEMBSOERE LEVLKS-12I27877 &
SURDOC VD REBBEFR L THRFAZT 7. ZOBRIE, 75774 b V—bE2E
MELTEmMICVDRRZERHEESIEOL, EMHFEZRVBOTRELIZLDTHS.
KiZRd &I, BHBOZED HFEITHEFIVNES S, BMEEOLIWERAMER UM TH 5.
K5-13%6 L URS- 143tk ROBERE AV HEOEREERS LM ITEM I 27RT. KO
TeHRABRDI 57 74 FVEBOKER AT, RLVBASHILS ICHIROBEREBDEHE &
Ak, "OVZBOEWEBICEOTHCVDRFEEZFEATELIFZEALHERENLL, HI BT
5774 FERIZEREFT/NSL L >TNAS.

Center Corner
Ip=5A, z p=8 1S, D.F.=50%

B5-11 MIBDOCVDRIABERFREL LUAE

Machining
direction

Electrode -
(without substratum)

Workpiece

B5-12 RIRCVD 3K Bt
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5.4 CVDRREBOBREMILAFHE

60

50

Ip=5A, D.F.=50%
3x30 EIectrode :(+)7

40

o

—(O— Graphite
—@— CVD-carbon

Electrode wear W (vol.%)

ol Qg .............................

| 1 Illllli B
-10, 10

100

Pulse duration zp (us)
R5-13 #RRCVDKEBRIZE T 2 EMBEFER

25 §
c Ip=5A, D.F.=50%
3 20 3% 30 Electrode : (+)
> i
o
@ 15
Q
c
o)
3 10
o
| S
& I —O—Graphite |
T > —@— CVD-carbon
% | i

| 7 2 1 B ELRE [ 1 3 1 f 2 118 ]
01 10 100

Pulse duration tp (us)
B45-14 HRCVDRFRBRICHIT A M ILEES

5.4.3 XFEHEIST774 MEE

ULDHRIDEEOCVDREBBOMBEHME, MIAEIH L TEEICANS I LI
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%5%F CVDEKEBREICIAEHREREMT

Lo T, TERATEETH » 7oL LM TR TOBBIEEEREIMLINA[EETH 3 Z ENBE SN
Ellote. LU S, THhoDBBOIERIZBNTIE, CV D REDERHERHEN—E
RICE T e mEFEF BNV, BYRICERIDNE 2 EPTX PO S TERMLMICIZIMENS 3.
ZITRIC, BEOCVDRIREREIZELRY, /5774 FEBEMICVDRELZHEL
feER (UT, REWEI 5774 VEREELT) ZHAVHEEOMIERII OWTHREE1T-
7z. ZOBBOBKAKS-15IZ7RY. BEREZ6mmTREIICAWZC VD REEREFERIZAL
Thd. BELUICVDREDEAIIHSOumTH Y, CVDREBBICHERRE TLMIZI
RANE[RETH 5. Fio, HBAMBENSTARME L ->TEY, MIERmTIIHERELAR &M
ITEVAMIIRALTHS. THRHOLMIEATIIERBRDOEH AMTEREITNIZL {, BzEBRY
INEL I >TED, FIROESHFEOCVDREBHBEIZEL .

K5-1613 BREFER L/ UVABOBFZRETRT. BEDIHCVDREBLVT T 7 74 FNERE
DERETRT. REIDBHOITEIIIRFEES 57714 FEBRTIZ IVAEOHEME EHIC
BRHERIINSICLEE25D0D, CVDREDL D IZVIVIBDENFERICENTHHEFEIVNE
WHIFTTIREL, DEOBEELTHS. CORRHEE/ 77 71 FEBIIEEIRLREDOE
AIIHIS0umTH B8, MIFADRME THBERRBIIIZLEAEBRELTLESEEZL SO
5. TROLLEIDOBEBDEES, RAOEBFANMIAREFITTHY, HELEBHFROE
EHDTE D, HBIZE DB IHBRAICL > THERZVHDNPTVEEZI OIS, X5
KHBRRTZOMAMOBEEEIVNSL, BBICLXDRBELZBMNMEDDIZS I &P,
HERDPREW/IDII V2 - NVRBBARIIIZVODDEELENEELTEEEZI NS
V) ZOER, BBEEOBEMIZSS 774 PEBIZEULI D ERS.

BEREBOBREEHERT 5728, MS-17ICRT LD ICBBBEERO—FTMLITALHI1ICLT
MIZT, ZOBRFEBELKR. REDVBESHI LIS ICHBRRIIFHOBEBTEEbIC
BRIBEEFEL T 2 EDD5E. ZOMIEETIZ608H1T50 pmd 3 # B kKB DK

Machining

tirection

B5-15 REHEE/ 7771 FEE
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60
$ 50
©
S 40
=
~ 30
©
[4D]
2 20
Q
©
g 10
o
2 0

-10
1

5.4 CVDRREBROBEMIiFHE

—@— Carbon coated graphite
—a&— CVD-carbon '
—O— Graphite

Ip=5A, D.F.=50%
¢ 6 Electrode : (+) |

L 1 lllllli ] L Illllll 1

10 100

Pulse duration zp (us)

B5-16 REEE /774 PERICEITEE/BEFER

Graphite
(&)
(]
[72]
o
©
o 7CVD-carbon
O Machining
3 direction
o
~N
E
2
Workpiece
(8]
(5]
w
e Ip=5A,
i Tp=12us,
= D.F.=50%

B5-17 HARROHEFEBE

4, ROBMETIRIZIZTNTOHBERBIILLELS>TULES. LOLEXNSZFDHEIBEZDES
i3, Bo727 5774 VBB IRHTVEELTE ST, RBREBSOEEREIZS ST 5
A FERFITHARDNEZ D RN EDHB.
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5% CVDREERICLZEHEREMT

HS-18I3RABE S 57 71 FNEREZAVWIBEOMIHEHM XOEERT. REFE/ 57 7
4 FBEBOBAR, MAROLSICMINPOBRK TN IETORBEREIEFELTLE,, £
BIZiZZ 57 7 4 MBS TMIAYTbI B0, 5774 FERABEOHI 2R

PEDESIZ, REBE/>7 74 VERTIE, BELIHEIVNERIHERELTLES 2D
IO BN ZERTE I LIITEU D -7, A8, KREHES F 7 71 NEBOBFELER
IRBDDOHEDKRFTIDETHAS.

30 ;
‘s Ip=5A, D.F.=50%
3 25 — ¢ 6 Electrode : (+) ........................
> : §
= 20
[72]
3 %
- T SO ———— T IIN e e
L H :
o) +
>
[JE o] S— : :
9 —&@— Carbon coated graghite
R (3 —a&— CVD-carbon
5 —O— Graphite
n . ,

O ¥ i ] P 41 3 k0 l ) | [ ] & il ll 1
1 10 100

Pulse duration zp (wus)

B45-18 KKFEHWES 57 74 PERICKE I SMIEMAX



[9)]
(9]
2t
o

5.5 #

T

ERETEMIEOBRSRIZ L - TETBH—KV ERLELBHEEET 5 CVDREER
BELUTHL, £ EFREICSIT3ERENENTEROIERICOVWTERFTZIT -7/, £E
TEHONIERIIUTOBY TH 3.

(1) CVDREBBERWMITI, 7V IABOEWE EIFEBICENT S ERBEICATHE
RIMTROBG B — R BAET S.

(2) (1) oBHEIZX Y, CVDREBHBEAONIIHERATREE INIA EITFERETICEIT
3 ERENFEM LA EE &L 5.

(8) CVDRZBMKIT, BRTIICVDBORBHMOESNITIHIZ, —EFTHEIGE
XBLVHREEHTB.

(4) REWETS 774 FEREAVIMITIE, BHREEOERIIZD Sk, Ihidm
THEICHEOHBREDEE - BELTLES HTHA.
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F6E E W

AEBTREEMTICEI2MIEHomELEE0E L, SERL, SRBEAEITNIED
BRI L OO OH - BMIEMNERET 2 L& HiT, HEMTOERAIRR DR
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BHENRE. F7LIAEETRERMT S ERKROBEICILD o/ FERBENEEL, FhE
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WTREBILFAETHAHIIL-Tadse, a+BEEBLUBAEIIKINEINSE. aBIESEITFS
VIZAlL C, ORED aREMATLEZRML, EREBEL LRIV T aBBEILIF 1244 TTi-
SAI-2.58nE&TRESINS. JOASRREREICEN. BEENIVY, HERZaHOAT
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2.2 WEHEEE

pil ALK ENITES HHE
a® Ti a REALTTE ]
Ti-5A1-2.55n (AL, O, N7z &) k& 7 0 B B
Bk E QLY T OB OB
neara B | Ti-SAL6Sn-2Zr-1Mo-0.2Si R | s mE
Ti-8Al-1Mo-1V A7 & L M@
FeAn e M o K # Lk
Ti-6A1-2Sn-4Zr-2Mo B R M
# = b A
a+B R Ti-6Al-4V PR R #®
Ti-6A1-6V-2Sn (Si, Zr) A b2
Ti-6Al-2Sn-4Z1-6Mo A
Ti-8Mn
BE Ti-13A1-11Cr-3Al
Ti-8Mo-8V-2Fe-3Al BRELTTE
Ti-3Al-8V-6Cr-4Mo-4Zx( 3 C) (V, Mo, Fe?3 &) Y v v
Ti-11.5Mo-6Z-4.5Sn( A II) Bk
#£2-2 HF 5 EOEEOYWRHME >
Specific Melting Coefficient of Thermal Resistivi Young's
gravity point linear expansion | conductivity esst:vny modulus
[gem?] | K] [C] WineK)] | 142 | fegimm?]
Titantum 4.5 1,941 8.4x 10 17 55 10,850
Iron 7.9 1,803 11.8x 10% 83 9.7 21,000
Stainless steel 7.9 1,673 17.0x 10-¢ 203 72 20,400
Aluminium 2.7 933 23.1x10°% 236 2.7 7,050
Copper 8.9 1,356 16.8x 106 403 1.7 11,000
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Bz - FHEEX | Vv bV UVEBRE  BMZEBOL-L, 77 ZXF—
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BN BFH « KAREROAVT o HFa—7, EiR, §—E7L—F

hiELE - 750 rORIGE, B, RS BSRE ILVTEORSHE

—RBULFETE | ksdABsREE MEEERRENE

Av¥, REAE|EE TR BRE

HEE, A V=Y T A—DI507v+7 b, avoy R, SUTE
MNECE, MR

R ALE  R=2A-—H—  EEHR

Lo v —Bi BEEDO7 V-4, ZR~-J  F=ZZAIF vy bIL—4L RF—-Zby7
$ivBE  FIylrowxb INTIST  BE M7 BB

%58 it MBEIL—L  RISAEL

IRV F B WRRE, AHMEHIBLERE, R ORREZRDLEREHR

HBERR, KE | HEEAEERE FEE  KEPIRSE

BLE RER |BREFELIE 5445y EEBEEE

FedkEets N kY #HF - TI/Faxz—¥%

IKERRE KEERES - MY BRABERLRFL  ARIUUY

KETIRF I UMBE UTHF 7 L ETi-6AIMVE LA ANV, ZhoDBATEEAR2-1IT
AT #TFF V3 aBORENEETHD, MBEAHL LHNAVPERTES. F/-Ti-6Al-4VE
SRIRENT a+ BHREETHY, BAHEME, MIH, BEHLELERMICIINS VXD
NREUIHBEZEL TS, ZOAERTIENICERINEFY U EEDH80% % 5D T
W3, RFAaaifadiail, REESVAETHD, sHRaEBERLTHE I ERbMS.
2.2.2 ZyTIEEEOVEESE

—RISOCULTHERAINZEEEZHHEESELFHRL TS, ThollERINSELHE
EEIFB L,

(1) BBETIENIRETH S L, TUHLBERFTRILUICK K ERBOHT XL EIL S

BEIhBWI &, BK, Bk, BALEESTTEELERNILE.
(2) BETEBEABENRI NI L, THOLLEHEBTOIERDBEIBREWIEFTEL, 7
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Ti Ti-BAl-4V

K2-1 #F 7 B LUTi-AMVEEDBATEE

P& ZOERIREEH
EA ST 500°C

s — 7 =51 MRS |°
L b — 25751 FETEE 700C

B EAT -FeiBMHEEE 700°C
NiZLBHHEE
e L100°C

K2-2 WHAEEDOFH>

D—THEELRTHEI L.

(3) FHAETESE(ARIINNIE, ERERBEUTICERADLINI L.

(4) mEEEd, $EH, NIH WaEEZEPREFTHSIL.
HETHE. COFRTHIIHBIEEBSERENEETHS. Yy bV, BT Y b,
EFFRL EOABEEREBICE LAY, BERLURMASEMEAINTLS. ThozaHT
ZER22D LS5 2D, ZOHTRM#ES (superalloy) [IX SICHE (—#&KIZ700CH L)
TEREAESLETHY, TOFHERD SFek, NiEdLUCoHEIIKFIENE. BRERZ
OBENI-BEBEICL > TNIEEENZHAIN TN A.

vy rIVEKIISEABRDOEEBT, WEM, WAatE LICEN, Bk, BKTILVAVITRIEE
AEBEREL. BEBICEERDHCEINGD, Bl HRBICIEYOWEREET S, K24
Ic=y FVOMEBRIBE AT 2. TELSICREN= v FIVEASDIEERETRT .
=9 VEBHBRSSIRINIAERS EL, FHIZC, Co, ML EEZ(BALEETH AL,
ZOEMITIZEAEDEENTIEAIZEATNEZETHS. TibbiccDBABSIZ LIy’
(H v FS54 L) HTHBNAL THOHHEFA LIEIF RELREEETHS. HFEGE,
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H2F% WHAEESEOHERNEMT

F£2-4 =y IOYEBHE >

Specific | Melting Specific Coefficient of Thermal ‘i Young's
) : . . s Resistivity
gravity point heat linear expansion | conductivity 0 modulus
lg/cm®] (K] | Dikg-K)] V'Cl WimeK)] | [+ | pgmm?)
8.9 1,728 439 13.3x10 ¢ 92 9.5 21,000

#2-5 REMN= v 7 INVERRESEDFHRK O

Alloys C | Mn| Si G| Ni| C| Mo | Ti Al Fe B Others
Hastellooy X| 0.10 | 0.50 { 0.50 | 22.0 | 47.3 | 15| 9.0 18.5 0.6W
Inconel 718 | 0.04 | 0.20 | 0.30 | 19.0 | 52.5 3.0 | 0.80 | 0.60 | 18.0 5.20Nb, 0.10Cu
X 0.04 | 0.70 | 0.30 | 15.0 { 73.0 250 | 080 { 6.7 0.85Nb, 0.05Cu
Rene 41 0.09 19.0 | 41.8 | 11.0 | 10.0 | 3.10 | 1.50 0.010

Waspaloy | 0.07 | 050 | 050 | 195 | 550 | 13.5 | 43 |3.00 | 140 | 20| 0.006 | $:35%% 0-10Cu.

Udimet 500 | 0.08 | 0.75 | 0.15 | 19.0 | 46.7 | 19.5| 4.0 ] 290 | 290 | 4.0} 0.010

700 | 0.15 150 | 67.2 | 185} 52| 350|425 | 1.0 { 0.050
Nimonic 75 } 0.01 20.0 | 74.9 0.04 50
1151 0.20 150 | 573 | 150 | 3.5 ] 4.00 | 5.00
No.64 BC 0.15 120 | 5251200 | 5.0 4.00 ] 6.00 0.300

BESEREHW, ARICL-TRADLONHS. JEIIHBEESETIE, BEREZLELL
WHOT, Ti, AIAICORIMTROREBHEERBRICHEMUTRILTES. ZOHHEHR
ZoHNVEEENRETREIRELIEEREDORXNEELINTED, TOEERERIERLEE
HITARIIMELTIA. ZOLI RIS, MZER, TERAHTRSI—EOTL—FEk
374 R7, BRELVELBEREWMIII S INIEENRIILCHAVLSATNAS.
FETIEWE UTER LIRS SIIRENINIZBMH#E S T % Inconel 718TH 5.

2.2.3 WRESSOWEMIKE

MRS ICBNIREEFTEFI 64 v T NVERETHEY, hoDEEREZ
DR Z I — R ICTEIM T PWEIM T O TIIERM R TH 5. HIHIIMTOESIZIEH <
DERNEELTHEN, —RICHHINEEZATHAS EEL OhIMEMEHLETS LU
TDkHTHB .

(1) EEIEL.
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2.2 WaHESE

(2) IR EL.

(3) BEMRL.

(4) BEJHEIVNI . , ‘

(5) YIHITE, BEoREHE, EfENEL.

(8) YUTRHIUNZ.

F&7EETIE, £ (3) KEXB3TEDOFyEVY. (4) ILXBUIHIBED LR, ZD#
WCKBTEER, (5) ICX3TEER HLFEOEMAPYYBLBHOEMNALZED NS TV
DRELPT. Ty FIVEBHRBEETIE (2), (8) IKXA3TEEFEIB L. HHEl
MITiIcH T HEEZEEIT (4), (5) IT&-> THHIBENRSBRIZHDPTL, TBERET
et EDILZERINIZE B> TEFEREZEI LPT .

H2-3i3ME 75 v OHMEIZIT - 1B A OMHIRGIIRIZTT TS Vv ODREVPOEEL KL RRHI
MIZDNWTRT > REDBASH L LT, REMSASCIIBELHHILNEL 75 v UVHEDOKX
ENWETATHOTHS. £72X7 0V AHSUSIMIHIOTREH LD BHIDITS W I &b
e, LALFIUEEE v TIWVEBHBEER I A SICHNTRIEICHRILIME S,
Waspaloy & René 41 (= v 7 I)VEBHEAEGE) 1T1~2, Ti-6Al4V (FF7 448 3 1LUTOM
EBS>TWE. THOLEFI UV EEP— v T IVEBHBESSRIEGEREE EREBENENUT
OWHIELME ST, ZOLSITHElcEWWTHIHFIHMTTH 3.

PUEDXSi2F 5 V&4 =y T NVEBRBAASSIBBRINTICBOTIIREMLEEIM &S
hTha., ZOHIhoDEEE BRENTEORRBIKRDONTIS.

60 : :
Wheel:WABOLI9V :
50 b= Speed ratio Kv=0.006 S TR
Depth of cut D.C.=20 umX0.2mm/rev |

240 | S i

I - I —e—Ti6arav]
o —O—— Waspaloy

c —x— René 41

2 20 % —a— SUS304

= —{— S45C

G

Plunge speed Vp (um/s)

[2-3 KEHHHOMEILICRIZT TS v OBREDOEE>D
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2.3 FHUEALOMEMIICBIIIMIIKEORE(LESEEEL
2.3.1 HREHEXRR

BEMLRZHOERRBROBHICL > TMINETT 5720, BEMTIFHOEBRIT
RCRERBBICIIMIEHAEARET SLRENRH 5. K- TETEERBEREZTL, K
BROEBER, BPREOBFZIT -7,

2.3.1.1 EBAESIUVUZATERBTEEBORE

HBII PS5V URY Ry F U SARON CHBMTEERY, FIRICID M BRAEE
BOOMIA-EE5EEZIEICLD, BEMICHREREEZRESE.. TEBMICIIERS5mm
DI 774 bEXUSREEZHAL, EEOMEBICHEREZERL, KRELTHEIRAET S X
HICBREHEEZFOEDOMSRICHEE LTER L. MIBCIITMBRMIR (LKi107Q.
emlPl k) ZEA L. TEWIRMTF S VB LUT-6AI4VAETHS. £HHEBEDDITARES
B ELUTHWL SN ASKD11 (Chemical composition(%),”C:1.40, 8i:0.31, Mn:0.38, P:0.025,
S:0.008, Cr:12.09, M0:0.86, V:0.24) % iz. ThoDIEWRATIMIE UTIEm A WA
FICEDFAERGHIL, =AY —8ICIOMELIE, HBRIum7TIVIFICXBERS v 7T
ZRU, EEMEI%Z1pmRy[FELTNS.
—RICERREREREZAET ZBRICHN ST 2MeNEmMBERII, MENEWTH
Z—HEEZUET ADATHD, ZREIHVERLIESHEL. EEORBERERII=RTT
HY, ZREFBRIZGOHSHET T2 LEBUNRBRERE LT IEGEI LN E *Y. ZokdE
WETE, BEREEREZRITHICEMT 3 7:DICZRABRAEESR 2923 E L THIRICH
Wiz K24zl ERT. REETRIAIVYEV FRAIASRBLOT U TEI—KROM I
FFOBDEFERL, MEICH77c-> TRHBEMAGBEEZHEL /X - Y X7 — 9 LICHEYEKFE
KRB L, R7—V30b—JiIlL0X#HBIYHD/ SV R E—F ZERBEISESEZ &I
£-T, 100X100D HDOZEEOHIGHNSDEFTEADIVNN—7 2B L THAI  Ea—%
KD RAL XS LT 3.
MIZHFIEEHEEZ120V-E L L, HEEEREZLVBEICIEET S CHITHEEHR
Ip=40, 604, 7SV RIE T p=40~1000 usE MBI RN F—DODHBHAREIWEHEE L. ERIET
BEEREERETIERNE, SIULEBREERET 5EMHEDOHERME TIT - 7.

2.3.1.2 HREHERBROEN
K251, BRERBET-BHEDOT 5 v E&EHLUSKDILIAER SN HBROSEMEET
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Diamond stylus — A/D
Amplifier |— cénverter

Pulse motor
Workpiece

Computer

N

Driver Driver| X-Y stage

| T— (0.5 um/pulse)

Stage controller

2-4 =RBRAEERE

SKD11

Ti-6Al-4V

Gr(+) Gr(-) | Cu(+) Cu(-)
Ip=40A, 7p=40 us

K2-5 HEHEEDOSEMEE

b5, HASEDBEHEZ DT TREL T A, MIEHFIIHEENIp=40A, /)L AIG v p=40 4sT
Hb. HEDBESHRTLIIC, FI/ U/ AEORBEREMICIILODOL I BERIBERINS.
HICEBREDOFRETELREL TS, ZOBRE, #MFF7 U UTHRREEZIT B4
CMIEHFEAE I EHEICERBRICBEEIN.. LHLENSSKDIIDOBAIZIIHERE
HIZEONT, TOLXIUBREILEHERTERY. THERBABEORICL Y —EBRM UL
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F2E WEAHESLOEERKEMLT

MRtk - K DiBEH I, BETEHEIIRELLODEEZISNS. THbLFF Ui
DFE, MELKTE EBMBERMENZ EEBENRBNI EICL->T, LIEWHBALRET
HBEENKREL, ZOBEMRBOTENIHE VRBEINTICEBIIETL, HEBRTRIE
WERERDIOMIRICE DD - D EBHAINT, BEIGEICLD ZDOLHBBRICE
lebDEHAIEINS. K2-6135F 7 B LUISKDIIDOEERBED=KRERTH 3. HLhHi»
THhOEBME, BEOFHFIIBWTHHF Y v OMERIISKDILIHRTE L) NAXL,
MMOBLNEDEL > TNAE I ENHRICERI OGNS, FLHEREOAR, IZALFOE
SHHMF I UDIEIPKRENLITHSE. ZITRRLTHELY, F7 U881 THE
F7 o EBULIERMNE SN

B2- 73 HBRICKITANAOE LY GEIREREREIHEDOHMOEAR LD TS
5. ZOMEBHEMNTEL)DHE, BROBMULIZEZLTWS. REXOBESMELSIZ,
THOLIEPMRHI B VLT HHER - ¥BEOZBHTE LY DHENROIRE . HIIF5 v
EEDHEITIIHNEREIOHO% bELSE. —F, 7/'ST7 74 FERE - EREDBA IS
DINEL, SKDIIDHETERBETHS. i, TIEYUHEHIOWTHET Z &, WTFho
FHEICHEBOTHSKDILLDEF 7 U HEDITI BEE D DHENRKREL, BRICEAXLHEER
RSB LS. H2-8E3HBRICE I AMEREIH: L HEREARDIEDHH/D1EE
L7cbDTH3. ZOENPKEVIZEERDENI L—FERBBIEERLTED, WFhoOT
BT H T 57 74 MEMR » Bttt SFER - EBEOIEICAKX L, #HBHEDESITHE
M S NI EPDNE. THHLLEBRERNBEDHAICIIEIHMOER, BRENETL,

SKD11

)

e
fif

Ti-6AI-4V
M
|'T0 |

Ip=40A, 7p=40 us
E2-6 MREHBHEO=RKITH
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0.6

CISKD11

e

Polarity

(+)

(+)

)

Electrode

Cu

H2-7 BEBREICHTIEEISIOHE

0.3

Ip=40A, Tp=40 us

NTi-6AI-4V
CIskD11

Polarity

()

(+)

Electrode

Gr

Cu

F2-8 BERERICHTIHERRSOH S

RAEBEOREREEZANOERENEENDIZOTEHLWNNEHAIZN S, F0WTHOER
HE, BEOEBIZTE N THSKDILIERF Y U HEDIES NED L DEVHEBRERIZLS

lEBbN5.

2.3.1.3 HERHWERSNEAORLYED
F5 UMBOERRBERTREIBELZT >~KERIBIEEALDSS, TEERETAEYIE

-109 -



B2E WAHESESOHEERREMT

BLTHBE . ZHIEETROL S ICF 7 UHBOBERRBEONERFOE LY NAEL,
TEERETAEPYIENCERLTLES 2D THSE. IITRIDHEZEMAL THEEN
FROEEDERE (BB OREZAST .

FTEREENE TEYEA L TICEEL, BRERLIRELERRNEZITS. JOBRER
ETEMEOBREREE2A Yo Ra—TICLVERTS. ZOLEHAER2-NIRT. ABEM
THICIIEMBOAE UTTAEBRELEYMIERM U THRNWESICIE, BEICKSVOEER
PEHMENTHAE. BLDBHoMELDIC, BHEFITI20VOEATEE RN SR TS D,
HESFEINS EBREOBEIIHEBREEIIET L, 7IVAIE rpOEMMEINS. HENRN
RTT2ELESOM (TEERETYWNEML THRWRE) (SEMERS A EBEEE R
IhTWaEY, GRPEUCIEERETEYIEMT 2 EEBHMOBEIIOVELSE. ZITHRE
FRRA» CERNE LS ETORRZE LV TEERTS. LHLENRSEE DR Ts
BEMERAICXOENRTZEDEFHIINSE. TROBMILENR UBEIZiIBEEEREI /N
SWVFEE LD EMIZEL, BREABENKEOESICIBELVBRIEIEL LI EEI OIS,
Z I CRMERIEZASEHEOBRBEBEREOEMIT DOTHRET Uiz, K2-10i3Z DR
ZARTHOTH5. MEERIDI/NINEE ([d=10pm) [TTBEENERTEINS T CITHEN
FEEL, HERTHRICABPELS. O VBEEEIVNIWIHRLICHERAB S
BELENICEBRICEMLTLES. —HERHEAERIPRENES (d=30um) ICIIHBELRTE,
FRIZELZD. CORSIEIBEEREIEZEL) LD IREVICDICERICEMLIS L. ZOF
RO ZDOEHTIE, HEREORABOELD OEIH20 um~30 ymDEiZH 5 I ENBRET
3. o TELEYBEHOATICIIBREEEDRENEELLS.

H2-NB3EXERBERTEONCHERE LV B IHE/VRIE T pOBFRERT. HEBERED
BLEDE/ VR tpBRENZIEREN EDIE. ZHIZ VIR tpREVVEEREL R

Tl
o | > |« Ts >

o
S ~
S i

Q
§ = L\m ¥ o
b R “
l( Tp ‘ ]
> -

S J A
o= P
. I
830

B2-9 SR ILEA
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d:Gap distance

] T |

—{

{
50A 20V

100 s
(a) d=10 um (b) d=20um (c) d=30um
Gr(+)/Ti-6Al-4V, Ip=60A, T p=400 us

H2-10 BEBEEEICKITTERREROXE

40

Gr(+), Ip=60A

€ —0— Ti-6AlI-4V ”

2 30 | —o—skp11

= »- -

2 O !

o)
i
Q.
>
2@

E :

0 1

10 100 1000

Pulse duration zp (us)

B2-11 BEHFES EIIVRREOBE

WFE—DNEML, BREEIENTADZTORABRLDNKRELSBLEIHEHAINSE. &
7z:SKD11 LG B EF 5 VESRMRVELEDFIPRENWI EXDIS. ZhoDTF—7F
ZECEBHERIEHBEREELDRBINREELI(REL, HERAAOE LD REDOAIEEZTT -
7.

H2-1213 M BRENE & L D B Ts& 7 VXM T pDBRERT. HFERII Ts=tpDHE, 7
BHOBHERT ERBFICEENELEBEERLTHS. REXDBESIL LI, WTFho
NABIZE O THHERMFICEEIRET 20T TIHAEL, HERTHLUES S LTEED
RELTNS. THOOHERAAOE LD IRERTH M U3 2 &b 5 9.
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B2E WHAMSESOSERKENT

JVRIE T p S EINE BiC & b0 - THELE D BRI TsH URMWINT 258, HEBERM cpicxid 8L
DRI TsOHE Ts/ tpid  IVAEOHEME E DR TSE. £hF 5 44 ESKDITE B
TA3E, FIUEEDEFINELEDVEREIESCLE TS, LA LENS ZOERTIIRRHE
BAZNFNOMBOBE LD BEI TG TREL TN S2Y, BEEZLET LI LEFTERN.
ZITRICELDHEEAEH U/,

R2-1313FE LY BE L VAR OBEGEERT. CITHFEELDHEERR, ThZhoms
OREBENADEL)BINRAELYBHTTR LUIMETHE. BAHEEL/ ULRBREL K
BIFEEHELDEEIINESLBS. 7OV ABNENESICRBREENIKEZL, THbbL
FNWVF-—BENRKEL, TSICMNIRSITCIAPOKMLIZE B > TLEMITERT IEHE
HNKENZINY, BRASEENANELPD, BEDABEL TR EEZSNE. —FH°
WREREL LB ERBRERIBEAL D, [BICLZEARMETL, BLOBERIETTS
EEZ OB, ERSKDIEHKTEEFFI U EEDBELDEEII/NINI EXDIB. &iZ
HEBEMLICEERN SN 5100 usPl T OSRME TIEISKDI1ID0~T0%DEEL > THD, F5 v
SERBEBRAAOEL D BMIZDBOMEITHS LNZ 5.

2.3.1.4 HERKENTIHHE
K2-1413, ERHRERPREERXMNIIRLUALDTHS. I THIXDEBERT 5 MES DR
RERO—E &L AU T ERBREMAES OERBEVLUIELNIZRRTEREN 527

Vi=(1/6)* 7= H1{3(D1/2)2+H12} ....................... 2-1)
Gr(+), Ip=60A . ]
~ 1000 g SO AT
(72
3
[72]
l— H
o
.'.: -‘00 r ...........................
o
? .
= A N —e— Ti-6Al-4V
a- g —O— SKD11
yd Ts=tp :
z 1 |
! 01 0 100 1000

Pulse duration zp (us)

B2-12 B kY & IV ZBDORER

-112-
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Gr(+), Ip=60A —— Ti-6Al-4V
—O— SKD11

N
o

-
Q
(@

(0]
o

H
o

Mean pile-up speed (mm/s)
nN D
o o

. ©
(@]

100 1000
Pulse duration zp (us)

K2-13 B EDEHE E IV XEDREF

D3

D2
I(l< > ‘

Workpiece surface VL

R2-14 HERBRERE

TOINAMEENRESINIAAMEEL, HEE LU TRRSINS KNERE LD B EH
Vi B A(Ds-D)2, JIRO=AFEHEOMEAE (D : HEBRNE, D2 KERELDHER)
TH5EARLRATEUL, HLBRMAHSOEEVLY) SHERE LD HIEEVREZE U]
WIEE B EREREEEVRET 5.

Vu=(1/8)* 7;}12(])32_1)12) © ¢ o o e v o o s s e s s s 8 e e e s e e e e s e (22)
VR=VL—VH oooooooooooooooooooooooooooooo ( 2..3 )
HEMTIEERHICEIREBEIRVF-ZFALZBMILTHS. BINLOHE, BUAIME

P ZHBMTRER, MTCLEBURELRIVF—BEEORNNMNIKRE(EEBINS. £
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®2E WHEMEAESOHERIEMT

LTENRITEYORMS OmEBZER AL > TIRFRESIh S, £ T—RICKENIL TR
HEDOHE Ome A DHBIMLO LPTIDHEBELTHERIDAVSOTNSE?® . 34H5E0me
A DEDNE NI IENTRXINVF—FEETMLINPTL, n A DEOKRKENHDITE
WIRNF-FELEAEZ RIFThEMIIhiZd hEnbhTng., ZAEZRTHOW I LEHORM
HOm BAEZERIBICZEOEOm A 2FK2-61I7F. KL DS LS IZSKDIL &g
3 EEF Y UHEHIBEERIEL, Ime ADEH/NI . THOOBRBMILICENTF S~
MBI UPT O EHHZIHhS. BAGICERELTHAVOZHEBLU S 774 bidOme
ADERKENI ENDMSE. CHhoDOMBHIREIRNVF-BENEL, BHEMITEHhiz{

V. THOLLBEBRELTERTHWEIENERTES.

F2-15I3 M BREBREEBVRETAEYOD Ome A OBFRERT. MIFHIIHEEFIp=404, /¥
WRIBTp=40 £sTHB. VTHOEBRME, BREOFZFHIENTEH, Gme A DHEOKRENVE,
SKD11iz R, Ome A DED/NZIVHF 7 VELTF 7 U EEDIT D DB EEFEVrIKZ L,
RROBUC LS HIEL TN B I &0 5. BRME, BREORFICEL > THEBREREEREY
RELSBELEBZDIER, ERMELILAYOHAEDLEBLIUBHRHICLIEFEREAA L BHRD
HEDEMFII L - T, BRICESINE I XNF—2E(TEDTH 3.

ULD#ERLD, F5 oMBIISAMBERET S EHBREOELDNAREL, BEHIZE
TEIERMLENLOD, HERBREFAENAEL, ERUEER,OAH BB TIIHEMI#
DIMETHE I ENBoNEIE Tz

2.3.2 EHEHEERR
RICEBICTF & ORI LIESRO M IE&ATHREMIZITY, T OMIAFHOBIREIT -

7. B OhAMIE, MIKPMTRELHAKRL, SROHERRBICEITA4H L DME
BERTDHEEDIL, FZUMBOREMIA =X LIZOWWTKRFZIT-72.

$£2-6 TS O mEBEEE L O 0 m- A

Workpiece Melting point 9 m Thermal conductivity A fme A
material K] [W/(m+K)] X 10° [W/m]
Ti ' 1,941 17 0.33
Ti-6A1-4V 1,873 73 0.14
SKD11 1,803 45 0.81

Cu 1,357 403 5.47
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Ti-6Al-4V
Ti

Removal volume VR (um3)

OmA (X10°W/m)
B2-15 HEREBREEEE O me 1 DBEF

Current
[— monitoring
sensor,
$ ——# NC EDM system

Electrode Power supply
Q
ﬁ Single
) pulse
device
v_|A
""" Digital | Recorder

storage
/ Workpiece | oscilloscope
Dielectric fluid
K2-16 HEEREEREE

2.3.2.1 HMEMIZ%S

EREBOEKZK2-161277. ZOMLBEERBIEERTHWV IS VIRIRSL v F v
FSRONCHNIKTHS. TEBRICIIERSmmD TS 7 »4 M XUHELE, MLKICIZIT
WRMIAEAZER U, MIFGIEAWEES120V—E L L, BHERBHIP=4~60A, /JLRIE
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H2FE WEHESSOFERKEMT

Tp=4~300 usE LI R, ZOEBEAK. BERESNELS XCEBEOTBH TERET -
7. ElTa—T4*777 #DERBBEBERAONBE50% &L

2.3.2.2 WENTSESSUMIRKE

R2-171%, F2 0 EEOREMNTICE T 32BN D ORBITRIVF—picktd 5 M LHE R
ART. BEDBOMRIIICHBIRNF I & U > TNTHEZHEMT Z. £LT
SEE - B, 75774 MERE - EBREOZBETNIRERIRELE I E0b0E. &
F L OMIICE T b RO ENE Shi:.

K2-181%, HETME - WM TN LET - HEAOBRAY ) ORELRIVF—pIZWT AT
HEROEMAAETRT. OTHhOMBHIB O THRBI RV F—HMICE b0 - TMTHEITHS
e 2DIURTH B, SKDILDBEOMIREE BT EE, HF 5 v BLUFF 44
DOMIFEEIZEAUTENLDNS LS. BOBEBHE - B, MIEZBCEOTHRED
BEsAShis. THbL, F7UMBRERNBERTRERKBICL 3REEBEIKEL,
MIMAEO SO EHREhiD, ERICENTIREINS (NI TSHS I EXbM5.

2191k, 75774 FEBREALL, WBNEBEED/NSVLEINZBBRE TN T AT -7
BED, /IVRIE T pNBBEEEWVICRIZTEEERTRT. I TEREERIIBENEAEE
MIGETHRUZETRLTHS. B/ OVREOHMNE & bICFiE & bBENEILRD
45. UL, —RICEREBEFENTRTEEL L B VRIBORNERE T, SKDI1IOHE 0
IEWMEZRLTOBDIZH LT, F U 58DBERELB-THA. WIVIEDOEWERE
Ti3100% A BZ TB EZARELNS. ZOLDICEBREENET+ %L LOZBETIZERIIT

8 : : :
~ L T-6AM4Y, - | e Gr(+) |
= Tp=40us, —a— Gr(-)
N 6pDF.=50% - ~—O— Cu(+) /Q ......
£
E S | /
4 g
2 / /C/
c 3 i ~
T‘: 2 / / IA .....
: ayd —*
£ | Bl
(] i
o :
|
0
0 200 400 600 800

Mean discharge energy per time (J/s)

B2-17 FHRBIRINVF—IIWT B MLTHEDZEL
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Cu(+),
Tp-40us, /
D.F.=50%

-
(9]

3

Removal rate R (mm®/min)

-—
o
|

| —@—Ti
—a— Ti-6Al-4V
—O— SKD11

w

0
0 200 400 600 800
Mean discharge energy per time (J/s)
B2-18 KELIEWICHIT2MIEEDZEAL
120

Gr(+), Ip=60A, D.F.=50%

\-\ —@— Ti-GAI-4V
....... L —o—skD11 _

—
(o]
(]

N (02}
o (@

S
o
i

N
o

Electrode wear W (vol.%)

o

]
100 1000
Pulse duration tp (us)

B2-19 BRHEFER L/ IIVXIEORE

|
N

-0

o

DIRDELL. —RICEBREBREMIE, JHRENTROBSBIIL>TELEZA—FK PR
LU TAEYHEOBBEANDOHBZILL > TEHINS. NI#OEBREELEET S &,
fiEE b TEYORBRIBEINIY, BRI —K U ORBRF I VEEDOBAITIIETEA
EHERINAI -7 H-> TERBEOEVEIBGHRA—R LV ONER, FEORRBLEICE
ZLTWBEEZ NS
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W2E WREESLOBERKEMT

220135 ¥ v 44&H XUSKDUOHTERSRYyEZTYT. REDBEOHRISICHELE b/
JWVRIE, BEBKOEME S SICMIEEIEZHEMT S, FLRBEBHOKREWHAEICIEFS
CEEDHIRBIRECREY, HETFTREELELTHOOAREERDO/NESWERETIRIEZ
EAEENRISNZ ERDI 5. '

RIS LEOBR AT »7c. H2-21idEOSEMEHTH 5. SKDIIOKBEIE—D>—DDH
EEIHBICHNTE, —R—RORENBFIZITHLH, MIRBBEELTHEENZS.
FLEMOEBEHESITHSE. JhHLFY VEE&DBE, —DO—D2ORBRIZHETH
<, EERICEERAEEROBRIZBZEIN-LHLOERNEBHA LN S. I S5IZHHD
BRPATZLELTFEHREINIOURERGAONS. H2-22BHEMLICBOTAE UM
Thsb. REDBOHILSICSKDIIOMIRNTIEAEREREKRTH LD L, F5 v
AEOMIBREE LcL0PHAFROLONELEBEINS. ZhooEE LMIBG,
EPMAGHTIZ & 2 CuKa®s LU TiIKaE D S EICTAEYDF 7 v EENSELT2EDTHB I EN
HOhBE. COLIBWMIHBEBROENT, TOERBHEOENWIERKT I DOEELZ SNS.
FHDOLSKDIIDEEIZIE, —ERLEIEMU-SBNEZRAENICE - TERRIZK D, BER
TEDIIL, F7 U/ EE€DHREITRITEYOBERMAIRELEREERAEAL, BEITI60EE
Zohs.

RK2-23i3EMTLROBEMEES LURBEHREREEARL TS, MILGRREEH
Ip=40A, /NIVAETp=100 usTHY, Ta—T4*7 727 ZDF.OHREMIIS0% TH%. SKD11
DEEABET 2L, EBEODF.OENFZ0%THEDIZMLT, F5 048088, KHEH
EUT, BENEATOBLDIIREBELOIEDNEILS B -TNBEI ERDISE. ZDZ &

100 :
Cu(+), D.F.=50%

80 b= —@— Ti-6AR4V, Ip=4A

—O— Ti-6Al-4V, Ip=60A
—a— SKD11, Ip=4A

—— SKD11, Ip=60A

60

40

20

Surface roughness Ry (um)

1 10 100 1000
Pulse duration zp (us)

H2-20 MIEHES & IVXIBOBK
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R S

“‘.91883 28KV 8
Ti-6Al-4V SKD11
Gr(+), Ip=40A, T p=40 1 s, D.F.=50%
M2-21 KEMNTLESEMEER

i soe

= & . ;T : 8
9@260 28KU  SBU ] 828447 25KY X508 “6Bun 928446 25KY X500 68um
SEM-image SEM-image CuK a -image TiKa-image
SKD11 Ti-6Al-4V

Cu(+), Ip=40A, T p=100 s, D.F.=50%
B92-22 MMIBSEMEEL LT, CuKa, TiKaf

NoF 7 EEDMI TR TREBNARET, EBOT 2 —T 4777 FWNEL L B9,
HEY:) ORBERBREFBEIAREVICLBEOSTHROL S ICMIEEI/NSLLEHDE
#HAlxTh 3. ,

Uk, ERERBICET24H, HEMIESIUCNIROBE, XoICHBREEICLAMT
REOBRAZHDOETERT S L, F7U680B413, HEBRONEDE LD BRI &,
FBELOERNEOD SICL > TERIPRBELPT L, ERRENS L LB 72HICMIRE
NEUSARET, FARICEENZDENMET T 570, MIFEEMETL, EROEFICHFE
TEHEEZONS.
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®2E WAHSESOHEERHEML

2.3.3 MIEEEESHE(L

AROEENS, F7 UV AEOREMIEZRELICHEEOIVHDITT B BT, +474
KILBEESZ B EVNBETHSEEEZI LGNS, THLL—ROBEBEDHER, TOMEICLS
HERNEAROE LY ES4NRLEICERIH, BEOBEIELICAEINTHS, ROKE
DRREET D X DI IVRARE LR BRIEFRAFIHT 2LENRDH L EEL 5N 5.

B22437 2 —7 47 7 7 DFEEMLI LI L EOMITEE QLA TT. —ARICEHH
BOFET 2 —T 47777 %2RECTHAEMILEEIRIKRELSKLEY, F7 4808472

°

e # « —H‘t "z
. © 1 LN
mnuenE
£ <
g3 x

—200 us
Ti-6Al-4V SKD11

Cu(+), Ip=40A, T p=100 ys, D.F.=50%
K2-23 BEEESLCKEBHER (D.F.=50%)

N
o

Gr(-)/Ti-6AI-4V, [p=60A

—@— D.F.=50% /\

—(O— D.F.=25%
—a— D.F.=15%
—— D.F.=10%
—it—— D.F.= 5%

w
o

Removal rate R (mm3/min)
[p¥)
(@]

10
— .
L = |
1 10 100 1000

Pulse duration tp (us)

B2-24 MIBEIZRIZT T a—T 4777 7DOHE
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2.3 FHUEEOBEMLITEI 2MIREOLE EEER(L

—F 42T P 7 IMRKEVEEMIEEIREL L EHIFTIIEL, 7IVRIBICK > TILEE
DERERBTF2a—T 4T 77 IVRETEI &b 5. HOMIFZHITENTHRKDOM
A& oz, M2-11B XUPR2-12ITR LI LT, 7V RIBICE > THERNEDE LD DE
X, BLA2BMRNELY TR URBRIEFMEEZ 5 Z ETEE LT REBIE o,
MIEENEKRTEEELONSE. ERZOBEOBERL-DOTEYMHREFEZEL LTS
&, BERBERIILIAREFRBELEZIT-HLTHEILEDNS

H2-251FF 2 —FT 477 7 FDEAZLIE I EXDEEE ﬁ/ﬁﬁiw%z"ﬁ‘ —ARIZE R
MBI T 21— T4 777 CREBEAERBELLVN, F7 U 48€DMITHE, Ta—
T4 T 7 7 ZMWHINVEFEERBERIINI LTS, THET2—T 4T 77 FH)
SNVEERBRENRELODERD, RERBILLZERERI TEHTHEEEZZ
>h5.

CHhoDHERNIS, BERUMIAELZRTHE, SKSMHCEoROMIEEEE oD,
POBBEELERIBEEILENTEXAIENHOIEL 7.

B2-26l3F 2 —F 47 77 FDE=10%DFEDF ¥ L EEOHBEMILIZH I} 3BEABEL &

UCHBBHREEART. AiRON2- 23054 BT 2 EIOHAIE, BEIIREBEELSD DK
ErBohThh, SOV EWRBFEMTRETH S ENVTS.

K2-271 3 BEBEEROLUBA/NI D, 757 74 BB - FBME, 2 IVRIE 7 p=300 £ sDFH
TFa—F 4777 yDEAEE(LIEBEOMIEE R B L FBBEHEREWOEINE R
REDBOMEEIICIDRBGIIBNTR T a—T 47777 %/NETHIELIZL->TNMT
HELEMIY, BREERELERIBEIIENTES. HIZTa—T4 777 7%210% &L

100 i
Gr(-)/Ti-6Al-4V, Ip=60A
(=]
i 80 —@—D.F.=50% §
g (O D.F.=25%
Z *\\» —a—DF=15%
2 50 ¢ ——— D.F.=10%
_ Ck\\\ ~— D.F.= 5%
S .
i 40 | T N % ......................................
-g Q 5
[Ty, ] :
| i

1 10 100 1000
"Pulse duration zp (us)

B2-25 BREERIIRIITT2—T1T7775OFE
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c
S® <
25 o
0o N
—i500 i s

Cu(+)/Ti-6Al-4V,
Ip=40A, T p=100 us, D.F.=10%

K2-26 BHEEESITHEEREE (D.F=10%)

- Gr(+)/Ti-6AF4V,

‘ Ip=60A, Tp=300us />
15

Flectrode  wear

w

..................... _.. 10

M\ Rejmov/al rate |

i i i 0
10 20 30 40 50 60
Duty factor D.F. (%)

B2-27 fEETFEHICEITZMIEES L CERBEROEL

N

Electrode wear W (vol.%)

Removal rate R (mm>/min)
N

o
o

IeBE DB EBEBNEERII2A% ENR DN, FLEAEREAVHOMITERIZ LN,
BhiE, WEERIp=4A, /IVXIETp=100pus, T 2—7T 17 7 7 IDF=25%OFE T THhE
BREFEREW=055% LEBEFRIGEVERFONT.. CThol3t EFMITHAOREE L TEA
AfEEEZ o 5. '

H2-28i3MILESImm & L= HEOMIEHDOEBRATOERERTSOTHS. HEMIIZ
BRERERELLERVIMLERLEZIEENITSH 725, BRERICHE EBEROZE
LZERIEEIENEREELS. FITAMIIBRS FThRKEN D, ZITRATKORRL
THEFERTRLTNS. UBMIAIOHHERIOumL TELTHWS. HEDBALMTL
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312757 74 VEE, SBE VWThOBEERAVHEITLAROERIIT—T4+7 7
U BINSVEENEBE. FamT 4777 FERMELTBI LI L > TEBOBRS T
NLERTES I EDWohEL o7,

800 — f
—_ Ti-6Al-4V, —&— Gr(+)
€ Ip=60A, Tp=300us —O— Cu(+)
3 : : . .
~ 600 | | | ;
o : . : : ‘
E 5
£ 400
o —0
S a
[72]
3 200
©
<
= i f s

o i | i i i

0 10 20 30 40 50 60
Duty factor D.F. (%)

[2-28 MMILBOEBREHDOEREL
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2.4 ZyTIVESEOMEMIESN

2.4.1 RBAEEIVINISRM

ERFERIFARDOF I VEEOERERK, N UVIRIZAA vF o FRAONCHEMTEIC
L->TiThhi. MIFHRIEEFEEL120V—E & L, HEBHIp=4~60A, »%)L XI§ r p=4
~200ys, Ta—T 4777 ZDFE=50%& L7z, MmME3ERMES LSRN, Gkt TERE
To7z. BBRICIIERSmOB|E LTSS 774 b2ERL.

2.4.2 RBRERBIUEE

TTEREREEMHICOVTHRE L.

K2-2913 = v HIVEEEDEENBROSEMEE TH 5. MILEHIZHBEIIp=40A, /L
A Tp=40usTH 5. HLDBASHEIFTIIZWTHOBBME, BEOCEHIIEWTHLHRER
ZHEIIFEFICIESNTHD, SKDIIOHBREEFEUL TS (K2-588). LHBROKEX
bHBHAX, #HENTHEREREL >THS.

2303 HERBRICK I 2 RERNASELD B I EHEHEBRESIH1EDHH/HIDES
ALIbDTHSE. HBOIDERDF 5 v E4E&F LUSKDIIOES FEKIIRT. RLOBS
DEEIITT T T 74 FER - EREDEBHT= v S NVEEEOELDNKEZWL. L LD
FUETRIELYDARITF I AERIFEFKRELIEL, SKDIILDHTNMIKEZVWEETH 3.
ERBBME, BEREIIONTHABEE, MOMEIERE, 75774 b - ditktk, & - 3%
HOBEIENKEL, 75774 b « EBEOCHEITITHAMINI/NI NI Edbh 5.

. Gr) - u() Cu(-)
Ip=40A, T p=40 us

B42-29 Inconel 718 D EAFE I EIR
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Ip=40A, Tp=40 us

g Inconel 718
N Ti-6Al-4V
[ISKD11

0.6

0.4

Hz/H1

0.2

s
G

2,

ol I NI |
Polarity | (+) (-) (+) (-)
Electrode Gr Cu

B2-30 Inconel 718D BIREIIINT IE LY BRI DOEE

Ip=40A, T p=40 us

0.3} F
Inconel 718 D1

NTi-6Al-4V
[CJskD11

- 0.2F

(]

SN

I

0.1

T

: \

Polarity (-) (-)
Electrode Gr Cu
B2-31 Inconel 7I8OHBEBRICNT IHEBREZIOLHS

K231, HREHBERIIBTIHNERESHEPRBERABDIEOHH/DIZELISDTHS.
BEOBoMIIITRBEALDERHE « BEOREFIIE VT y S VESEDHEITT S ¥
&4, SKDINZHARERNIK B >TNS., ZOFENVNIINENS Z EiF, HEMNIZEDOERN
BERERTHEILEZRLTVE. EHBEARDIOESESMOTAENLD bREWE
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WORREBTHAS. .

K2-32i%, HEREREERBEVRETEYORMSE OntBREE A DK On 2 COBKERT. &
722 TAMWICHT 2 HBMTRERIC OV TIE Ons A DEIVNSDIFEMIHEN LN EVDRT
WBR, ZyFIVEESEDIES, Ome A DHEIISKDIIL D HTMIKREL, EREOHAIIR
ROBHRIIBEHL—HEAETHE. LALEBEBOHEES 5774 FELXTREBNTIOS
ATHREFBRIIFERECREA L >TVS. —RICEBREOHRE, ERMEELKRT S ELEY
ROBREEFII/NIVD, —w T IVEEEERAB LT IS5 7714 FERDEAEDRIZBINT
FHEBHOEERBLRNF—R=y FIVELSEMI LD BLESIhI30TREVON >V EE
Zohd. IRIVF-EH/IZOVTIE, BRIC= vy IVERWICEE, 7IVREHN50~100 us
DG TRABRDBRERIMZIDREVEVLIRE*PEHD, ZHV BRI ERD—DT
HBEEZSNEY, FHHIKERIFTIEII I TEHT > THERL.

ULDHEBRBOERNO= vy FIVESER, RiIHBEOLE THEEREEEIKEL,
MIENBON D EHEREIIS.

RICEERBEROERNSMIEENKREWEFRENS, ST -4+ - EBHE, #H-
FREDOEY THEENBERET 2. K2-3BRZTO/KRERT. HEOBOMIXIIT, =
FVEESEOIN TEEIISKDII EREBEDHEEL - T3, HERBERIZBITIIHNEEREKRE
HEIOEETHIISKDII L ) I THENKE S LZ EHAINEY, EEO= v 7 VES
EOBBMITI, MIZHGITFA2EAOHMOERNHZEEZH5NS. ULHLSKDILIZE 5750

Ti-6AI-4V
Ti Inconel 718
l SKD11l
10T -+ — =
- 0 Ip=40A,
§ : E : T."p=40LLS
g 106 : ........ E ............... E ............................. .....
AN AN
el 105 LR SV S [ R
S [ t : ] :
> 11 1 1
o . N
E [ :
o 1 [ ! \
o 1 (I : X
potbtat b '
0 1 2 3 4 S 6

Om-A  (X10°W/m)
[2-32 Inconel 718DREBER L&
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2.4 ZoHrNESESODREMTIEH

MLEEAEBSNE I, ERALIZEALHERZRNENLS.
B2-34i%, —RICBBREEIINIVEIN L3RS THREBRIp=4AL LTI 2T > 7284
OBBEEEWEZRT. HEO/UVIEOHEMEL BICHERE b BERBEEIRD LTHL.
75774 FEROFE/NIVAIGI00 ¢ sTEBHEFEIZIZZ0 ETD, 200usTIHEBIREL <
A4 FZADEART. FHBBOBFEG L/ UVAIE200 usTIHIZEBEEEL S, COERIS=y H

N
o

—@— Gr(-)/Inconel 718 |
—CO— Cu(+)/Inconel 718 §
—&— Gr(-)/SKD11 1
- Cu(+)/SKD11

(%)
o

3

Removal rate R (mm>/min)
w
o

H
o

N
o

-
(@

1 10 100 1000
Pulse duration =p (us)

12-33 Inconel 718 DN TEEE DAL

Inconel 718,
Ip=4A, D.F.=50%

w
o

N
o

(@)

Electrode wear W (vol.%)
o

| i
10 100 1000
Pulse duration zp (us)

|
-
o
-

[2-34 Inconel 718 DEBRIGFEEDZEAL
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NEESEDOHBEMI T SVAEEZES THIEEREREMLbAIEL LS.

X 5ICK2-3513 A ER - MBEOFBTNITEZT-> - B4OMIEHE I OZE/(ETRT. HLD
oML S ICMImHEIRIRBERL LUV RIEDOHME & bicHEfnd 3. SKD11 & bk
TBEEIFEAEENREL, HEESR, "VIVRBONIWEAETRIHEIEZ/NEITEI EM08E
g A

100 :
Cu(+), D.F.=50%

-] —@—Inconel 718, 4A
—O—Inconel 718, 60A
—&—— SKD11, 4A
——— SKD11, 60A

£

2 :

>

& s

m 60 s - - D i
[75] :

a :
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S 40 5

S -

2 37’4%;/r |

@ %

(‘.é 20 s . e em e e e e e e e e aea e
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5 [ E— :

v o I i

1 10 100 1000

Pulse duration tp (us)

[42-35 Inconel 718D LE X DZEAL
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2.5 #
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M ESEDRERBEBMIEHEN TS50, RENRBFF U E&BLTy T IVEEESL
mh EBMHLERARICZOMIEEE, MIAAZXLIIDOWTHRRNIEBEEELI T2, &
THBONERIUTOBY THAS.

(1) F7UEETBIIERREROE LD ZFHMEOHE LD BREL, FZ208ELED
BERZTF VEEDITIHVNIL.

(2) BRBEBIIES I 2HBEREGREISKAMBLID bF 5 L EEDIEIINREL, TEYOD
RS EBEEEROBIVNI O FHEEHBM L EN P T W ETAERDOFIIHIET 5.
(8) ¥ VA4E&OESHNEM T TIISMAMB L D SIMTHEEINI L, BRBEFEIKEZLS.
F&UAEVEMLLETE0E, RBROEEDIRES, BESZEEIVNSWADHIC,

EIERICREEL, HBREBNEREIIARRELLBIDTHS.

(4) Fa—=T4T77 7 72N U+ 2REARKIEBHEZEZ B3I EICL->T, 2R IE
MTARBEREMNAT EENTES. itV F 7 U 48ORRBHEM TN LK
5. ISIEBRIEHFENLILEETHS.

(5) v NWEAEOHBNL CIIMITEE I ISHEME EFREBETHD, FRETHESIMT
ZEERTHIE, BRERFENILEELS.
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3.1 #

|

—BICERM E UTRERHENERIh TSR, BROSHICELL > TEHORE
HEPEEHM BB THEPY3D, IRy < VE—)V FASR E U TIISEAME D ME
HAIhTHAEN, BEERNMENZDELSRELPT, BET TOHBEIICLZIBEA
BHEUBIDNYNBELDTEREMETT 2, BROMONEFICLVBEENE LS,
S VBIZEBERE, BENELA VT F UVANDETH IR EOMENRHS. ZHoDRE
RHETEI00, EEMEAE, BEEHE, WEEBCENIE-= v 7 L-7V Iy AROK
HEESEVAVSHEUD TS, ISICERETHER, FERHITEIENLTIVIZTA
HHoOFEALBRIFINTHSE. LHLERSHEE, TIVI Y LFROMEMITICET AH
BRGNS, ZTOMIFHEORENEBELL->THS.

DD ITHILBEBMOREIED SNTINE—FT, £REGOHREDIDIZE(LMNE,
SOLAvF, Sy Ay FREOREUBREAIN TS, HFizy 2bE—ILF
ASBIBTIE, vV T 2EREE, HEEOM LEARLZDICERERICI=y T
WAy FEBTHFENEONTNE. LMLy FBERMEOEERNTIAELPT L,
BUABOEMIARZNEV S ETHENRD . —HEERRBINTBRKEARBM IS
T, BAMESMILETICHERT37-.DMIEOH AN, WEEESHMETSEEREINT
B3, g h Aty FABITHDIRBINTIC L 32 ZHNBEROTERNEZL SN 5.

ZIZTAETE, M ELTEENREN OOH3HEEB LU TINI =T LFHOKE
MR OWTRIBL, ZOMIEELESRE U THWIBESORERFHIC OV TKRITZIT-
7230 XS v IVBEREBAMLEEZRA W TV =0 AFRORBMI ATV, I LEHE
XEMEIEEEEBIC, MIEKHERIZBh =y FIVEERBEERT 2 I EE2RHT.
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3.2 LI EEARESORENT
3.2.1 v EAHREES

A, BETMBEAHNRDERINE Y 2IVE—INFASRE L THEAY, BEHME, W
BEHELEIBNIZEH—— v V=TI I U LARRBHASE T VER SN, —SRAZNT
W5, FERLDAVLLNTNAFCH (1ad A8k 133.2~38%C, 1.4~2.5%SiDE5 THEIT
Tz54A0 R=SA b BXUTIT774 8 (AR Do -TED?, BERIIBIFTHS
NEBEHRHNC &P, BEAHIZPPES, NVROIAEPCED A 7+ RIZFEANINE
LEMBARITS. ZHICHULFERAESGE (37 v 7 X (Bk) #BIMS46) LT XS 14
wAEET B>
(1) WEAHE

RETRERAZEI LTHLERCREICETANEEZETAS. H-TE&BELTREITT
EZROEUCRBWREBER DI ENETHD, N DR 2 )VHFOBRENRJFEE L 3.
(2) MaH
BHFEEEFCH L IR B HHEROKRIWIERICERELEZTDH D, FCHIZEHIF 35K
D& D HWEENL WD, BERICHSLEPERFELE . o Ty 2 MWPOBRHNRE
FT2HERZ. THOLEAMBAETH), BEHRBICLFUTH 3.
(3) #fzlH
RHHESSIIFCH &R UTRHICRE TR EEREIRE VY, SHEORENS—TH5.
TROLEE LS DTN 2 VB TORENTRELL S, £-EOABREIE D5
B D&M (F50%), TRIVF—IX POEHRL ($920%) IZD78085.
(4) BE |
FCH & B L, $920%8EL, ¥ o VBIZL 38>z
(5) WEHE, Wak
v I)VIT T AT ERENE, RN (B, TILAY) |

C DAFERENE E&MS46(365% Cu, 15%Nik IV BDAL, Zn, Feipia s U, ZOMAIINI,
Al oL 5 k&, Cu, Inhoi5 allhofk-TW 5. HEIBIEBEFTHD, £ROMII,
bolloBELRICLZERTENICL » TITHR T B, FHEBRPEEBRTHITIIHE
MIBAVShE. FLEANMIAETORENINAONRTNS., LI LENSHEED
BHEMIIZOWTORERI AT TIIEALELL, ZORBMIEHORANEELREL
LT3,
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3.2.2 EBRAZBICMIHEHE

H3- 13 EREEL JUCEREROBEKEZRY. ERIT, HERBLOREZHRA/LCIS VIUXS
24w FIRONCHEMILEB TN, TEBRIIRIIRT X5 iICHEEIRD20 X 20mm
DELFEDEDT, FOHAIZ ¢ 2mmD/NFLE T, 4.9 X 10°Pa(0.5kgf/em?) D FE 1 THILH#K %
BHXE, REOMIR, K[EOHEEZIT-7. EREROBICIIBMRAHEZHEERICKRE L
tetEE AN, BBRMERESISISS 774 8 (A EFY k), ED-3) TH5. MIKIC
FATIHRI LA (KHS, VITOL2, HiEH10°Qecmfl ) 2, LTIEWICITRIBROFHKAE S
MS46&, TERY 2 VAERELTHEAINTHWAFCS0B LUV RASBELTHEAZINS
RELBHISKIZLBOIHIZH .. EhoDERMREH L RI-PNTRYT. oMl
BF32IAT. MIEIRF Imm—EE LT, MLHE, BHBEFERZFML:. TEAEBROD
U v ¥ FEEIC DO TIRIERA AR 1212 T » T,

Electrode NC EDM system

Power supply

Single
pulse
p2 | device
INT S
5 Workpiece

1
<205 Dielectric fluid

B3-1 KREEL JTERER

#£3-1 TIEHOMEHEE>"

Specific Melting Specific Thermal Coefficient of
Materials gravity point heat conductivity| linear expansion

[g/em”] (K] (kg*K)] | [W/(m+K)] [C]

Copper alloy(MS46) 76 1,458 460 583 16.9 X 104
Cast iron(FC250) 73 1,523 544 46.0 12.0x 104
Carbon tool steel(SK3)| 7.8 1,731 502 452 10.6 X 10
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3.2.3 EBRERFIUER

3.2.3.1 HMEMIHSHE

R32IRA—MIEZBETTI 5774 FEBREZFERAL. BEROBHELEEL THERBET -2
e DHa&MS46, FC2506 KUSKIDHEBERDSEMEETHS. RLHBHLN T LI,
FC250D35E1C1E, #MBHEICENTHOT/MEIE U RUARELREREZ LTS Z &N
bbb, FC50DMEIET 2514 b, RN=FA4 b BLVPT ST 74 DS -oTNEN, KFE
CBRRIICBEINE 75774 FOBAPREINTE->TWAE. 7254 b, =51 F

#3-2 NT&H
No-load voltage Vo =120V
Polarity Electrode : (+), (-)
Discharge current Ip =4~60A
Pulse duration 7p=4~100 s
Duty factor DF. =50%
Machining fluid Kerosine

Gr()

Gr(+)

MS46 FC250 SK3
Ip=40A, T p=40 us

K3-2 WEREDSEMEE
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HBDOE S I BN ENMENZY, HBORICIVBRBREINSEY, /ST 74 O
RS (BERE) PEL, BEIHII WY, RICROABEE5UBRICKEZ D EER
55, ZOXHBERIIFABREHOIHEP, MIFGZENMITLBEGICEEIASIOI
FHEBREMTIOSRS, HeEMSIORBRTRES TEERABOMNLOB U ERIEESL
3. ZOHSEBREBENIEASFELEVWLSICRShS.

M3-33HERERICBITIANEREL DR IRENBRESIHIEOKH/H1ZRT DT,
HUHTELDDOHEERLTHS. REXVBESH LI, 57714 NEBHOZHET,
WTHOLEMIEOTHEEDBEFITI/NINWI Enb S, ELTEWITONTHET S
&, RERZERZFDH SN

E3-4iZ AR BRICE T 2N EREFIHREMBRENED1 EOLH/D1IZERY. OMEIPKEL
BEEOEOHBREERELSEZIERLTED, WTFhOLEHIIENWTH 57 74 MERE
HORETHEBKEN. F/275 7 74 bitkit, SFFBHEOLE TIRFCS0OKEBRIZMIZHK
N, BYENI V=5 LB DM,

B3-5i37°57 74 NERBOFH T THRERBEZT - LEORBEREREEAE D EHELR
NE-ELOBEETT. WThOTAEMICENTD, HEIRNVFE—DENME E LICKREERE
MY 5. F£SK3BELUHEEMS46DBREEFTENKRE L, FC250ENL D /NI &b
N6 CHEES). ZhidRBAcRohizckHi, 757 v 4 MO BBREZI NI WL
HTHBHEBZoNS. BBHOERWE, BEORFIZBEHTHREDOBMAASHI:.

K3-6i, RIBOHEENSHENMIERENKENEEZISNES ST 74 MEERKE, HEE
Filp=60A THEIBHBEIT - - & S OMILEE &/ VR EBDOEEE ZhZhDO TEWIC DN TR
L7zbDTH 3. REhBoHE LS ITEHESEMS46, FC2508 LUSK3IZREOLE(Lihg &7

Ip=40A, T p=40 us
0.e_p P K :EE
L1 MS46
FC250
[Isks3
~ 0.4
T
~N
o
T
0.2
0 ,
Polarity (-)
Electrode Cu

K3-3 BEREIICNTIELVEZOHE
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Ip=40A, T p=40 us MS46
0.20F | NFc250
[]sk3
0.15} D T
o
~
T 0.10}
0.05}
0 : 1
Polarity | (+) (+)
Electrode Gr Cu

H3-4 HEBRERICHT SHERESDEHE

107
~~ E Gr(‘)
[v2]
€ "
3. -1
h -
>
Q
€ 10%
2 E
O =
> =
g ] —@— MS46
o —O—FC250
QE, = —a— SK3
m N
105 ¥ [ 1 I[lll' i ¥ £ R 1 2 81
0.01 0.1 1

Discharge energy ¢ (J)
K3-5 HEEREZEEINENVF—-ORK

2%, SK3DMIEEITHAN S LEHEEMS46, FC2S0DMLEEIT¥ARETHB. FC250DHN
THENNSOOIFIERDOERBBICE I EBREEBEININI EDSFREINEIETHS
A, FAEEMSADIMIEEIVNIKBEZBERIIOVWTRUTOLS icEZ 50 5. K3-TiEZEH
ZHOILAEWIIONTORGER LBEDOBGERT . BH 5FC250, SK3DBAIZBED L
HBEEBIIBEHERBIBEPHIBDTII LS. Zhick LEEEMS46D5 1L, BE
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1000 ;
Gr(-), Ip=60A, D.F.=50%

3

Removal rate R (mm~/min)

100

.IO i ] lllllli | | L lllljli

1 10 100
Puise duration Tp (us)

B3-6 MIEE & ILXIEDREF

120

Thermal conductivity A (W/(m-K))

0 100 200 300 400 500 600
Temperature 8 (°C)
B3-7 FLIEMMRHC B 2BEEBR EBEOBKRYY

DLEREEHICBEEROMBEIIHEMT 5. —RKITER 2 T/EPH IO T 2 EMTEEIZT
ORI S OmEBREER L OHE Ome A DFEICERA SN, TOMIVNSEEMIHENR KN E
EHLNTNEY. HEEMS46DEETOD Ome A DIEIZSKIEIFIZA L (F3-188) THD,
EMIHIZHFEDEDRVEEZ OGNS, ERABOERKBICE T ABREFFEICB L THSK3
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%3% BAEEFSESONENTHE

EIEEFRAKETH-7c. LA LEERBICEOWTIRMIMERER LG IRBICESIBICL->-THRE
ERY, BEBERNFLLDE. JORDIZEGEHETIEOn 2 DEIFELIALD, TOEEMT
BEIKTIEEDEEZONS. -

K3-81%, HEMBEBEFEIVNI W EINHFBREEYE, HEERKIp=4ADLHE TML 2T
S>TBEDEREFEERLENNIIVIRBEDEFEETRT. DTHOIAEMIE T H/ UL RIEIRE <
BRI oN, BEEERIIETTEIENDMS. FC250D547 VX100 £ sTEBIKE L,
<A FADEERT. SK3OHEH100,sTIFF0 L5, FORBML TIIEBE T VIR
DEVWGAEBEREMINERTE2EINTED, THIIEULERIME SN, LHLE
EEMS6DHE, MOTIEML D BREIIPPREL, 100usTIE 1 %EL BFET 3.

K39z 2 ZTh DO T/EWEZ ML L&D ERBEEDSEMEE TH 5. TEEMRIZIIS 57 7

16 : :
— _ 0,
Cu(+), Ip=4A, D.E.—SOA — MS4E
12 ) \ —O—FC250 |
®) —&— SK3

Electrode wear W (vol.%)

_4 | | lllllli L 1 lllllli

1 10 100
Pulse duration zp (us)

K3-8 TREFERE IVAEOMEF

MS46 FC250 SK3
Gr(+), Ip=60A, T p=100 i s, D.F.=50%

K3-9 MI#EDOBRRFEHOSEMEE
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A4 FEA. BEhBESNELSIT, FC250, SK3IDBEAICITTEYIBRICSHMAE L TH
BZONHERTES. L LEEEMSIODHENEMIIEALRONT, £LBERFHDS S
T74 FRBHLTWEEZABRONS. BREBENLIEIEYS KTTHRNTERDOE
HMRIZE > TEULBA—FR UV OBBEANDORAEFICL > TEHRINEZ 1, HEEMS460DH
LSBBEENKEZVODIIT S L LEPHHOBBEENOABNDP LN EILLEDEE
Zohd. ik, SBEEAVCEEPHEEBREZEMAIELBEICOEAROARIERIN
7.

3.2.3.2 mImHERK

X3-10i35AEMRK, FBUOZHET TCOTEYOMIAHIEZRT. HLOWTHhOI/EWICE
WTH/ULRIBOHEME EHICHI bEMT 5. HESEMSI6OH I IFERITNE L, KR
TSK3WKRZW. ZNEHEUFC2S0DM I IIFEFICKEL, »IILABOEWRGTIIHEEE
MS46D¥ 212 H B Z ENDh 5.

K3-1113, BEMILE#OZLNTHLOIEYMDOMIEMOSEMEE THS. HEEMS46DEE
EFICHEIEMMRR SN S, THRERBIEBRICBOLTHEEPRMETHERI NI BRD
HhATW33DEEZI N5, E-HBEOARATOELDHBFIOERMIEAERSNT,
D EDVEDDHBHEOKEIIRETHS. ZHITHFHEEMSIODBE, BSNLEENZD,
HETHENE B ERBERENAROELDESNZOBICL D ARMREINS 72D TR
VhNEEZ oM. TOERAAEMSI6DRARRICR o/ KD ICMIEHE I PIEFIT/NE
CHBEHAZINB. FHFCBS0DEMIZT 5T 74 MABOESNARMETE > T 5D
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Pulse duration zp (us)
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FIFE BREEFHESEOWEMTATH

TS, IHREEFEOBICORONERTHD, JhICL->TMIEES IFEFITK
ERBEEZOND. TLILTTT74 MABET =S54 b, =54 MEB L DERES
ICHHEBRHRERZENPECTHAS. ZHETF4 0, =54 MG OBUEIZ L > TAEL
7ebDEEZ NS, SK3DGEMIEMIILBENIFEONTHEM, BEEEIAILI Ty I ME
gahd. NIV ABEBOROCINIEZEDOIOBEEBNEL LD, TOXSITI Ty I RRET
BDTHBH, IVARBOEBHENEZGEOMIEENTE /5y JVOFEEZERZL TS,
SHRORETR I 7 v/ DFEET AIRABIIRE, WEREIREICRD T Z7cDMITH#ICE
HEZRETAEENBELLS. LI UEEGEMS46D5E, KIZRT/ IIVABOENEEIC
BOTHI Ty 7 3EFERT, HEIZ/NSTEIENTENEMIBEDOEXFENRE
L3378, FRAEBHDTERTHEEEZONS.

K3-12{3 B BINLH DA EMS46D I THH OSEMEE B L UNiKa, CuKafgTH3. 7=
BI3-1313Z 4B D 1 umADEPMAIZ L AHTHERTH 5. HIEEMM46DMEBIIRKFTELRZ
5kHEBLRZB al@D o5, kHIINIEAL afiZCutni £ 5ATIS. SEMEE
LOBOMETEIIICHEMIEORREITIE, cHEbaELHEBORLZBREERBIERS

Gr(+), Ip=4A, T p=100 us, D.F.=50%
E3-11 HEMTLEOSEMER

SEM NiK a -image CuK a -image
Gr(+), Ip=60A, T p=100 xs, D.F.=50%

B3-12 $H44MS460IN T EDSEMEE 5 L UNiKa £, TiKaf
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3.2 Y VEERAREEOHENT

NT3. TLTIDEDKSIENIKa, CuKa Bl LIURIBOSRERN S —>OHEDFRHE
BEOERS EB->THA. ZHhiII—EBM LU TEMINEBICAHINTELE DT,
BB EER L TWEbDEEZ SN B,

K3-14[3H & EMSOREMTEHOBEERB LR O vy h—ABEART. /'S 7904
BRENTHERFOE y A—ZXBIIHE LTS, HEDBOMELSIC, BHOD a HOES
13#7200, £ HITHB0BEDMEEZRLTHS. ZhiSH U TEROBEEBOMIIIS0L EDfE
2RL, BMOallELUkHEID BB LTS,

UEDESIZHEEMS4OHBEMLTIHMIEMIAVNINI &, MIERICZS v 70
ELBWI EITMA, REICELABIERINZIHDICEEME L TENEEEEEET 3
ZEMBHONEL ST

LU, EROY VAR ELTHENLIEHZESFEL L TEZOEEHEAT 25T,

8k =
O
8
c - - ol -
EL
(o]
o
= 3
She ,5(3 g0
0 Energy (keV) 10.23| 0 Energy (keV) 10.23|0 Energy (keV) 10.23

a-phase K -phase Resolidified layer

B3-13 $f44MS46D L E 1N T E DEPMA 434F

Vickers hardness Hv
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Gr(+)/MS46, Ip=60A 8
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K3-14 off, cHEBLVBEEBOLE Yy H—ZES
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MIEEIZH e milERT A4ETHS. ZICTLEBKICESGEH L2527, NIEHX
OHEZR -7z, SEAWHESLCTFEEOZ>OEED/ Y — 0 2[3-1512R7. EE¥
BT d150umTH D, FEERII62sec/cycle TH 3.

H3-16i3TEM T AT > 7B AOMIEHEIZRY. HEOBEoMIKHIT, 757748
B, SERIBRELTIOBEIIENTY, BHEHLZLEEIITIIVEEHTLOBE
SO LMIEEIIT6~8ENIL LTS, FIZT57 74 FEREAWIGEIIHEN
K&, ZhidEghEE+5223 2 EICL-T, BMIICEHET IMIERPRAEERIFICHEH L,
HEORELXBRYTEIcHEELIOND. TLBEHONS - IZLEMIEE X OENIER
EZRTRIFLALBDOoNL. HEIRNVF—DISITNINEFICL-TISHAMIE
HIOHENTREIZKEIEDEEZ SNLAE.

L Electrode

Workpiece
K3-15 EBHREE/ F—

MS4s,
Ip=4A, T p=4 s, D.F.=50%
Swaying stroke:150 um

15+

10—

Surface roughness Ry (xm)

D%
%7777

0

Swaying A_INo b | No
pattern O ¥ swaying | | swaying
Electrode Gr(+) Cu(+)

Q)77

L

K3-16 BEEEINTICHITAMIEES
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3.3 FPII=LEHOBRENT

3.3 ZIZ=9LFHOBEMT
3.3.1 FZIZI=ULEH

TV =T AFRIZRCTN I LEZHZMLIcE&THD, VEDFe, Ni, Ml EA2 5L
BESESEY), BEMITECLOMAT RSB EOMMAKESRSRICAOONTNE. Th
AN, WFr+ETF—Yarzo—Ya VITBRBENREWIEORBER L THASYD
THb. h@ER W BREELTHRAINTHWS. COBOAEIZHINEIHEED
FTTN I LAFRARHACROBLTE D, WElE WEREEL XODBEMTIREL
THESIRENPFIN, FUBEAOBEMBELTHAMNEMLTHE. E6ITF5X
Fy/BEASESY 2VE—IVFASELELT, EROFMICHDIVASEPTIVI =TV L
SEN—HEAINEILDLTNEY, BRETHAEYE, FEHLTLITENLTNIZY LFH
DEALBRIFINTNS. E3BIAHETIEME L THW TV =Y LEH 3 (AIBC3)
DALERT ZRT

3.3.2 EBRAEESSLIUMIZEH

ERII PSS VIRIZA v F U IRONCHEMIBICKDIT 7. K317ICZ OIS ZRT .
TEBBCIIERISmmOFELFV.. MIRICIITHERMIRZR . Fg8io=—y s
IVBRBARBMIERTIE, JHMRZThII=y 7 IVBEK (BHEEBHIE (k) &, /-
A= JUNI287) ZBAL7-= v VBKBAIMILIE (Nickel Powder Mixed Fluid: Pl FNPMF &30
1) 2V, ERA L=y IJVBKOREIZ #3000 (REHSLm) Thb. HLBlHE DK
HARELRZEZ A, THBEMIEDLEHIZ1.23X102Q «cm, NPMFKIBAZE : 40g1)D %
Ni3143 X108 QecmTH - 72. NPMFERHWICIIL T, — v 7 IVBEKOLEBREZB 2D R Y
7, BERBICL - TIIRERR, HEsE.

#£3-3 TII=T LFHR 3EAIBCIDILEM K
(%)
Cu Al Fe Ni Mn Zn Sn Si Pb
Bal. 10.1 4.8 4.6 0.9 0.3 0.005 0.005 0.005
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3.3.3 ERERBIUER

3.3.3.1 HEMISH

FFTINI Y ATROBEMIERII OVWTHRIZT 7. ZOBROMITEG2E-HUIR
T, BBHBRODIHESBMHSKDIIZ TR E L TR,

B3-18i3/ VR BAE LS B L X DONMTEEDOEMERT. HLOBOMELIIIT, HEE
b rUVRIBOHEME & HICMITHRERBEML, 7OVRE0usfHETRARERLS. ThvTho
FOVZBIZE TS, TV oy AEHIISKDI EFEDOMIEE EIL > TNBE I ERPMNS.

R3-193BEBHEERE NV IABOBEZETRT. HLDSKDIIENETEETIVI T LEFHD
BEOBREZERII VIV IABOEANHELIREL, VABOEWHEIZII/NIE>TH
5. FBEFE LS/ IVABOHEME & HICBRIEFERIIEMLAL, 7IVRIEI0ysTHE LS Z
DEE 1 BEUTEE->THS. MIBOBEEREHELALIA, BREEICIINIRORS

r
NC EDM
t system
supply
Single
pulse
Nozzle ; device
L —— =
e I
Workpiece  Dielectric fluid
R3-17 EREERAX
#£3-4 MIGH
No-load voltage Vo = 120V
Polarity Electrode : (+)
Discharge current Ip=30A
Pulse duration zp=4~100us
Duty factor DF. = 50%
Machining fluid Kerosine
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3.3 FNIZDLEHOBEMT

30 :
Cu(+), Ip=30A, D..F.=50%
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£ 25
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0 1 ] lllllll | [ ] lllllll
1 10 100
Pulse duration tp (us)
BF3-18 TR & IV XIBDBIR
20

Cu(+), Ip=30A, D.F.=50% ®— AIBC3
—O— SKD11

—_
(9,]

Electrode wear W (vol.%)
o )

1 10
Pulse duration tp (us)

B3-19 BERMNFER L UV ZEOBGE

BIZK>THEUIA—FRU/BRHBELTED, ZHICL-> TRBEENITEE L -7 E0Z B, £
tz, 2UVRBHE SILERVLEETIIERENENTILAEELEZDEEI NS,

UED LS, BEODHEMIFBHIIENTT VI =Y LFHIE, EROSEM & IZIZEE
DREMLENERT I ENALMEL 57
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3.3.3.2 Zy U IBKEAMEMIICLZMIEDOSHREL

HEELIDVEBOEGREDOIDIZEMAMNE, JobXyF, ZuiIb) Ay FEDOEERL
BIfThOOTWA. By 2 VASEICEWTIRAN, WEEHOmLEZKZHIC, &7
EEIC= T IVA v FEBTHENSHINTS. LEALEDYRS Xy FEEBHMOEEEN
FA Y FEVHEST S, BRUBOEHNRENEVLSHERHS. —HFBEKEALIMT
BEAWICHEMIIIE T, BREBEVSREMIEmMICLE UNTEOHAY, HEEHE
DEETEIENREINTE D, Z9r Ay FITHhDBREMIIC & 2 EEAEE
NEZONB.

ZITMIRFIC=y TSIV REZRAUMIEHIZm EIE2 EE 61T, MImCmEat
BNy FVEBBAEERT B2 EA2RA. Ty FIVBRKEAMLEF THEERE
EREZITH, — v TV RBENHEREBRICRIZTEZEELR S DL THRFZ2IT- 7.

K320 3 MDD = v VB RBEAZAI B TEHERBEZT - BD, HEEEELTRT.
I OBEOMIEMZ, HEEMKIp=40A, yIVRErp=40 us& U7z, KX D@EFEDITHZEM
T# (0g1) TREEEOFRESVPAEZEATHS. ZUTo v IV RKDEBAREZHEMS
5 EMBREISNOEARICE > THE, MMENSLL>TNBE I ENDDOS.

F3-21i3 RN BICBITAHBEEIHIEHEBRR SHROMH:i+H,, EXUTZEhEHERD
BEVHSOERDEDLMHI+H)/DERLIZEDTHS. RIVBEOSILLHIT=y T IVHR
BEOHEMEEBICHBRESHANE(RD, 0105 LTHRINTEKDSEE DK 354D
1 & -TWS., FRBEVEIHRURI_ v Y IVRRKBEOHEME EBIZTPPRI LTINS,
Hi1+H)/DIZHEAM L BROBMUIZRLTLEAYN, HEBREREHZTHEALEZ D,
H:+H)DDES = v S IV KBEDOHEME E IR LU, g1 TIATHRIMIK OB S D¥5
BE ERRNBEPNIEL > TNE Z EDh 5.

B3-22 34T AN LK ENPMF(40g/) 2 AW THRERBEEZ T - cBORBRMESEETH 5.
BERELEHICETATRAZONIEYMY —EsR UBEE L5 THS. JHRMIKIC
BIIARBRIIFRESVEL L >THD, HBICK > THERMBREINICIEVERATE 3.

. S

0g/l 5g/l 10g/I

409/l
Ip=40A, T p=40 s

B3-20 Ny RBEZRLSIE/LZORER
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3.3 TINIZULBEHROBEML

Cu(-)/AIBC3, Ip=40A, tp=40us £
30 | ke —0.12
<—D-> Y
N\ ALY
£ A\ —0.10
3 A =)
~ 20f Ho.08 3
= (H1+H2)/D T
= -0.06 £
10 —0.04
-0.02
0 0

0 5 10 40
Nickel powder concentration Cn g/I

R3-21 HEREL)SIIHEREES

Kerosine(0g/l) NPMF(40g/1)
Ip=40A, T p=40 us

R3-22 HWERNE

Z L THEBESSIIZIEAERD onZ. Tkt U TNPMFZ VL8413, BRlEsaiE
BEAELREINTEHE ST, RHEIE->TNAEI EXDNS. ZDRDHRTARD L S ITHEKEA
BTEBREBDDTVERDOEPHEHEBREZERKT S LWL 5.
RICHEDEDOBEEEDORAEEIT>72. B3-BIIMIKO=y X IVIBKBEAB(LEIEE
XOBHEEROENETRT. MIKFICTIVI = ABERP= y ¥ IV EARAT 2 SRR
BNERT B ENREINTVE™D, FREROBEBRBICNITETO= v VB KRBE
DM ESLTORMERENERT 2 2 E0b05E. — v FIVBRKBEL1SgNEE £ TlImREE
BES2BUCHML, ThLBIIR L IEMRIZ/NEI LS. FLUTWORALZEET, &
PEEEIS#180u m &L YD, READHEDOHI2ELLE. THROBMIKICRKERATASIE
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kD, MIBOHEHAVNES LB EPERFTOMMFORSIORE T I2RIF 510
IR KT S, ZOER, HEOBIIMIKOSILBRIZE B> TTEMIZ/ERAY
BZHEEAINELAY, FIBROXI ICMAHOPROHERMERINSE bDEZEZ 5. L
LOERMSZ v HIVBREMLKICBATASZ LKL - T, EERBIIBOTHHIDO/NHX
WEBFEMImIERINS E#HAINS.

RIZ= w VB RIBAMIEEZAWT, BREASNIFHICRIZTEZERBII OWTKREZ21T-
7. AMTICHFAMIE&EERISIIRT. COBRBRIIX-YEFERN THEDEEES
(6.2sec/cycle, =150 um) 25X, — v VKO RER, EEAREI L.

R3-24i2 7V 3 =7 AFHDO = v 7 VKRB AMIIC 13 2 M TEHE &= v 7 VB R B E DM
#BERT. ILDBOMTLDIC, =y TIVBRBEAZE( XTI TEE(130.08mm>*/min &

200 ; ; s !
Cu(-)/AIBC3, Ip=3A, tp=2us

150

100

50

Gap distance Dg (um)

| é
0 10 20 30 40 50

Nickel powder concentration Cn (g/l)

B3-23 fmMERkE =y FIIVRRBEDORMRE

0

#3-5 —o IVBRIEARBMIICET 52 MI&E

No-load voltage Vo =90V
Polarity Electrode : (-)
Discharge current Ip=3A
Pulse duration Tp=2us
Duty factor DF. =10%
Machining fluid NPMF
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0.1
s e
(S o ©
N 0.08 fe® ® :
e ¢ ® °
[
E
0.06 S SO PPPPPPPUI ISP S O
o
3
© 0.04
© :
E 0.02 —CU(')/AIBCS, |p=3A, et e o
& T p=2us, D.F.f-‘l 0% :
o ! ! ! !
0 10 20 30 40 50

Nickel powder concentration Cn (g/l)

B3-24 — v 7 )UBREE EINTHREDBRE

BIF—FTHEI LS. FRDERBETIIREADBEDITS NERRNEDKREER
REPoA, TORICRONE L) CEREBHETRIRROFRICL ST, MIHENR—ET
HBDiE, BMREBAIZL> THENFH L™, EFLRELNITRENESNZDHTH S
EEZEZohB.

X3-25i3, =y VB RBEOZEMIHT AMIEOIOEFHHIEZRL-DOTHS. K&
Dy VB KBEOHEMEELIINMIEBEIRZBY TSI EnbM3. W0gRALICEHEIT
B#17em&ERD, THFEMIK (0g1) OBEOF¥4 &5 REMLIERIBHERDERIC
L->TEREINEY, BERPBEEERIRAMIICKESSEETIIEEZERET S &, §id
DR3-21 DM & L —FERETH3.

K3-26i%, MIBEEEWMEERERT. THENIROSHE, MIXEOHEREERIZELO
Tk, MIFAOERZHULLTEIEREL > T 5. —HNPMF(40g/) 2 AV TMILZ4T - 7c
Ba, EEREAVEARORBEDOERIIHE->THD, MEOIHESHIEEEBRLT
WA I ERbhE.

B3-27i, — v FIVBIRBRABEAZEMNAI VI BEAOMIMEEETHS. BREBOREL
BAREIC T A7-OMEICIBREEZBEL TV, THENIROBETREEEBIIEZGEICH t m
LOEEET, TOTHIZHIOumOEXDOBEBENFEL TNEIENDNE. L=y
TIVRREBABEZEMEE2IILcN - TEREEBNEAZHE L, H—ilHL T I&EMN
bdhd. i, ~RCBEBEBICREMBSORBIITEIDL7005y I BRET B,
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4 : : : :
T & - Cu(-)/AIBC3, Ip=3A,
2  Tp=2us, D.F.=10%
z 3% -
» ® 4
g ?
E ol T ®. . . ....................................................
S . @ °
o
R S N S S
R
US) a : ; 5

0 I I I i

0 10 20 30 40 50

Nickel powder concentration Cn (g/l)

B3-25 — /7 )UBREBE &I T X OB&%

Microgragh

Profile

Kerosine(0g/l) NPMF(40g/1)
Ip=3A, T p=2 s, D.F.=10%

B3-26 MIEEEEMETOT 7 AV
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NPMF(20g/])

Ip=3A, 7 p=2 us, D.F.=10%
K3-27 BERBEICLAMIMEmDEN

NPMFZFAWTIMI AT > B ETR<A 7005y 7 i3RI NT, BEFSMIEAERLT
W3 I EDRDbS.

UEDEHIT, MIRIT=y TIVMRERATEIEICE->TMImMEI IR EL, MTE
HICE<A787 5y 70FELEWE—LEREBIERINE I ENHONEL -T2, Z
OBEEEBEI—EAML, MIKTIDBANINEREEL/BSTHE720H, MIED=v
IWVBREBZUEEBZEZER LTV A D LERAINS. £ I TRICMIEBDRS AT 21T -
7z.

K3-281, T3 LERBH, RN LET TINLAET - 72384 OB EE K NPMF
FTIMLIEST > 72356 O BEEBOEPMAGHTRR TH 5. K& DATHRMIEF TNIEZIT -
HE TOMILERBOKRA IEBM EIZTEA ERMANLTLD, — v HIVBKREAMLEEZ A
BAEDBREEBTIIHOE—I7METL, ZHIIID-> Ty XD E—=7 B0 DML T
BY, BHICER=Z v FIBZRIZEENTHE I ENDMS.

K3-29i%, MIEFO=—y rIIVBRBEELMIEZRDO= y ¥ VOEEROBEFRERY. MILE
A=y FIVEBEERDORAFEIIRASHESTICLDIT o7z, REDBEONTLHIZ, MIEFD
oS VAKBEOHINE & bICMTEEEO= v F VAERRABIHENLTHE. hid
Zy IV KBEOHEMIIL->T, —v IVOEE LIBREBNEAZHE L TH—IZLB &
EHIT, BREBICEZNA- v TIBROSHEEDHEMUL TR HTHELEEZL LN S.
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Energy(keV)

512
Energy(keV)

512 10.23

Epergy(keV)

Base material

Thermal affected layer
Kerosine(0g/l)

Resolidified layer
NPMF(40g/l)

[13-28 ZE[f/E DEPMA ST

Ip=3A, 7 p=2 us, D.F.=10%

20
s Cu(-)/AIBC3, Ip=3A,
~ Tp=2us, D.F.=10%
= 15 | 2
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0 I i
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Nickel powder concentration Cn (g/l)

B43-29

—y FIVBRBEEBEEBO= y 7 VARFR

TIVIFHORSNOEETEE, —yTFIVRBTNIZTLEEE LGS LTS REHRN
FEICRS, SSHCHBLLZ2BAIIL» TRAMNFHMME(CEINIcEEER LT3 LHAS

hs.

Bg3-30i, MITREOE v H—REEEZRT. —v 7 VHRKEAMIR DS S OHEEEEOE

SIBH OF2ME, TR TROERMEDHLAME LTS I Ldbh 5.

ZDOEDIT, v

BREAREBMLIZE > T, #ROMIAEL) bREELRABELRT 5 LV FRELT -

7z.

— Iy 2 IVE—I)L FDEWETIE, €N VDA ERICHKBIEE1H, TOEOR
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ICEBEEDN, BHERBhOKREHRERENS. ZI Ty VIVBREABRENLICK > TE
BENIz=w VDY 2 VBT 3THERM L AL -DIC, WERAREZT-/. K3-31
13, BREERROBEKAERYT. HITRTESIC2o08 42 8mE¥T, £OMKRE 5 mmiZE
ET 5. BEEIARE (AEMIE) F¥ VOB HFEICH U T30 fnTEH, 1.96X
10°PaDE S TOORR > = VP (FTA60) ZREfFDiF5. ZORBRFHIEED Y Vb FIE
YA 7 I)ViHENT 3.

500
Cu(-)/AIBCS, Ip=3A, T p=2us, D.F.=10%

400

300 -

200 -

Vickers hardness Hv

N

Thermal Resolidified
affected layer| layer
(Kerosine (NPMF)

S

B3-30 EZHEEOEIDEWN

Workpiece(AIBC3)

b X y
Machined surface

Shell sand(FTAB60)+Air

B3-31 WEEREEROBIN
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F3F HBRCAFSSONEMITFH

M3 PERAROSREERT. WHOBES L, BRETFORAEIZET BL)H
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4.2 FIZIZUOALAELOMENT
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DTNB., RRTNI =DV LEEEEE - VEASBEVOIBENRH o728, 1072 3y P
FOEBEHTEIDIILIVBREBMIMDO—IDSTVAERIZHEAINBI LD SLEE, Z0O
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NTED, 20006 LTT00RPEFRETIN IV LEEDORENTODTHS. €BMELT
3657 NIEEFRROBEEAETHANBEENMEAINT VS, L4 VU25NVIVE
bREIENB A ZnREE T, MgZn bSO HICE S BHEIHENE LSRRI EBINH
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75774 FEBROTHhOBBIIENTS, TIVIZYLAEEOREEKIISKID 250 LEJE
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F4-1 TIVIZT LESATOTSOILEMRK
(%)

Cu Mg Mn G Si Fe Ti Zn
1.56 2.67 0.05 0.21 0.10 0.17 0.02 5.96

A ES
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WKBEOMIICBITIAMIEEDETHIBEHEINT S EEHIT, FHOMIEE SRS
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250 : ; : ;
— Gr/A7075, Ip-30A, zp=200us, D.F.=50%,
= In kerosine type fluid
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= A Tr=100
> B Tr=255

o 50 _.. ......................................... <> Gr(+)
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8 A : f i

e Gr/A7075, Ip=4A, tp=12us, D.F.=50%,
g Tn+Tr=100, In kerosine type fluid
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In kerosine type fluid

Bj4-10 FEHREREASICEAMIEOZEAL

-166 -



4.2 TNLIZVLEEDBEML

BALTWA. FXAKTREIN=0NS30% TIIEBREMTOSHE EMIHEEIIREETH S M
COXGTHERBBELZY LREUABEATOMIEENEKRL, L EITFERFITEOTHR
HYIIMITREOHAICH LERICEH EEZL o 3.

R4-10iI M LREDSEMEETH 5. TNI v LEEOMIEATEIREICLZTIEYODE
AOESDA SN, BROBMLUWERER > T3, FIIN=0%, 20%DFEIZZOFEFNEE
THY, MIBORNELSHERATES. T LTEBHRBEORESIEINT 5i1Z>h, FEIZ
BIEMERELLIARPOMENERTE 3.

H4-11IMITHEOXPSHITIC L AR AMHERTH S, SHTERAIZ250X1000 1 mTH 5. K
SOBPoIELDITMIEIITRM LB T 5 EBE, KEDTEWRES, FLTNIZVA
DEIFIINILK B ->TWA. - TIMImICIIBRLE, KILE BIBH—RUBRERME
BEZAMIINIZSVEMNERIh TS EEX 605, £ UTRRIINOHEME & b
LTHD, EBEREOHEDHANEZNIIIWNIEMNOBBHMEDOIS S 74 FH B0
BESBEH R ONEVREREEEZONS. —HBRIIMIEDIZ S B BHIZLEXTH
EREL, FENICHULTRIBEAEERMLLTHEL. O EHSEREREHSNIZEG
{, TVIZULEGETRBABMITAZ EICEDATMIEE TRILIRI > TWE EEX
s>hs.

B4-12i3INId 9 2 BREEROE(ETRT. HLON=02THHLEBEOHEBUMLTLD b
N=0~20%3 T L¥BEMTICY ULEBRERBELRS LI OE S NEREFREII/NEILLS
EVHIRERBENARA OGNS, FREMTICHY UEBRERELZIRE LIS NEREH
~DOLEYHE KOBRMEH — R O EBVENT 20TRIONEEISNSE. ZLTZH
VIReit, BREFEEINOHEME ESITERICHEMU THE I D 3.

H4-13 12T RO BRIETOSEMEE TH 5. N=0%, 20% T3 EBREEICTIEYE L U#S
BA—R L DORENEZLHERETES. LIHL, ThoDBEZONEYOER, FOMBERRE
IWRERZZIRONLTL. N=S02DHAITIITIEPORBIXIZEAERL, BABH—K LD
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BEMEFEOEE L WOHEERETH 3.
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