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BEHEATA RO - OiHe% | s => MM
WD B KO IEFEE O G IC BT DRk ERA AL en
TE, B THRIALSL T WL DL o7z,

FRFEAT A RO BWEHEZ GRS T 57212, ATA
R o5 IR R -, FOZ 820, OO LA
S ELZ LN TE, I E T RICZEL CHEEEEE
T2 DI eoTz,

o IR S AN St 2 — B SER D 1D &
BHEABRAIToIo L A, ARBMEEC O 2
ER TN FIRE CH D T EBEE TE T,

Lt% BREIRASCHIEIR » 7 A DL BERIR-SCMAMEIZ D
WTRRFL . ERICAT B2 ED T,

X B
1) BMOKPESL « A~— MREOFBLUI AT T IE & 4
B ORI OWT, (2016)
2) PRS- Bl - ALkl BT A X v X FOFFE X
RebEHAlr  Heffrfigaiam, (2016)
3) ATREENIEY L X — BE I H w3 XL ~=
270, (2020)
4) FElRiFess, BA)IRHE, Sifim, fex RZM, fix R
SN 7Ry M ETEH Uiz B SRR oo FE Fs
DOBA%E, A TR IERE 2 —TemE 5 22 B
(2019)
5) FlFEss, WHEZL, feax KN, ERIERE 7RIS
PRFREE OVERE) | TR TSR o & —WFeais &5
23 5. (2020)
6) FElRIFETE, YRS 2, Vex RN, R
ORI BRI 2098, SR LERTE v & —ioEHE
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(WA ER] AU 25T,

HBENILAL—

[RMMHE Bt e R s

£2022) MoEEELE Lz,

—HFICKHREMIEERO > ETZAV:

RN —Z U TR DR

WG ASIATBGE NG F IR TS v 7 —
L EMATIER

FERERT B AR
ER-VIES

(2019 A=/ —fRAFZEBR % Bh % AF-2019206-B2)

F—T— K SRITHUER
1. AROEREBW

A — N7 g EOEFEHTIRIBE RIS BB HE
KX OHEEICB VT, CMOS A A —& v IS -
R 9, A5 LED 7¢ & 00 S25EE0 S SO I A 12
D, ZID OER TIEIR &ALz Z2 NI 2R B I8 F[E]
BEAREZRE LW E W) =—XANEE-TEY, ZKT
A% JE 5] % 46 b (3D-Molded Interconnect Device ; 3D-
MID)U gk d—> & L CTHIfF &S T\ %, 3D-MID
V. BHRE R AR R T 24 B I C =R ey 7R 7[RI RE 2 T Ak
L 7o AR A B RE & BB IR RE % Hfedadis 2 72 A e R &L C
BV RN o PRI & i LT A=A k.
Befv, BABREOEOGEEE iR L O%ST T OHI
Wp & kkx 72 XY v b3 d %, 3D-MID ORGETT A4S
A= =oAL R TIENREEIN TS, =ik
W EEZESD 7 NV—TTHRBEEZED TE SKW-L2 T
TEET | BIBMEF~FRER 72 U DR & 5 O IR RE
RERE~OFEAHE A LE LT RSN TV DX 72
S/ L — FOBRICEHFIRE R =— 27 2 TiETH
%, SKW-L2 Tk, K 1IR3 &5 ISR E R
WRPETRIIZ L — Yok 2 B L CREWE Z1TV. 2 D% O

Molded resin

Selective surface
modification
by laser irradiation

Adsorb
catalytic metal

Electroless
plating

1 SKW-L2 LiEO () & 3D-MID SEFIG)

11

HER G (BD-MID), FKimickE ., MEMD > X

AL K 2 IR R B D - & TR NNE — 2 &
T 277 47 47 LiEThH D, REKERDO L—¥k
& L CBE SV AL—FEAWD Z & ¢, flfik &
72 PCOR Y A —ARx— MEERHD > EMETH D
PPSCGR Y 7 ==L L7 7 A R)BHIE S~ OB E
RE—=VIGRREAT D T ENTE DB, LR b, #
NEERH %2 L—Y ML 5728, Bk SKW-L2 T Tk
Db FRESHIA S TR Y WAL Ra 2~5
nm), EJED o XPFEOHEE A B = X LIMIEO R HM S I
KBTI —RR I THD L ENTND, 2T b

O #5502 TR AU B i@
(Beyond 5G / 6G)~DRIENAA K T 0, 3D-MID (25
WT b & RIS T D R ARFFE R - IKFHE RO
BHEA B~ & L EARIBR 2 R S 5 72 OISR
I & B2 8 o BB 2SR D B D,

AWFFE T R LB UL A L—HFIZ X 55
RELEICB T 2HAT B IO — A ERHE R &
DIMLRT A —Z QR z e L, SKW-L2 LTiEO/K
JEZR L S ORI O ATREME 2 A L7z,

B2 AT A

2. % B

EBRIZIT, K 2 1279 PPS BIROBAM (%4 2 mm, K
LI IAF 7R L FEE 7L — R PPS-2000)% AV iz,
PPS MR I B « ~HEZ ENE - T3S M AL, BB
B HLE5HC 3D-MID (LD =—Z 3 E 0, PPS g3k E T
PEVEA, MK, =& ) — /L CRARUER AT o7 1% .+t

\
,AT\ I‘I
L gl
N/
\ N7 /
/n

X 2 PPS #AED 5 THEE () LBt O BB (R)



EFRIETE 7 — Tl

B TODEHLT,

SKW-L2 TiEDIIROBE L A L—H121%, Light
Conversion #: PHAROS-4W Z#fH L7z, ZOL—+
&, R 4 W, LR 1,080 nm @ Yb:KGW L—
P THD M FIELIZL—FHETF v — 77OV RBET 5
X, PEAEBEIES T LA A 2 1~200 kHz, /XL AL
fiige T/ UL AR A 260 fs~10 ps OHFIFACTHHIE X 5, A
BT v T F—HI LB RT—HELEM T 4 L H—IC X
D B — NHEETE AT o T AP 6 L CE IRl (SH,
A=515 nm)EHRAEIE, HEXY 27— 2 V2L
VAT LNEHEE L THIIRORASE EREIT o7,

—WFIZ L REWE SN BHEL, £ 1 IR LR
THEEME Cu D> ZITV, AT > & DA[HIZ DN THE
i %47 > 7=,

F1 BEMCuboxTHE

TILH Y EilE 24
avTavaz=vy 259
fibig £+ 5 24
TEMEE 159
#|EAR Cu &> =(#1H]) 1553
|ERE CuH-E(EM) 7 (%93 pum)
3. EEiER
31 SHAMISRTLOHEE

Frax Lz SH BTV AT A0 NKH EFEAR 312
TR, AW THW B, UL A L —FE, B S
VA L — RN TR & U TR ERBR A IR LTV S
7o, T OMRBICHE A 5 2 72\ X9 ISR Flo o
Vo7 —%E L THEROAR SH XML AT A
R TE DML LTz, B A M2 R A @ L TR

Variable Attenuator

% 25 5 (2022)

ek e & % 72 %% BBO #&f: (Eksma Optics, BBO-655H)
ZRAWT SH A A ST, AR 4 W OAHITR L
TH4E L7 SH EBREE 1349 860 mW, ZE #5134 21.5 %
Tholz, BUROEARKE DO —LF13HK 2.6 mm THY |
E—LAZ S BINEREICaY A= L THhLEELH
FAUTZIRIZM B2 23 e E o2 M RIC LD =
VA—ZERETE R0l FELE SHRIIX A 71
Ay IT—% Mo THEARKESHEL. £=100 mm OF
L X O CRBR I A~RE9 5, #UBERE T SH
ARy MRIZH 85 ym THHo 7=,

REMIE X, A A T — (v 7~ Yk, SGSP20-85
B LW SGSP40-5ZF) % /XY a3 L O PLC & AW CHl
BEATH LN TE D, MEBEIREIT XY +42.5mm, Z
+2.5 mm, REMEEIHEEITRA 20 mm/s TH D, 72,
AEHI R AER CTREIET D,

3.2 SH %MLV SKW-L2 TR EHE

# 21T SH MHSRIED LB 0 BE ST —% 7K
e EBHE A 6 KEDOEMF TR - CTREIO R FE %17
o7, MR LA 13 100 kHz ([CEE, SH D UL
IR DWW CIEARRE Th 2 23, FARR IZxF LT PHAROS-

# 2 SH Y H A

KE 515 nm
L—+/87— | 10, 20, 30, 40, 60, 80, 100 mW
EEERE 0.2,1,2,5,10, 20 mm/s

#RiR L AR 100 kHz
AV 260 fs (REKRKTOIE)
BHEYF 20 um

.l
T fs LASER
Galvano w { Dichroic
Scanner g ¥~ +  Miror
® I
@ 2= i BBO
@® @ '
o = i Crystal
-8 Lens 3 ;
- L Ity Sot Wave —f&> Lens
(1=101.3mm) b . Plate :
2 ¢ Flip Mirror (f=100mm}) :
=} H '
Sample ] H pAN m— Sample
X-Ystage @ Tremmmmmeeegeces X-Y stage
FaREp s

3 L7 SH NI Y AT AONKRKGE) E EEGE)



B L A L — I K DRI L &BIRD > & & OBl S 7 — = T HAR OB JE

4 SHOGMHHC K2 RimE 217 - ok R

AW OFRFEETH D 260 fs ITRE LT, L —WFRELE
% L, X HEEEEIC 3 mm O F A i % Y J1E
(220 pm By F THEE LT 3 mm X3 mm O A K
WHE L7z, SH T PPS BHRICREUE 21T oo f %
4R R ST — LA O &Sk LTI L
RFTWNESIZ~ M v 7 2ARICEEHGE 1T 72, o
EEDOHETIZAMN DI TRBRE O 1 82572012
BHINZZRXVF—0ESHMNT 5, 10 mW - 20 ~ 2
mm/s OFEE CIEFREIREICE QMR E L TWRNVDITH
LT, 80 mW * 1~ 0.5 mm/s OREIE CIIN T.E DOV
M LEFHIA~DEEDIRR Y B HITz, 40 mW - 20
~ 5 mm/s CHEFICHP SN TWD L Hi2, ILEEORE
FOMOBZMLENDHENHALNDER, ZHIZHBIAT
— VRO NEGHE TR L 0 SH SRS R 23N
THILIZEDHLDOTHD,

5 FHUWEKRICEEM Cu o X BTk R

51 SH L TREHE 41T - 7o BHI B Cud -
EEATOTRERZRT, B/ ST —30 mW LI 0S5
HCITEEEEICHDL L TR O o B TH L TN,
—%. 40 mW LA L CIIERRE 2 mm/s L FOEMETD
SEPHH LN Z LR Sz, RINBE MO,
60 mW L | + 10 mm/s LA DR8I T o & ORI H %
DR TE D08, A ERHEE DN O 2 RAF R BRIC R 2
%, FVFHELL ZOEICOWTHET 27201, FREL
%R LU > EROBIEREIC OV T b — FEMEEIC
L VBRI REN 6 1T, RAHED PPS BRI
(X Ra0.25 pm T, EAE pm FEORPEHIZZZN T
%, 30mW + 2 mm/s DFMFOLE . FEROIN TIE TR
TEDL0HIIHEL<, Ra0.64um THo/=, LrL, Z0
A OUCEERTIIBAKMER 7] LT Do I L2,
60 mW - 20 mm/s 33 £ U8 80 mW - 20 mm/s DL TiE

el 30 mW 60 mW 80 mW 80 mW (%) FARKK
2 mm/s 20 mm/s 20 mm/s 1 mm/s TOR# S
#
[ii]
[i'¢
Ra 0.25 pm Ra 0.64 pm Ra 1.36 pm Ra 1.38 ym Ra 14.68 ym Ra 3.4 pm
o)
> X X X
51w (#k) (k)

6 SHOGHIHC K5 RMLEE L L O -> T HROKEIRE L H S

13



EFRIETE 7 — Tl

Ra 1.3 ~ 1.4 pm & L INTIEASBIREIZ 72 0 BKMES M) E
L., BEMD > XML BIFCH D, BA/ SV —80
mW DM TIHARIC D o E RITHIEFT iR TE D03,
60 mW DZMFTITR S E R S U7 iR OBRIC
Ho T—RRIZD > BT L TV AT B S, sk
Kfa b < ) — 7o EMD > X N{T2THDH, 80mW - 1
mm/s O TIE, Ra 14 ym UL EOEERH S BAH Y, F
7= SH YERREHBITEIR 278 LTV, ZhiE SH YO EF
FREHC L 0 R OB AT ER A R T2 Z L AR S 4
Do OO T H R EEFTIIHAMEEZ R L T0D 2
LB, Do XTI LTV W, il L THEARQ =
1,030 nm)IZ & B RS CRE S & 1T - 72 PPS KR
DRMEIREEZ R LI20, AR DOLEITIE, Ty A%k
¥ L0 LU XE MW TEBICHIETT 2 Z LB ARETH
0| ISR OSSN T — 500 mW, EAHE 100 mm/s
DL EREMEIE Ra 3.4 pm TH o7z, AR ORISR
k& SH Y B R A Lol 2 & | R B o ikl
SEEBESED2DRP DD ERHLNE ST, 2T
PPS 5 D ARsM i & AT C OO F L OB R
DEEBLI-LOLEEZILND,

WIZ, BIRFAICE T D SH KOS M(60 mW - 20
mm/s) T > X DEHFIREICOWTEMMEIT- 72, LikD
IEFESR Cu > X HITHMBHIRIC L 2 EX D - & (HE 25
nm)Z 1TV, 90°HIBERERER A 1T > 72, 18 10 mm D /3%
— U ETERL LT SRR o ZFEL & | 90°H BiE R BB
DHEEZK TIZRT, Do & ORBEREILIERIZTH< 0.4
Niem TH Y, S 5ITH > X HEEHEITIZERD > & DERIC
WDORBED D NIy F U7 SNTEBAR O, 60
mW - 20 mm/s ® SH YCSE SAFHBUKED M L2k b o
SENHITT Db DD BIERE~® - & 2B & IRE IR
HIEDLTDOFRESCWBERT o — AR A LT
RN EDRTRBEIND,

T R o X HR(E), 90°RIBEIR L AR % Cf)

14
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4. F&O

it AR 3 S MRS i < A< B B8 C 3D-MID {kod
=—XNE PPS BHRIZRIL T, BBV A L —FDE
WEFHEIC &5 SKW-L2 TIEIC 1T 2 8HE — 8 - & St
S DR FTREMEIC DWW T 21T o 7, HEfHEEE & L
TUBEL VA L — AN TR & L COMREICHE L b
AT K D ITHRUT SH I AET A 2 BT, ABI AT
—VHIE TR ZETE D SH LV AT LA EHE LT,
HASF ST — LA E A B OSSR TIR > TREUE O
Bl Gk DM 24TV /R T —60 ~ 80 mW, EAH
20 mm/s F2E O RSSO RFICHIAER M < Ra 1.3 ~
1.4 pm CTEEM Cu o X Tk L TR HESE
BT D2 EMTE T, THIC KV IEROEARRIZ L DR
MRERMFE YV bR S AP S EDL &N TER, L
U, REGE I ~HTH L7z o & 5% 9003 Bda &5k
BRT 0.4 Nem BETHY . BIRKE &+ /2B ERE L
BALTWRWZ ERH LN oz, 5%, REER
Fr~O R AL FRUERTFIE & OO b IRFT L T - &%
FEIRE AN ESEHRBEITV, EiE 3D-MID DB
FREMWGE L T FETH D,

Bl

AWFFEIE LS I R R K B AR 2019 45 — A 2E B 5%
BhA%(AF-2019206-B2) %%\ TiThbh=b DT, T ZIC
BHoOEERLET,

S &3k

(1] HJigot, A S, JIRH, TMID G A R
i), =z hi—, (1997).

BB, A ER—R, HEEL, 77 2F v 72
65(4), (2014) 67-170.

HAEMTE, HAMID Has 14 EESES (2016).
HEMSE, A Li—RE, S, §5E, % 84 ML
— PN L2 SCE, (2016) 216.

H RS, & LR —BS, 1AM, 0GR, S
K, # 32 Blm L7 fho=r AFREFAFEFHHRES
AR U (2017).
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o T AN BT R BT

FATERAR L GH A R E LT, BELOVER TIEICESHN TIEERET H 2
ExEEMCT VXV RENROSAREEICERY AT, BIETIEI AT AN ¥
JNZNT A —H EHAERIE L CHEAZIRMER X AR e /4 ElE RV, F
ML TIINEEREIE 2 EB L, (R TETIE., B SR %5 2 0 T &
Wy T T — N CREFT 2720, =T 4 7 T4 THEI LT EHFEE T
WCHEE 2N U7z, EIICERTEZ 3D Y & HREYENT B
THE LS R, %o, WHDIN T X0 niifre v DoV R

B ER S LD Z &R inoilz,

F—O—F: FTOHLIR, FAHKKE. BR. Ao/ 1, E. &2

Product of Nanbu Ironware Teapot with Digit Shibo

WAGO Takeshi, OBONAI Tomo, OIKAWA Haruki

Key words : Digit shibo, Nanbu ironware, Teapot, Voronoi, Teapod lid, Master die

1 [XLE&HIC

WEA . FIERERORLEHII B T, R ES
7' L— NYEE O N R OSSR 72> Tk
V. BRSBTS LTS, F2, b hD
AT YO K E S/ MEZE N SR N5,
FEUEDOTNLCOIES 725 FIREMDS & < VRN LR E N
TWNb, ZO_OORERIZH LTT VXLV RIZED
JFRIWETIL, 23 a L TURBHEAZ O 3D 5N
ERRC&E D720, RTHA Ly 7 b (TRSE) DIFEH,
\Z R DT NI G CEX D, EloT DX NVERE
DA L—y GEEEA) RAFACEY . FROT—h A
7k (BE(L) MRlRE& 725, FRC, T VXN ARTHE
ek A BUE LI A ATEBIN LS 7= DN 2 &b,
Fox 1l FEEOFEFURRIC L 57 VX VLR of MRS
ZEAMICLT, TUXLURISAZECER D A T
7= 0,

Z ZCIERE SRR R AE A R LT, EIE R OMERL
TR FEA RS T 5, BIECIIARR /1 E L
RIS T o & AELE LT RER & TEE SO
DR OIS BRI BIE 2R AT, ERITIET
IFHENHENEHEDE L RRIZL T, T VHALVARKEN
=V U IMTEFA L-ZE~ v T 7 L— R OER]
FEERE LT,

2 ERERE
2-1 Ra/ 458

BIEREOHMX, 4 F ComMEEReE TR S
WeWEIEZHRHA L ek s a2 Mo s &L,
ZOFEBOFEE LT, FIMLTIINE /T XA —F D
BAEAHIE L7e2s b, BHERIPIRAERICE 23T A |
Uo7 TFHA w0 ATz, ZZTiEEL o/RT A b
U7 THA L OfRnbRe ) A 55EY 28R LT, K
LiZRe J A 5B ORISR 27+, Aa /A (Voronoi)
1P B2V OO EARE ST D & & 2O
HND fi % EORICR BTV L > THEILTTE D
KThb., FonElERa A58 0D, BEINZ
ROZ &R (EHhoRH) LD, ZOMTORER
BIE5 THY ., Am AL S DI T D, —
A7 T ) A SYEICITRES SR & R e A i 5
T5, Au ) AHEROFHORER T/ AR, Ra s
ABERORZFEEFRT ) A JEMES, SHZiEie /A X
i ZOoORROEE T ESR AT & EEROEE g
SIRRDAE TR EI L TR L2 b D Th D, Ar
A KIOAERLTIE 3DCAD (U= : Rhinoceros, A —77 :Robert
McNeel & Associates) & Rhinoceros (Z5# ST 5
a7 na T 37—/ (Grasshopper) Z{#H
L7z, M2icevaTrnrars v ry—uaEfL
AR PRIORRGHERE A~ T, 2~ R CTHROIA
LT L, o~y RO THEZAIT52 L
THBEWIZAR " /A 5EID TS,

2-2 RA~DEERE
Aa ) A BEOHRF TR TRa /) A FEmok

¥ BREENDTHLOSL Y A ) _— g Uk
ok RIEH 7 0 b AT
work A7 IR RS T
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s TR TR o 2 — e

BEDIE SN D, 2 TEEORSEEZRA L, BEfFO
AR L Bl U CEREN D N2 b oRe A B
L LRI CE DIV FHIZ RO Z L 72 E B RS T
50 ;& Uiz, & zido v ARiRiar e 2 A EIL
TZHOFEHZD TR ZINZ T2, FTAE ERA~DWD

P REHEOFEETIET 3 IR MRS, £ fth

IEE&RE & Lz, KA IO IRT%Z, X525
BRUFERZ AR 3D BF VA RT, ke /A
SEIL T B 7 I DT AIE IG5 2 & T, Atk
B DS E ) A OEREISIZ SHERMESm -
LTz, T VXN AREIRE A2 e < B Bdimc b
—TEDRS TUREMINT D ENTED20, —fi
TRIEHATER D A DA IR AR Z AR O TR
Wb TE D, SRIOBHEDEE THMESETLT D
N2 R A AN 5 2 E R TE T,

nN=Re: Y

E1 Ho/1449E

VIY—-IE

2 EPar7iFnygss
AL -FE L REERREE
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3 WIHEHROFAREHRE

4 WYHLTITETER
(& : WL, £ : pTAHEY)

5 RO®IEKDIDEFIL
(& : L&, &: T8

3 ESHROBUE

BEROT VA VR ERIR LT-2a7 Y ofEL, K
6 OfAE 3D 7'V 207 (LR, Tik1 &5dd) TfTo
TRENTRENRLL . EHIAMNET LIS TE 2o
Too ZHUSH L CYUEDINT A CUF, T2 &5t
%, NEECHIS TE B0 EE H R M e
NV, AEFENEZR LZ, T35 1 1EEO STL BT
FAAEFIF LT, 85 3D 7'V o &% CHIlRFRE L
ZERIL, ZREIKICERT VI =y 28488~y F7
L— haERS 55k Th D, TiE2137a vy 7 ko7
N =T LM SYEINT CHI D LT, BEES L
— MZEY A T v F 7 L— bR AR 2 75T
HD, “ODOTIEEREET D202, mTETRr /A
BIEOHZER L TR 2 LT,

THE 2 IC K B @MBYEL DI TITR~ %, K T7I2E LT
BNON—F 4 T T T, v v FTL— R TEF
NETDH—T 4 T TA ATERONE L LT, 3



T UK VTR O RSk AR L AUE ~

T A T TA ALED B LZFEFM THOALE D DR
3TV MJEE G & 72 HAE T D, 2R & ZHEANT
I, TRREEHRZEM U, SRR ORM & %2 7
— MZEET 2856, EINENZDHFEEMIZHNATE
YD Z EMTER, ZDO~ v F 7 L— MIEET
AHEE. EE 10 m D7 L— R 2 BRI L THA
TeEEHEEER LT, X8 D L F0ZHFM & RO
AT BHIEDT=DITK) ¢ 90 mm D FEIEERZ A0
217 K9 247 L— M K DA E E 2R T,
ZOXNTT v— M A U LTI TH 0 23R
FOEMOMESIEEZFRH LT, 7 L— b D%
IEERZETERK LT, AR TTEDBRIZ LY FJhOHia
UINEARE L 72 | P KA 3 B i S EE
TE 5720, 7 b— b EHFRINEGITHD S ThrE
DA T F U AT ZEINTE D,

[Titr gDy 2% | [ ik amim A
= -

[ Fosreaciner mAENE |
<L
(WAL ORI T

FEWET (B R E -
i

J

(A)ZFI L TCAMTNC

- = PACT N (50
2| |BzERLLceR ~
L —hO BB - - - B =
- g

TR EPHAL TR T
L — &« ELH

GIIN T e
Rt

6 ZJEEDTIE

1 ELETHED/I N —T125514Y

®8 AREEARDIEM
(k. =RA. B : XA

9 28 TL— Mk BikAAAHEE
(& : £F8RA. B : TAER

O & EHEAMOGIHIINIIC X 5 1ER

K10 IZENMTTOYI 2 b— g R, H11IceE
AL SR, X 12 1IN THROFEZ R, #2702
Ta ey IS = 7T o, B
A BRI EENRME L 225, T TX 11 OLB
D FIfEDIEHEBII M DHFA T % 607 43EIT 6 2 AL E L.
T R AR UCREE Lz, DF 0, HFRAZ OS]
DO TENIEEL L= [f@ o135 23, ~ v F 7 L— b~
iE LN CRED NG EA~DEEOR ST THH I, 22
TOFEHOT NI T vy 7 6OHIY H LN ATEE
Lipolz, BT NVOEEREEILY S—RZ CAD (B

Geomagic DesignX. A—74 :3D Systems). CAM X STL xf
B 3 CAM (IR, : CraftMill, A—% @ &G AT A

) M Uiz, INTHRIT, T8RN, QAR O

EOHHIN T 2 RITITAZ 3 flM/C (I : VS3A, A
—W IR TEE) AR LT, SUEARKEOED Y
PRI TG, 8t ONMEGENZH S5 7203
PR IVEFIEMT 2 2 ik M/C (R : HSCB51inear,
A—377 : DMG/MORIT) M L7z,

10 YHI=alL—2ay
(£ :fmT &8, 6 LEFhT EED)

B e (L) cmER (F)

E12 IR E: R 6: 8

KUHEHLETREA R, fEHLz= RIWEE
FMT 6 A, FHEMTE AR, Hf BT ITERMT 62
m AR—/L RIL, HEMAIT ¢3 mmAR—/Lm R
e Ui, R 2ICEFONMT R ZR7T, 2= A
AR SA TR D N T 2T o 728, AR SA T BT
INTAEAT> T ABERZHI D H U7e, 5N 2 koohn



s TR TR o 2 — e

®1 BRETEALEIVESL
o
No.| o | e | o | K DR
mm) | (mm)
T1 [FEM12 [DLC 3 40 18
T2 [FEM10 [DLC 3 35 15
T3 |FEM6 DLC 3 35 9
T4 |BEM6 DLC 2 40 12
T5 |BEM3 DLC 2 45 3
T6 [BEM2 DLC 2 45 2
FEM: Flat endmill, BEM: Ball endmill
®2 BREOMIFH
F 1 2 3 4 5 6
T2 B /NN b0 /B o o o X A o U S A W A 9
i AR | |SER |SER EER EAER
Hilr3A 7 (mm) 9.6 5 2.5 0.6] 0.075] 0.037
PEY)A Z(mm) 2.4 2 1.2 1.2 - -
[El#E$ (min 1) 6400] 7680 12800] 12800 8270| 9880
BIH4 % (m/min) 241 241 241 241 78 62
320 34 (mm/min) 1816 1720|1520 2240| 1984 1581
— #3%0 (mm/tooth) 0.09] 0.074] 0.04] 0.087[ 0.12] 0.08
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d - - 1.720 - - bicikrr | -
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ya(i)=Ls-sinbxy - (7)
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