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Study on feature recognition method
contributing to CAPP system

for multi-tasking machine tools
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1.1 TR - T¥HER

AR, A B a— X OLBEE ORI 2 EICE, kxR Tarta—2%
PR LB aaiic g &, FEL C&. Mok Ty, MnoRREHet, 4%
EE, AE - MEEHER Y, ZoRARHIZZEIC Do TN D, B2 IS Lo
fn D6, BIFEELEH TiX 3 kot CAD (Computer Aided Design) ¥ 7 7 = 7 RHW S,
YUy RETFTATERERBETL2ZLICLY, HBHEBEREZAESICET Y V7 TEDH LD
272> T 5D, F7o, APEFKFHTIX CAM (Computer Aided Manufacturing) ¥ 7 b7 =7
ZHAWT, CAD Y7 h U =7 TEZRINIZETVORRT — & H & 5l 48 THER <
MTA % 7212432 NC (Numerical Control) 7 — & OARNEFEL 272> T5H D,
CAD [ 1959 FIZ~ Y Fa—t vy Y THRRE (MIT) THENIMEY, GM < IBM,
2y F— R L% 1960 FERITHIT THRENSED b TE /2. £D1%, CSG (Constructive
Solid Geometry) <° B-Reps (Boundary Representation) & VY- 72 3 YRITE T /LD FHE AT
MBI, 3L CAD V7 by =7 BWEMEEN, RTIA RN w7 BTV ITRT7 4
—F v ET VU THERORIIZE ST, 3 WLET VOERBES T T2 2. —7,
CAM YV 7 b U = T KEZEEOHGE T NC £ OB 3B S 4, 1949 412 MIT O
NTT7 T4 2R NCIlaSnz. BRIZBWTY, 77Ty 7B NCHLy b NUF
TV RAERHL, BT T7A4 A2 EH NC 7 74 ZABOBFENEED iz 2.

—HT, AERRIIZ D BAEFESLHER L, EFEBIS TIT LV SRR AR Y R
FARKRD N TWD. BT & O T THEZ NC TIEMIE, & - sk
ZINZ, ZERZRBEBIN T =— XIZRHET 2 720 il - AL - ZHRELD S, §F
(CTRERN L @RERM IS N5 %8 - BEMTEOBEAREAL TWD 9. Ll
HIEE CAER ML, BB - Bl 2 IS5 2 L3 T & D TIEMMA £ L, BUETIE
SHf O~ = o FICRESND LI, X, Y, ZHEOEME 3 #ICNZ, FHE
il E PV OREEEE A, B, CH#ino 55 1 DU EZFIH L TTEESA TEMIH LT
EEONE - BRCHIECTX 2 0%ET. /o, EEMITHITEEIMTE 7 Z 14 200
TOR DM TOKEL | B, FEEIEEORER S 7 Z A 20T H O 363
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RN 2 i 2 5 2 & T S EhHlEn L2172 2 TE#gMThH 2. oo - H45N1E
B IZHEHET IR OB T2\ T, 1 [BIOBEEY THUY (HT LA O A7 [ H BN T3
52 ENTE, TIEMOIRY T4 LICHE S B (HFREEA S T2 LR TE 5. E 7,
BEMIARITIEAIN T L 7 T A4 ZIMLTOWREEZ AT D720, HEHEOERRL 2 >0NL
R ML ETIT D 2 LT, TRENIC I D TIEEBOBEHIE - 42 ~—21k
MEBTESY. K11 L1258~y =07 7 EEAEMTHEO—FZ7RT.

Fig. 1.1 5-axis machining tool®

Fig. 1.2 Multi-tasking machine tool®
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1.2 CAM Y7 by =7 L TEBRHZBEVXT A

20l - AN TAIIEE 2 BN TO=— X825 Z ENRTELD, b NC
TR T Z AW T T NC 7077 AEERTIHERHD. NC Fu s T A
INTAEEZE N FECTIERT 2 2 & b ARETIEH D, 2k - EAL S 7z TIERBSC
BHERGR AN T4 572D NC 71 75 L& FETHERT S 2 LIZR#EETH 5. BUIK,
NC 7'u 77 LOAEBIZIZCAM VY 7 by =7 OFANTIFIENHA L oo TV D KHE #IZ
CAM Y7 b7 =7 Z MWW= NC 72/ J MMERORENZRT. CAD Y7 b7 =7 TE
L7 IERZ CAM V7 U =T ICAN T2 L TNC P27 azM+5. H
AENTENCT 1 7T 5 Ze NC TAREIIC A 1925 2 & TIL2MThoh % . 4 TiX CAD
Y7 U =T CAM Y7 MU =T EMHEL, BRGNS NC 7 r s T AOERE T
EHRAELTITOBE VAT D, LnL, CAM Y 7 by =T 2#HWTNC 7077 L%
AT H72DIZ1E CAM Y 7 b U = 7 BNEERT DI RO AR & AT L KRR & 97 7)
AELTEBY, EFEY — F2A LOPTMLERFRHOFENRKE L 2>TWVD. CAM
Y7 MU =T ~DANERE BT D TRRENTIE, Bl E0 CAD £E7 /10
FoRT — 2 DB INLEFT AR L, MLHESRIEFZRE L TWD2, b OEEIC
DNTH CAM Y7 by =T ) Z EBRHEBNTHS. LrLans, filsSh T
% CAM Y7 ho =T 0% AIREER LR LT, (EEF TN TEFT ORI T H ik -
NEFFDOWE & ZRTE D, AFERITEVEEE L R AEHEZ RN TN 200 BIRTH 5.
D, EEY— FZA MBI DM TOMERIC 5D 5EMOEEZ B L, kT
EREE DT> T TRBHEZRET S, arta— 428 L0 TE#H B 2T
2y (CAPP: Computer Aided Process Planning) DBAZEARD LTV 5D

CAD BT AN TEHT 28R L, MTNEFCI T, TR EEZHRET S0
TREZRFHEZITILERSH Y, AEFE) — FY A 2OHR TN LEMIFM OB ENRKEL 2o
TW5.

Sl

CAD model NC data

Fig. 1.3 Process of generation of NC data

-3 -



1::!:;

*
R
i

%

1.3 BEEY D1ERMSE

EEDSDI VIZBWT, LREFSEYV AT LAOMBITERERRETHY, tkx
IRBFFEDT O TWD . IR 2 5 272, TREREISHE TV AT LD T
X CAD BT LRk L7zBRICKR L, INTEHC TR, INTHE - \F2 E 0T
TRICEHT 2FRAHBIBICIRET L2 ENROLND 9. T2 TROEELRDDNR,
L7 4 —F % LRI DI T TR Z R T 2RO TH Y 7, ZhE Tlokkx
RIMLT 4 —F % & ZORMFPIENREINTE N, TOIFE AL ETITEERREZ X
RIZLTNMTL7 4 —F ¥ 2R LTS, LLAND, TS k> TRV RN DR
EHEBUIREMTERIC L > TRZR D720, ARITEFEBR TRREFERRNOIMLY 1 —
FridiksnsrXxThH5.

i OOTRH B I X0 BREFEIED DB ANE — o DINT7 4 —F v 28k 2 FiEN iR
RN, BHLRLFEHBILZOMLY 4 —F ¥ i FEIC DWW o TG g v
AT LEFFE LT DD Z O AT NTIEEMIBIK & BEEIR O 275 ik 2 bR L ik &
L CHittg, MREMEmAET D XY, YZ, ZX Vil AT 220 CREERZ 58 L4 5
Z T, MUNNTHEEARST S, 0k, M0 T XEL, Y T BT D800
ML Z A GOED & TMLT Y I 7 4 72 BG325. BUNNLiERkoMEEIC
Lo ThRA NI = DINLT7 4 —F ¥ BRSNS, LoL, ZOFETITIMLY 4
—F ¥ OB N =B RERY, AT REINMLT 4 —F ¥ OREPRHETH D &
Wo RS D, Z T OMBEICKL, (LH S IEFR B E NI TR~ &
LT OlAEDLEDL2OOTEEZ1DICELDLTET, ZHEILRNRLINLY 4 —F

T A FEERELTWD Y. LLEOWIZE TN TRE 2 X @i & Y dili
THAGOETNWZDIIR L, FADIZZ FHAOMEEEZZELTZINLY 4 —F ¥ O
LA RELTNWD ),

—77, Sakurai b1, FREFEMZILAT LML AT LML 4 —F ¥ RAIEOMES &
LCRATHFELEE L9, F£72, Woo B Sakurai B3R LI FELZTD A
NETRZFXEVATLAERELTCND B, Z0OY 27 A TiE Graph machining
approach (GRP), Maximal volume decomposition (MVD), Negative feature decomposition
(NFD) @ 3 2O TRRIZ LV BREFIERNOML Y 4 —F v Z§8i#%3 5. GRP TiX, o
L7 4 —F % LEBRAFT LWL 4 —F v 2R3 2. MVD TiE, AWk
BT HHEEFFOMTL T  —F v 8%k 3 5. NFD Tix, AHEBEZROINTY 4 —F
Y EENENSEIL, REWZRINLT 4 —F v 2383 5. F£72, Kailash HIXFREFL
ERTIR OB T A OMEEND ML 7 4 —F ¥ 28T 5 VAT LA ZRBEL T
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%19 Kim 5X° Wang HIERX&EH O Lok L, MEXENZNAT 2 MZHEEE L
T, MZEEBICOFTLHZETNL Y 4 —TF ¥ 2T D AT A EREL TN D 202D,
ZDOVAT KhEFEIERSE, Miao HIZFEMTEI & BMBR AT SHE, KONkt
DEIZESTIMLT 4 —F ¥ Z2RET 5 FIEEZREEL 2, Dong O IIFREMEMZ M T v

THETDHTFEEZREL TS P, F72, Nagaraj H1Id 60 COBEFTHECMFER L
E7VIT 47 LTCHEL, EMBREALDETEERRICHMLTNTY 4 —F %
T D FIELRELTVD M. MIZd, WHHOIISEENEENZ R D Z & 2T 72
MOREFEEZ DEI L TINLY 4 —F ¥ 2R T 2 FIEZRELTND 0, ZD L9
12, TNETHAZRINLT 4 —F ¥ L 2N 0 ZRkT 2 TREEH E VAT APRES
NEERDN, WIFnb 774 ZMLExg e LT, EHIINT S vTRe2 @60 T
HEI TR,

—J5, EHINT. & 7 74 2N T.omEEZ AT 58N T#EEdRE LML ¢ —

YR FEL LT, HHOIZAEBREZEKAT 2mELOBERNSMLT  —F v &
PR D TRERRGI IRV AT 227 L D, Zhu BIZEEERIKROME &L D273 %7
T 7ARICEH L7- AAG (Attributed Adjacency Graph) & S(EHRNSMLT T 4 —F ¥ %
TR T DFEZREL TVD 0, THULITAERIRZREIZINT Y 4 —F ¥ 5k S
TW5. ZHUTK LT, Dwijayanti &<CVF M HIXREBEE ST Y ¢ —F v 230k T
DPIEEIREL T D 3008 BREFEEE XY, YZ, ZX Vs L OREEENET 5
[ CTHD TN 2EIT D52 ETMLY 4 —F v 20 L, EHROMEE I LITEERED
A2 AW C TR OEL 23T 570, MTTREORECH R RHEEZET D L
BEzbib.

KrIC B 2 JeATAFGE & LT, M HIE CAD ETERSNIZHMR L BERIRZ
ADEHRE L, NSz BERREZMERT 2m»A DML TE 2R ERBLIZIX 1.4
(ORTIMLT ¢ —F v 238k T 2 @A N LR O TREREISHE Y AT L 2B% Lz V.
L2L, ZZTREMSINDIIMLT 4 —F ¥ TRO LS RBERH L. 1 DEITILY «
—F XX LT HFER—BICRESN TS Z ETh 5. il 2I1X[FX D Turning step
THER N THICER SN TWDIML T 4 —F ¥ 28, EEMTEEZ WM TEr 7
A AL HEIRTE B, [AAEIC Inner turning face b FEHIINI L7201 T2 < RU LV E W=
ROETMLTHBRIRAIETHD. ZOREEEZXD L, MLT7 4 —F ¥ ITxt L TINTLHE
EoBICRET 203 ELL 20N EBZOND.
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Turning face Turning step Turning slot

Side turning face

Inner turning step

Inner turning slot
(a) Machining features for turning

Side turning slot

Step

Open pocket
Closed slot

Closed pocket

A

&

Open slot

Blind hole

(a) Machining features for milling

Fig. 1.4 Proposed machining features"

2 OHIFIML 7 4 —F v N EEBRORZESHTHEBEINL WA ETHD. Lk

L72d& 918, W 15 1R T X9 ICREFEBITAIFIRZZ T TRIFBMBRIZ L - TL L

T5. BREEBIINTHEZRET S ETHELRERLEX SN, NLY 4 —F vIidkx
BN DOLEESINLINETHLHLEEZADND.

-

£, 3OHOMEE LT, HIERIRIC

X LTIMTLT 4 —=F %3 1 ~F—2 Lovididk
SNV LERFTFOND. MIITEREREE P RAT 2 THEHL TR AFE T 572
D, MLFEFEZRET DEOICHERINLY 4 —F ¥ 1%, HEON 22— T
HWLEND D .

Pk S A

Workpiece shape
P 4
Target shape

Removal volume

Fig. 1.5 Difference of removal volume
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INLOREEREZ, EHOIIRO XD REFSERT DX 1.6 (T H2NT >
S —F ¥ ERE LT3,

A) B 2 A >
C) DI TNE R o

D) NIk % —

LRBT 5.
B) L7 4 —=F v 2 BIER TIIRL EHAEOEREZRY AN TR#ET 5.

REEMLT 4 —F v DRk Z B IRAT 5

IZED RN,

Flo, MM DITHTZRINT 7 4 —F ¥ (SIS LIZ GBI R TREE 21T 9 7201, LT
PG SE AT A TR SN T TRRZISH L, MITREHRCIN TR, WHEE
D TFEZFHT 5 72 O DFEEE & Mg L7z 2.

(A) Through hole (B) Face C ©) Blind hole
Generated surface: 1 Generated surface: 1 Generated surface: 2
(Curved surface: 1) (Curved surface: 0) ' (Curved surface: 1)

(D) Split face C @) Boss C
Generated surface: 2 ' Generated surface: 1
(Curved surface: 0) ' (Hole: 1)

(E) Through pocket (3] Face P (G) Closed pocket
Generated surface: 4 Generated surface: 1 Generated surface: 5
Number of opposite Number of opposite v Number of opposite
pairs: 2 pairs: 0 pairs: 2

(H) Split face P m Open pocket ) Open slot

. Generated surface: 2 Generated surface: 3 » Generated surface: 3
Number of opposite < Number of opposite ~/ Number of opposite
pairs: 1 pairs: 0 pairs: 1

(K) Step (L) Closed slot (b) Boss P

a

Generated surface: 2

Number of opposite
pairs: 0

Generated surface: 4

Number of opposite
pairs: 1

Generated surface: 1
(Hole: 1)

Fig. 1.6 Proposed new machining features®®
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1.4 FHZEOBR)

NC TAEEM DO Z (b - HE(LITHEY, Seibo@) CAM Y 7 b U =7 Z W2 NC 7
27T AOERITIFIENATHS. L, ZOBEEZENTZOICIE CAM Y7 Ry
=7 OEEALROONTEY, BARTIER T ESPHEO T EIFHEE LT TR
SFOBEERFT HN TS . BURO CAM ¥V 7 b U = 7 3% aE M & B L C TR
EVEER OFHBESCRBICESF L TWD A, LY 4 —F ¥ Zi8# L TN+ 5K &M
TIRZHK OO L2 E TIEREFTOEIICTHFETE D, TOTOARMIETIE, Hx
72 TR L2 CAM 3 2T A~D A S 2 i+ 2 TR %Y 2 7 L OB %
ZHAIE LTS,

FITEBRBICRVBEINIZNL Y 4 —F v 25512, ASNEMBRE BEE
e CAD E7 A6 BEIZINLY 4 —F ¥ 2@k TV A7 L8+ 5. L
SOMLT 4 —F ¥ IZHHEE EAHROHEMPR THD Z L &FifzL LTEY, ERANZR
BRI 22 BTG LTy, 22T, 2P 3fHEo~y =78 r 4
ERELTNLTY X7 4 7 LMESEAR OB A B{EICT 2 2 & TEMER IR 50
L7 4 —F ¥ 2RI HFELMLL, #EISHHE S - @AM THE~EIBET 5. %
D%, SREREOIM TS T 572012, 52 gl Tz AV itEg 20, s
ALy hERWEZRIFENMT2ZE L TNTY 4 —F ¥ 2R+ 5. S6ig, TEDOI K
LK OENMEZSEIZ, 3 WouT — XI5 SN ERESR LN L7 1 —F %

AR T AT, REHEOBRNE TREFH~EXMEEL 2 L2 BIET.

1.5 AR DO

o 1 E [REGR] TIE, LER - Lyts, LTEREIEC AT A, AR B Y,
K L ORERAIZ DN TR D .

o F2E THHIPRICKIS LML 7 ¢ —F v 3®ik) TiX, EEFOLBREELICNTY 4
—F ¥ 2BEC, I LB Bl EORERIRE & &AM R O 5 F
BICoONW Tk 5.

o FIE [ZHlh - HAMTHICKHE LT 7 0 —F vilik) T, X0 EESEME
il c WEMTHES EXHESELT2DDOMTT 4 —F ¥ B TIEIZ OV TS,

o 4T [EEMITHOMEEZTEH L TREREN TiE, 52 Al FE Tl & #
Ly NEFT 5 X0 @i @8I LIS kS L TREFH RO O DML 7 4
—F ¥R FEIC OV TR S,

o HS5E REMEMESR U IRRG T, 37 —FOELRDHIEMNDTZDHD 3
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WK OB R 2 S EIZ, KitHOEME LERGFHIRKM ST 572012, BATAZES
KA SR EDOHEHMEREZZR L TINLY  —F ¥ 28T 2 FIEIZ OV TR~ D,
#eE Ifim] TlX, FETHLNILMERIZOVWTELOEZEL D,
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B2 EMRRICENT TN T T o —F v Bk

0
BRI T 2T 7 4 —F % 385k

21 IXLC®IT

PEROMT 7 4 —F ¥ BRI DM TIE, EJSNIINTT 4 —F v OFRAH
JFInsETHREY RICpBIESATE. FIZE, EHOORELEZNLY 4 —F v T
1T, AL EIEOBEMATR TR LTV A0, BEBRIEERBSIIEESL
TEBOT, Fgk/e LR L e 2 EY ETC 3 B b 23 HFARERICE EFN TV HAR L,
A IR CRELTE RWEMRIRIIIHIE TE T iehoiz, K21 (a) R
£ 7 Jiih L2k <, BBE SN TV D MHHAESE R TRET 2 7-0ICFK (b) @
EIOICHREEEEZSEILTNML S I T4 720G LINTL Y 4 —F ¥ 2853 525, I
TEBETLENEILTRBMLIINLY 4 —F ¥ DEE TIERWGEER D L. —T7, #
MRS ST 7 4 —F v 2 BT HIIN O EREICRIT 5 2 LI fEIC /e
B, EBETREEMIRITERIAAEL, EETIEMT T 4 —F v ORH G 8k -
R BIERTIERY. £ I TARETIE, RIS TE RPN E, L7 ¢
—F ¥ OFFADN LN 72 D D ZkE T 5 72 DI FIAERE TR & o T Bl R~ L3 5
ZETHROMLY 4 —F v & LTS 2 FEICOWTHRRD . ks, ABFFETIEH
FEEEGREBMZIRE U, 2SN EHEIR & RS 5.

&
4 .

Y

(a) Groove (b) Separated machining primitives

Fig. 2.1 Example of recognition of machining features for groove
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B2 E EMRRCHT TN T ¢ —F v R

22 MIL7 4 —F ¥ BIBMDOTH

RET LML 4 —F Y@M FEORNEZK 2.2 1ITR-7. M TREICHDRZZ S O
ISAHFFE TN Z T R e U T H 5.

ARFIETIE, CAD V7 bo =7 ETEREINIZEMERE BEBREANTD. 20
%, FPER7ZR TRE L 72 D ER Y EETC B Bl e & ORFETERE 2 B AR B ELY B
TEET 5. WIS, Tl L7z BERR & BMTR & D& L L TE L2 BREFEED 5N
TV I T4 7HBAGL, MESCES RO X 5 REMRICERT S, oLk, if
FHHNRT D72DICEML TV I 7 ¢ 7 UNTIEF 2R E LN MY 4 —F %
kT DN, ZOWMBUTITATIIR SV E R THD. Dk, HEMLT Y IT 47 %5C
DIGIR~EEITL L, RANTHY BRI Y &R &2 TROKRZIZMA TNLY —
FxDOIVANEHNT L. 7ok, KRECTIIREFIEOEARN LG EZHRT 70 Z
G A AT~ =0 7 XL D 3EHIEHO 7 T4 AMTEEELTEY,
TARA ORI AT R & CAD BT VOEIFRIT—ET b0 L LTS, Fiz, &K
FEOFEETIHICAD Y 7 b =T L LTT A 27 7 /v 7 7 8 Simple Modeler & % @ API
Bhe, BARSFEL LT CHEHAV TV D.

AHFIE IR B 2272012 11 TRT LI RT =V T VEREZET 50,
CAD V7 hU =7 TIHEHEDOEIETH Y, APLEZHWDHZ & TTa T Ao b EITAfE
Thbd.

VRem = W' T (21)

72120, Veem (XBREGEER, WIXEMEIR, TIZHERREZRT. £/, CAD T /L2
BCd 2 S T EOAEE O A P(x, p, 2) & DM & 2R TEMRAN 7 bl n TREITE,
P X i R0 s Px, y, 2) E RO r, O M Z R X 27 hbn TRITE D
25, WP H L CAD Y 7 b U =T OEHEDEAE THIB ATRE/2 723D, APT Z W THL
BFLTWD.
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B2 EMRRICENT TN T T o —F v Bk

( Start )

A 4

Workpiece shape and target shape

A 4

Approximation of special shape

Y

Extraction of removal volume

A 4

Detection of boundary face

Y

Extension of boundary face

A 4

Acquisition of machining primitive

A 4

Simplification of machining primitive

Y

Allocation of machining order

Y

Recognition of machining feature

A 4

Restoration of machining primitive

A 4

Addition of special shape

Y

Machining feature list

Y

End

Fig. 2.2 Proposed recognition flow of machining feature
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W2E HEHRIRCET TN T ¢ —F ¥ iR

2.3 RrEFGIRER DL

AN ENT ARG LT, BRI TR E 2R 2ER Y ESpr-eH Bfhima & o
FrETARER 2 U0 BRVD T 20 44T 5. BIEERRO S B, K 23 () 1R TXD
IZ XY, YZ, ZX FEHOWTHICH AT TRVHERNGEL, Ty PORSE L EED
MEZ & LC,

1<t 2.2)

Zl 2T HAICmE Y e L TR LTV A, wiIZ, miY fpre L Cidik s nom
DHRCHREDZy DO ELLNERTZ2EAILEL T, (i) OX IR Lch BicH
WY @EfraREdT 5. Zokgshlmidlz (i) OX 2 ICHERRACMLEL, B
BERR & OfME D Z & TEEY EF a2 B0 BT Gv) (R TIEEIL 72 BRI 2 15
5. B, ko= y VEFIHLTK 24 0X 5127 4 Ly bR —F—R HEEEIC
L, Pl L7 BERIRZS S, mllig Oz BEERIR & ot B AR O 2 55 fE ik
X, X 2.5 1CRT 8D REBY EFTY 4 Ly b, 3—F—R ZfH5TREEEHARNT
TVIT AT ETD.

M Faces sharing longest edge (i)

Extended face

Long edge Short edge Projected chamfer

(iii) Extruded body (iv)

/

New target shape

Fig. 2.3 Detected chamfer and new target shape
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B2 EMRRICENT TN T T o —F v Bk

Q) Faces sharing longest edge (i)

Extended face

Long edge Curved edge Projected fillet

(iii) Extruded body (iv)
New targetshape\’

Fig. 2.4 Detected fillet and new target shape

7 7

(a) Chamfer (b) Fillet

Fig. 2.5 Special machining primitives of chamfer and fillet

F7z, W26 (a) OLOICHERIRICEHIEEZFSHE1CE, FX (b) LI
HHEMEH2NOT RN OETKREZERL, BIERREOMZRS Z & TRK (¢) 12
Y H H AT 2 RO R L B A~E U 5. ks, BEREOERY @Ere 7
4 by b, F—F—RQRELFEERIC, S BERIRE Lo BAFRR O S0
27 D& 5 BHMEMLOLZDOORBRRMLT Y I T 47 L35,
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F2mE BHIRRICT TN LT ¢ —F v ik

DI CIE BRI @B Y AT H il 72 E O EIRE A FE LRV D & LT,
BREEEN SN TV I T4 72BELTENDICH L TINTY 4 —F ¥ 2Rk T 5.

Freeform surface

(a) Original target shape (b) Rectangular including freeform surface

@,

(c) New target shape

Fig. 2.6 Detected freeform surface and new target shape

e

Fig. 2.7 Special machining primitive of freeform surface

24 MILZFY I7 4 T OBE

ARFGE CIRRE T D EMEIGRI ST DML 7 ¢ —F % BT 0 AR 724 I % e
B DD, SHMEIHO~ = 72 L DT T A AN LAHHRE LT XY FHEiZ
FATREE T THET 22T, MLT VI 74 7OBSZMEICT L. 22T, K28
(a) (b) IZRTHEMBIRE BERIROELE LTHELRDFIK () OFREMERS T
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TVIT 4 TEBETAHE T, 22 TIEET, K29 0K SICHERRD Z Fik
FEEY BRI, BAVER L 0 AMAL, AT LY NS ER AR FET A5 A IIEE D
kA ML 7Y X7 4 7L UCHEITLTEG TS, 20k, K29 OX 51K 72brE
PR EBERENOML Y I 740 7206325, 22 TlEX2.10 1IZR7 5 BEOM T
VIT47REfmSND. ZolE, ERENET M=y P05 H XY FEI T4
EAMRT & ZENC AT P L2 oy VESRLTINL YV I 7 4 7 2B L
TWs. 2B, Moy PR320 xy VE2MET 25 2 ORI A2 180°L Y b/hSnT y
VEIET.

(c) Removal volume

Fig. 2.8 Input data and removal volume
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Machining primitive

(b) Outer area

(c) Lower area

Fig. 2.9 Surrounding machining primitives of target shape

Fig. 2.10 Other machining primitives
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72, K211 0X o, ZNHOMNTy PEEGIEHD Z FEEER K E W H O 5B
TV I T4 7 LTHEEGT 22, Moy VICERLZmAFEOSEIZIZZomL Y
ROBREERZBS L, HEEOHBAICE, TOEmONTEMT7 ) IT 7L LTI
535, 7220, BREFEEIEE & MEEARICEENDGEITIEL, &RKRD Z FEIEED KR
SWHZATLOMLT Y I7 4 72EICBSL, FUSEICTtmea T 2T
T4 T EREICERLTND.

Concave edge

Upper rectangular Lower rectangular
(a) Rectangular sharing to concave edge

Concave edge (1)

~

(i)

Upper cylinder Lower rectangular
(b) Upper cylinder and lower rectangular

Concave edge

Upper rectangular " Lower cylinder /

(c) Upper rectangular and lower cylinder

Fig. 2.11 Priority of acquisition of machining primitives
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25 MILFYIT 47T OEH#

L7 4 —=F I IMLTY I7 4 ZITNMLNE/FZRE L, OIR & AlpkimEm oz
AIZHE 1 EOM 1.1 O X DITHRET 2 ). BF ST Y 27 4 7B E TR
DHFTAR TEHRENDEHAIL, 5 1 BT X 9 ICAIRRE O TR0, £ 7 imd
LA Z 1AL E L2 2 OMBUIC L > THEOMLY 4 —F v & LTRHTES. L
L, THETITMLTY X7 ¢ TRBEMBIR TRWG SIS TETW RN Tz,
—07, MR L CTRR S BN T 4 —F v 2 EXR LTSS, SR LT
AU BRWINLE T  —F ¥ OB R E 72 272 OBLERTILR 0.

Z TR T, BHERROMT 7 27 4 7 % [FERCE RO L 5 7o BT
OMLTVIT 4 T~ERTHZEICL > TINLT 4 —F % 28T 2 FIEERET 5.
ZDLE, HHR LR DT — 30 N U AR CRIR S D X O M RIE, X212
DEIITEDBREZNALT HMHIEICEBT 26D L L, £ LISMNIE 2.13 D X 5 ITTBIR
ENEATHESTEA~NEZEBRLTNT T IT 47 LTRIGT 5.

»

. »

Fig. 2.12 Simplification of machining primitive to cylinder
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Fig. 2.13 Simplification of machining primitive to rectangular

BHEROIMTL T Y I 7 4 72 NAT D EGE~NEHR L IZHRITINTL 7 ¢« —F v 238
T, Blpkm O E 5t T 2B E OB OE RS LI L 0D, Z o), FilxiX
1214 (@) DEH>RIMLT Y I 7 4 7RGz L &, JTORIRTRIFHE CTh > 72
TEW S N E RIS N T ST 2 EIC AR &V O BEZ B &/t D, 22
TIE, R (b) O XD ICEBR LICEHROF T 5 EOERT D, JTOEMERRORIRK
HOER G E BT 2 b O RAREOBEM L 35, SHI2, ERTmA BT
2 BEHA% DI D HIFE Saner &, ZEHARTO BN O AT Soetore, EEDOREMEEZ 1 &2 &,

Safter - Sbefore <t (23)

7T G A SRR S HET S, 2o X 5L T, A (o) (R HAT IR & 2
LIEMTZFY 7 4 72051 5.

Converted machining primitive Normal vector

Generated surface

7 X Original machining primitive
(a) Acquired machining primitive (b) Comparison of normal vectors

Generated surface

(c) Simplified machining primitive

Fig. 2.14 Succession of generated surface of simplified machining primitive
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26 MILZ 4 —F % OFRK

FIMLTY X7 4 7ORKREAIKEOHERE EKIINL Y 4 —F ¥ 28T 5. 22T
VEE LR HEWIE, MLV X7 4 7oK, Alkm o, EHEOMLTY X747
Tl 2RI OB, MLTT Y I7 4 7T ORDPAIKE THLMENTH L 9.
HERGIR A PRSI 5 IR O BRI~ L, AR O REERZOMLT Y X7 47
~NEHRERTHZ LT, LTI T4 AL EHT R THLHE L RRICINLY 4 —
F X BT D ENAREE D, 2L, L7 4 —F v RO - DICHAM IR~ &
B TWIZINT T Y X7 4 73 DIR~E B L, 2.3 HiCHUAG Lcmy Eerse
B 7 & OREE IR OBREFEIL & 72 DR ML 7 U 7 ¢ 7 I3ReBI 22N 7 ¢
—F v & L UNLNERF ORZIBNT 5.

BlziE, 2.14 (¢) CTHAMBRA~EEBRINTZMLT ) IT7 4 71%, ZORIREE )
RELTHRVED ZEMTE, MR LAIREOE®RN G, AlkmEi 2, xtmd
LA E OFMIZIELS, ROAKE LFELRWZH, K 215 (b) TRTXIICEFK
WOMTLT7 4 —F % ThD (K) Step & L TRk snbd. £Dk, CAM Y 7 hU =7 ~
DA EZEBL, ML7 4 —F v OEREZGI IR G (c) DL ICITOBEHER
W Eing.

Generated surface

i

4Y
=X
(a) Simplified machining primitive  (b) Recognized machining feature (Step)

(c) Restored original shape

Fig. 2.15 Recognition of machining feature based on simplified machining primitive
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27 I —RAREZT 4

ARHEITIE, BEFIE UTREREE SILTWR)p > 7o mBy fEpr<e B B il 7e £ offE
REZ g0 MRE BERRE LTI L7 4 —F ¥ R L7-. 72k, AT
RFEEOEAR G ML R T 2720, shE T E A AT 2 3o~ =
TRUBIZEDTTAAMTEREL TS, ANERE LT3 KT CAD VY7 vy =
T CERLIEFMIRE BERIRZXK 216 12737, 22 TIEET, K217 18T L9
(T E Y T B Bl 7 E ORFEIRE A BAERIR D BRIk S L, T b A ED BR<
FoiElahTng. K218 Ikl o BIERRZ 7T, T OREIRE 2 B0 kr<
IRl &Nt BEERIR & SO FEM IR ZHi T2 A & L TR S N2> «
—F v XK 2.1IIRT.

(a) Workpiece shape (b) Target shape
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Fig. 2.16 Input data for practical example

»

(b) Freeform surface

Fig. 2.17 Approximation of chamfer part and freeform surface

Fig. 2.18 Approximated target shape
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Table 2.1 Recognized machining features
2. Face-P 3. Face-P 4. Blind hole

6. Closed slot

& P
.

14. Through hole

18. Blind hole

22. Through hole

26. Chamfer

27. Chamfer

28. Chamfer

29. Chamfer

30. Chamfer

34. Freeform
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TR OM LY ¢ —F v B0 —Fl L LT, IMLNEF 9 DIMLT 4 —F v
MRk SN DNz T, X219 () IR TIMLETY 7 40 7RG S iz, [ (i)
DEHCHHMBIRE LTZDOMT 7Y 7 4 72NAT IEGFERICERS L, BEfke
TOMLTY T ¢ 7 ORI Z g L, R (i) (27”37 Closed slot & LTI «
—F ¥ PR INTWD. ZO%, WEkSNTILY 4 —F ¥ XFEM (v) O X9k
OMLT YV IT 4 7OBRICETLENTND., 20X, MESCHFERTRIAIND
HAIR7E T T <, INLIE/F 9, 16, 171285 X5 MR T EINL Y ¢
—F v L LTSNS Z L 2R LIz, £, INTIER 26 LI TIIWIDIZE Y BRL T
WL U7 B0 (T & B R R R M L —F % & LCBMESh, TR
L34 L7eoTe.

Recognized machining featureas |
cuboid

Restoration of machining primitive

Fig. 2.19 Recognition of complex machining feature
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28 BbbhiZ

AREETIE, HEHY EHTCE R EE R & OREIRI S BAERRICE EN 558,
L7 4 —=F v SAERE SR L L TR TE WK & IR~ 5 2 &
T, BMERREHEEDOINT. 7 4 —F ¥ O A WREIC T 2 FIEIC O W TR

2.3 HiCIEmEE Y EETe B Bl Ze &2 BERR D B EY R TR S BRI o0
Tk, 2.5 HiCIIBEMERIMT 7Y 27 4 7 % FFESCE T (K70 EOBAIR A~ & 2 L
TINL7 4 —F v 258k T DB O W TIRRTz. 2.7 HiTITo 7o —RAAZ T 1 O
REns, BEFIEPEHBREZBELIZINLY 4 —F ¥ ORMICHE TH D Z & & ffid
L7z, ZHIUC R0, ey Epr7e SRR M L7  —F v & L TR 2 2 Liamz,
MT7 4 —F v OFEBERT D 2 L BT RN S ZHERBROMT Y 27 4 70 b

INT.7 4 —F % ORAEFH LT,
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3=
Z il EEIMTIZENT 72T 7 4 —F % 385k

31 LI
F2ETEIMHEEO~Y = e X ERRE LT, XY FEICFEAT AR ChrEld
52 L THMERBREERNOIML Y  —F v 28§ 2 FlELZ Rz, KETIE, 25k
IHEIN LD = — RN 2 B oI 2l - AL - ZHRELD T AR 72 TARBEIC
KIS U7e TR G SR S A7 AOBF I, B 3oz, B2 fhizAa9 25 5 il
flHO~ =720, EHIMTE 7 74 AN T.OWEIEZ H 3 5EA I THEAO
TR XEY AT AOBBICHT TNL Y 4 —F ¥ 28+ 2 FiEICHOVW TR 5.

32 MI7 4 —F ¥ B#DOLE

AEITIE, il EEMTHE~OXISIZTHT T, BRIV AT AMET 2720 OERIC
DNTIRRG,

CAD Y7 hy =7 ECTERELIEMBIR L BERREZ AERE LT, FREHERE
HTOHITHE 2 BERKETH L. £D%, il L-BREFEEE BRI 5ima
AW E LTHRARL, XY FEICHAT2ZmICRET 5 2 &2 <, S5 2 BREEEPE
(IR 5. FR5R L7c et & PREEBCHEN DA LT Y X7 4 7 L RSB
ke LTEAEL, LY 27 ¢ 712 LTI LIEF ZIERFEE L T\ 2 & T
TA—F xRk 5.

321 MRREFEROMMH

CAD Y7 b7 =7 ECERLIEEMRKE BERRICK LT —V 7 R EZ ETT
52 L CHREFEMAMET S, 7= 7 CEFEIEX 31 IR T X HIZ3RILCAD Y 7 b
VT R E TR R o TOBIRE R - 7 - FOEEGHEIC LV BRESEL HIETH
5. BREEBIIFEMINE BERIROESMHEEE L TELND D, 207 —1 T H
FUZ K o ThRREFEICHY T 2 BN G 6N D.
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(@) Ljnion (b) Subtraction (c) Intersection

Fig. 3.1 Boolean operations

322 HEHRmEOBUEG L IR

BoONT-BREHEREER T 2HENLRE LT, TALOED S H BERR &8t L <
WHE A 32 RS X O ICERE &S LTHST 5.

WAz, FRTRT X 9IS Bl & R EFIRNE~ LIRS 5 2%, FEMRIC X
S TEAT HREFEEIS L C—RRICERm Atk 2 2 LIIRE#ETH L. £2T, 2
CTCEHETREBERONA LRI ST, BRTREMEE Z 5 TRWES & 401T 2 %R
H5.

PREFEIOPWI 2B S E D T2 DITIINRZ BT o=y PEFAT 5. K32 1R
T LN, BEREEZBREFENETICILRE LGS, RSN TICEL =y VR FET S
W, ZoTyVEMTy s, ks, My D320y VEBET S 2 HOER
DRTAN180° LV L RES DTy VDI L THhD. ERIOILETIE, thoy %
GOETOARNEL, M=y T LN, ERmOF o=y U2 RET
B & TR REES OB FRETH D, 2L, EBRICEE R & ILEd 5 08X

ZIRDOIMLT ) I 7 4 7 ORI E FFEIZAT 72D, ZZCIEMT v VA ILHT 28 H O
HOMAEEE L THET 52 & TR 33 IRTIBET &M & LTI 218D T
5.
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Boundary face

Removal volume  Extended boundary face

\74\J

Target shape Concave edge

Fig. 3.2 Extension of boundary faces

Extendable boundary face

Fig. 3.3 Detection of extendable boundary faces

323 MTFY I7 4 TORE

AITHCRRAR L2 R T R EERE ZFH LT, CAD ET VIR L+ R&EL 2D LD
BRI OER AN LH L2 3.4 O X5 IR EERT 2. Blx0E, B5E5fm N
HOHEITETEREZER L, HEmEOSEIZIIMEE R BREERT 5. SERT~
EHEREPEBAAET 556 1134w CTIERR L7k o el saik & 72 2 TR A 1ER T 5.
TERE U722 MR & AR O BRI T 7Y 27 4 7Y T 5720, o7 —U 7
VB AEFETT LTS IORTM LTI I T 7 W™ Eohs. 2ok, GoHh
TEMLZ Y I 74 7P AT 5O T, AR E T DM aAlpmm & FFCY, ARk o
BRITBEDOIN LT 4 —F ¥ 23T 2ROBIEO VO E D& LTHIAT 2.
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Extruded volume

Fig. 3.4 Creation of extruded volume

Machining primitive

Generated surface

Fig. 3.5 Acquisition of machining primitives and generated surfaces

324 MMIL7 4 —F ¥ DR

WIZ, BARESNTIN LT Y 7 ¢ 72N TNEFZHI0 B CTRA 6, Al O R % %
WHEFT 5. MINEFORERMEATEICEET L2 L TRBRSNDIMLT 4 —F v 3
AT 5720, ERFELVLAREORWIITY 4 —F ¥ OFRFENFIRETH D
BAEHNCBE LTV X7 4 7 ORI &R OTE R Z TN L7 4 —F v 2387 5.
ZITHE, B1ETHELE (A) 26 (D) O4FEEEREZERT S (a) OMAEEIZX
STHEONMT VI T4 7 2RI LENT 7 4 —F ¥y Bk Snd. £72, B) b
(L) O 8FMEENEEKRT S (b) OMAETICL->THEGFEROMT T T 4 7&K
LML 4 —F v RSN 5. MEOITLY X7 ¢ 7 TlX, RHPAIEE T 50>
WA T, RESCORIEE O¥ A A, EGEROMLTT Y 7 7T, RAOEIRKET
HDHMTMA T, REUSNORIKLIROE L, xtmd DRIk Z —/ & Lz & & 0ff%E i
WCTIMLT 4 —=F x0T 5.
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325 MIL7 4 —F ¥ RBE TCOLBEDOET
BRI E LTINL 7 4 —F ¥ BNRBMEN D F 21T, ANFRE R D FMIBIR & H
Bk A 3.6 ([T L, fiH & -BREEER L A Sh-ERE 4K 3.7 [TRT.

(a) Workpiece shape (b) Target shape

Fig. 3.6 Input data for concrete example

s

(a) Removal shape (b) Boundary face

Fig. 3.7 Extracted removal shape and acquired boundary face

W, BROEZEICBESNEZNT 7Y ST 072K 3.8 1R T. ZZTIHEREMICS
BEOMT7U I T 4 7RREINS.
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Fig. 3.8 Acquired machining primitives

KB, MTIEFERETHZETMLY 4 —F ¥y B3Rk ESn5. 22T, 44—
VAL UTCAIRE OB DN D720 OIS TIEFZE 0 Y Clhi s, ¥ — B L
LTHEBEORENSDIZHRITINTIEF 280 4 TEHED 2 "2 — 2O TORT. 7
2L, /NZ— A TAIRRE O R U5 a1 I3AIR E O EFEA K& W d oIz /81T in ™
EFZE DB THHLOLE LTS, K38 OMTTY IT 4 7OFRTEHRECHET D LD
Z 3.9 1R
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(a) Machining primitive in Pattern A (b) Machining primitive in Pattern B

Fig. 3.9 Difference of machining primitives depending on machining order

ZITHEBRSNTEMLTY I T 4 TRENENO/NZ = TILNERF 1 DMLY 1 —
FyE LTCR#EIND. MTIEF 1 OMT.7 Y 27 4 7 ZFBMIRD BB BR T
FERZEH L TWERNS, IBRINTY  —F ¥ 2T 5. U Loz ~Tohl
TV I T4 ZICMTIEFAZEID Y THETHRYIET. £ 3.1 ICEF - TREIN
HMLT 4 —F ¥ Z2RT.
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Table 3.1 Difference of recognized machining features

Pattern A Pattern B
Machining Machining
feature feature
Machining sequence T: Type Machining sequence T: Type
G: Generated G: Generated
surface surface
A: Area [mm?] V: Volume [mm3]
| T:(B) | T:(B) +(a)
1 W G 1 1 |62
A 2827 V: 49482
T:(B) +(a) T:(B) +(a)
2 G:2 2| G:2
A: 9091 V: 8836
T:(B) +(a) T:(B) +(a)
3 G:2 3 G:2
A: 5733 V: 6774
T:(B) +(a) T:(D) +(a)
4 G:2 4 G:3
A: 1355 V: 6676
T: (D) +(a) T:(B) +(a)
5 G:3 5 G:2
A: 3181 V: 3534

IO XD, INTNAFF OFBERMINE > ThRA RINT 7 4 —F ¥ 23k 5 Z &3 7]
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33 F—RREZT 4

AEITIX, Zdh - EAEIMN IS IT 72 TRRE SR AT LAOTDICRE LT
4 —F XY RBTEOFRANEWRT DOy —ARAL T  B{ToT=. ZZTIEET,
BHERRER RIS L, 5 o~y =0 7 22X B8 UNT28E LT
JEFF 25D 4 CTMTY 4 —F v 2Rk L1z, WIS, Bix i T L% BEREREA
ITHEIC XM T2 A8E L, IMNTNERF O ESRMA LD 3 SDONZ = TNLT 4 —
Ty Zadik L7z,

331 S#E#H#EO~vy =V FERE LI RT—

INTNERF ORRE &IFI3k A2 Th D2, T 2 CIIBEHEREMERE S fHlfHo~ =
TR A ERCENTEZEBEL, TEHOT 7a—F0 LT 325 E L, AlkEOHMN
D7, BRI OREEARE NS ONLIMTIEF 280 Y4 Tl x—2 A, BEEHE
FFT 2 X ICMTIEFEZEID YTl F— B ELTNMLY 4 —F ¥ &8 L. 7272
L, MLZYI7 4 7ORIKED 56, wbImfENARKE S, ERE Vi, ORI D
ERRZE Vorer & LT, MLTY X7 4 7 OfMOETORIKIRICK LT,

Vselt * Vother < 0 (3 1)

i TER T A BEIRIC T L AW E LTCEOMLT Y ST 0 70 )meE L
7o Fio, K310 DX S ICE—FmTAIKEZILFT MLV I 7 0 7131 SIS
TAHAZLE LT

Shared part of
extended boundary faces

Fig. 3.10 Merged machining primitive with same direction

ANEROZMIGHR & BERRZX 31127 T. 22 TRET, K312 17T L9
HAERARIZIFEET HEEY ESEATNEY BV TRl E TV 5.
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\ v

4
(y

(a) Workpiece shape (b) Target shape

Fig. 3.11 Input information for case study

g

(a) Detection of chamfer part (b) New target shape

Fig. 3.12 Approximation of target shape

TEO7 7o —F0 LT &5 E L CAIKEOL NS OB I TNERF 2%V 24T
T2 EZ— ADFERAZEI2ITRT. ZZ2TIE2LHoMT Y 25 4 TREUS S, 7
FEOML 7 4 —F ¥y iS5,
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Table 3.2 Recognized machining features in Pattern A

1: (F) Face P 2: (K) Step 3: (K) Step 4: (K) Step

5: (K) Step

6: (J) Open slot 8: (J) Openslot

10: (L) Closed slot

—J, BHUNLTEEEL, RRZHRETL2 LI TIERFZE Y Y T¥—2 B
OFRER AR 33 IR, 22T, 16 HOMITTY 7 40 7NEESH, 7FEOINT
T A —FT ¥ RBBEIN TS, BEEHFFT D L DI ITIEFE D B THI TV D4
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ELTITIER 1 205 3R TNERF 8 285 12 72 &L Al — DR TN L TEXHMLTY
T4 ZIEE UM TTIERFAE D 4 TonTWad. £/, MTIERF 309 O X 5 ICHE
REFEZ T CTERHATERWVWINL TV I T 7ML 7 4 —F v & LTHREIN T
LT L rhER Lz,

Table 3.3 Recognized machining features in Pattern B

1: (F) FaceP 2: (J) Openslot 3: (L) Closed slot 4: (K) Step

5: (L) Closed slot 6: (K) Step 7: (L) Closed slot 8: (K) Step

9: (J) Open slot 10: (C) Blind hole 11: (C) Blind hole 12: (C) Blind hole

13: (K) Step 14: (C) Blind hole 15: (E) Through pocket 16: (A) Through

17: Chamfer
- ]
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332 HEMIHEEELIZNRF—

K2 2N T k% B EREREAIN THIC X 2T 248E L, I TIERF OB ESEN
HIRD 300N F—TILT7 4 —F ¥ Z2ilak Lo, A& LI-ES T NC ez

TIAAMLOMREEZMMLIZbDEBEL TS, ANBERE LTEMEIR L BIER
K&K 3.13 1277,

(a) Workpiece shape

(b) Target shape

Fig. 3.13 Input information for another case study

RE—21 LT, TERTEMCT Fa—F LT W2 e EELTNT 4 —F
Y AR L7z, BARRNITAIRRIE OIS D72 WINE ) 27 0 7 BRI ERER L, Al
R DR U A I IZAIR I ORERBS KREWS OB LT-. 7ok, MIZAIkE

D Z 4L LTHRATWD., B LIILY  —F ¥ 2K 341277
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Table 3.4 Recognized machining features in Pattern 1

Machining Machining
feature feature
Machining sequence T: Type Machining sequence T: Type
G: Generated G: Generated
surface surface
A Area [mm?] A: Area [mm?]
T: (B) T:(B) +(a)
1 G:1 7 G:2
A: 7854 A T11
T:(B) +(a) T:(D) +(a)
2 G:2 8 G:3
A: 30615 A: 8930
T:(B) +(a) T:(K) +(b)
3 G:2 9 G:3
A: 23919 A: 1335
T: (B) +(a) T:Q)
4 G:2 10 G:3
A 14141 A 424
T:(B) +(a) T:(C)
5 G:2 11 G:5
A: 3106 A: 352
T:(K) T:(C)
6 G:2 12 G:5
A: 1650 A 217

WIZ, WRE—2 2 L LTCTERNT/EWICT 7o —F LI WZ L ZEELTIT7 4

—F ¥ ARk L7-. BARMICITAIRE OBN D2 WINT. 7Y 25 4 76N TIER 2%
DY T, AR O E UHAIITREEN NS Wb O EE Lz, B LT 7
—F ¥ &K 35T,

- 42 -



3B L EEMTICET T 7 4 —F ¥ B3

Table 3.5 Recognized machining features in Pattern 2

Machining Machining
feature feature
Machining order T: Type Machining order T: Type
G: Generated G: Generated
surface surface
A: Area [mm?] A: Area [mm?]
T:(B) T:(B) + (a)
1 G:1 7 G:2
A: 7854 A: 6016
T:(B) +(a) T:(J)
2 G:2 8 G:3
A: 5120 A 424
T: (F) + (b) T: (K) + (b)
3 G:2 9 G:3
A: 5896 A: 1335
T:(F) +(b) T:(D) +(a)
4 G:2 10 G:3
A: 5609 A: 8930
T:(B) +(a) T:(C)
5 G:2 11 G:5
A: 13386 A 217
T:(B) + (a) T:(C)
6 G:2 12 G:5
A: 10458 A: 352

BB, NE2—23 L LTREBZMTHRENMEOND ETHREND, Fyv v 7 i@
LIEWVWHLDOEBIE LTI 4 —F v 238k L7z, T v v Z7A@E» SO, T
PR L7 L7 4 —F v 23K 3.6 [T/~ 7.

TV X7 4 7OELLETHE LTS,
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Table 3.6 Recognized machining features in Pattern 3

Machining Machining
feature feature
o T: Type o T: Type
Machining order G: Generated Machining order G: Generated
surface surface
X: Center of X: Center of
gravity [mm] gravity [mm]
T:(B) T: (B)
1 G:1 7 G:1
X: 117 X: 85
T:(B) +(a) T:(J)
2 G:2 8 G:3
X: 112 X: 82
T:(C) T:(B) +(a)
3 G:5 9 G:2
X: 112 X: 81
T:(B) +(a) T:(B) +(a)
4 G:2 10 G:2
X:109 X: 42
T:(C) T: (D) + (a)
5 G:5 11 G:3
X: 102 X: 38
T:(K) +(b) T:(B) +(a)
6 G:3 12 G:2
X: 85 X:18

BEx 7N T2 @R[ e A M T Z WA Th-oTh, MLIEFDORTES
WAEEETHZLT, RE— I3 DLIITEELRINT. 7 4 —F ¥ 2%+ L

NTE, FEOMLIREZ®EIRT L ENA[REL 2 5.
BT, NA—=U 1S 3 TRBEINTZINLT 7  —F % 221D CAM V7 b v
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=7 (DP technology # ESPRIT) (T XV THEREZ A L TN LK#AFEH L. LE
IFSME L ERIH S A N, 77 A ZMTRAIZ S BEOARA 7 =272 RIL (44, 6,8,
10, 25mm), 2FEEHDO KUV (¢ 6, 10mm) ZAEL, EHIINTLE 7T A ZMLOM
THINT AR B AITSERIN T & Le. E£72, UHIGRMRERA L2 TR X a7,
SR ROHEREMZEHL, = RI/MIMT TV 7 0 7OELLT L 722 5/ KED
LOEBR L. BHSNN TR ZR 3.7 1ZRT. 2 2 TN % FEAmfE s &
T2 LT, fFEFIIEE Y — L TRBSNTINLY 4 —F X OFnG, BT
RIS TR S eI L LR ZEINT 5 2 LA FRBIC R 5.

Table 3.7 Calculated machining time

Pattern 1 Pattern 2 Pattern 3

Time [min] 16.2 17.9 18.4

3.4 INTEBR

AR TR LIV AT ALV LN T 7 4 —F v (2SN T LR 2T
L TINEEREZITY, TERHIEV AT LOGAMELZMER L. 22Tk 332 H
TEMELIZT—AREZT 4 D56, MLKHNREE 225654 8EL, TEOT7 7 n
—FOLRT SICHEH L8 % — 2 11Tt L CEBIC TRR %M L 7.

341 fEA U7 TYERER

IITEBRCIEX 3.14 IR T v~~~y 7 MOEA I TH TH 2 INTEGREX i-200
AT BRI 315 1T L 00T, EHIERE IV o EiiAE A L TR Y, JEH
EEMANC RS 1 (C#h), U 7RG X, Y, Z OB 3 il l [HES 1 Eh (B W),
BIOEHLEO WHEITHERESND., LR 3.8 I1TRT.
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Fig. 3.14 INTEGREX i-200
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Fig. 3.15 Construction of INTEGREX i-200

Table 3.8 Specification of INTEGREX i-200

Specification

Bed Length — 1000U in

Capacity Maximum Swing 658 mm
Maximum Machining Diameter 658 mm
Maximum Bar Work Capacity 65 mm
Maximum Machining Length 1011 mm
Main Spindle Chuck Size 8in
Maximum Speed 5000 rpm
Motor Output (30 minute rating) 22 kw
Milling Spindle B-Axis Travel 240°
Magazine Capacity 36
Maximum Speed 12000 rpm
Motor Output (20 ED Rating) 22 kw
Feed Axes Travel (X Axis) 615 mm
Travel (Y Axis) 260 mm
Travel (Z Axis) 1077 mm
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3.16 BL U 3.17 I T THRET 2E MR & BERIRZ =Y. Zhb i AfE
WELTCRMENTML T 4 —F v Z I TREREZE LA REE 3.9 187, L
FERCHEM L7 TREIIAME LS gil iAo b, 774 ZMLHIZ S FEORA 7 =7 =
Y RIv (04, 6, 8 10, 25mm), 2FEFEDO KU /L ($6, 10mm) ZAE L, FEHIINT
&7 T A AMLOW S TIMLATREZR GG ITERIIN LA @ Uiz, F£7-, CIHEISM36 A
LT RO Zu7inhG, HSEeRBOWRIMEZEML, 774 ATRIIMTFY X7
A 7 DOIELLT &R DR REO T REZ/MA L.

T BB O ERIZIIE A I T HxfiS LTV % DP Technology #D CAM ¥ 7 h 7 =
7 ESPRIT % F\ 7=, ESPRIT ([ZHNTAIZHE A L7240 TR INTEGREX i-200 O A8 1% #
ERANTr® v EEDIAR, 3RIT CAD TYERK L 7= B ERARITIEE O bR aEik &
TREfaREL, LERMLTEZEETS2ZLTNCT—2 2 LT,

(a) Workpiece shape (b) Target shape

Fig. 3.16 Input information for machining experiment
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(b) Side view

Fig. 3.17 Dimension of target shape

Table 3.9 Result of process planning

Machining sequence

Cutting conditions

Machining feature (B)
Generated surface 1
Area 7854 mm?
Cutting method Turning
Cutting tool Bite
Feed 125 mm/min
Spindle speed 500 rpm
Depth of cut 3mm
Machining feature (B) + (a)
Generated surface 2
Area 30615 mm?2
Cutting method Turning
Cutting tool Bite
Feed 125 mm/min
Spindle speed 500 rpm
Depth of cut 3mm
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Table 3.9 Result of process planning (cont.)

Machining sequence Cutting conditions
Machining feature (B) + (a)
Generated surface 2
Area 23919 mm?
Cutting method Turning
3 Cutting tool Bite
Feed 125 mm/min
Spindle speed 500 rpm
Depth of cut 3mm
Machining feature (B) + (a)
Generated surface 2
Area 14141 mm2
Cutting method Turning
4 Cutting tool Bite
Feed 125 mm/min
Spindle speed 500 rpm
Depth of cut 3mm
Machining feature (B) + (a)
Generated surface 2
Area 3106 mm?
Cutting method Turning
5 Cutting tool Bite
Feed 125 mm/min
Spindle speed 500 rpm
Depth of cut 3 mm
Machining feature (K)
Generated surface 2
Area 1650 mm2
Cutting method Milling
6 Cutting tool End mill
Feed 1000 mm/min
Spindle speed 2000 rpm
Axial depth of cut 3mm
Radial depth of cut 25 mm
Machining feature (B) + (a)
Generated surface 2
Area 711 mm?
Cutting method Turning
/ Cutting tool Bite
Feed 125 mm/min
Spindle speed 500 rpm
Depth of cut 3 mm
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Table 3.9 Result of process planning (cont.)

Machining sequence

Cutting conditions

Machining feature (D) + (a)
Generated surface 3
Area 8930 mm?
Cutting method Turning - Milling
8 Cutting tool End mill
Feed 125 - 1000 mm/min
Spindle speed 500 - 2000 rpm
Axial depth of cut 3mm
Radial depth of cut 8 mm
Machining feature (K) + (b)
Generated surface 3
Area 1335 mm2
Cutting method Milling
9 Cutting tool End mill
Feed 1000 mm/min
Spindle speed 2000 rpm
Axial depth of cut 3mm
Radial depth of cut 8 mm
Machining feature )
Generated surface 3
Area 424 mm?2
Cutting method Milling
10 Cutting tool End mill
Feed 1000 mm/min
Spindle speed 2000 rpm
Axial depth of cut 3mm
Radial depth of cut 1 mm
Machining feature ©
Generated surface 5
Area 352 mm?
Cutting method Milling
11 Cutting tool End mill
Feed 1000 mm/min
Spindle speed 2000 rpm
Axial depth of cut 3mm
Radial depth of cut -
Machining feature ©
Generated surface 5
Area 217 mm?
Cutting method Drilling
12 Cutting tool Drill
Feed 65 mm/min
Spindle speed 650 rpm

Axial depth of cut
Radial depth of cut
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AT CHitE L7z TRERRFHI S WO L LR A K 38 ISR 7. 728, MEIZF I 0
L7y R SB0470 ZfEH L7z, BN L7 0 —F ¥ 2 52 U7z TREREHIE -
TINLUZRER, Tz T2 R BESNTEBREMLTE L2 L 2R L.

(a) Front view

(b) Side view

Fig. 3.18 Result of machining experiment
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(c) Top view

(d) Whole view

Fig. 3.18 Result of machining experiment (cont.)
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35 BbYIC

ARETIE, Zih - HEMTE~LINT T ¢ —F v RBBEFIELILRT DI OV TR
Nzl B2 ETIEXY FHEICEATRE TS 22 TMLET Y I 7T 0 7245, N
T74—F ¥ 2k LW, FEDOEIZRET D2 &<, EHREAILETLZ L
TMLFY IT7 47285322 LT, L - #E M IHETINL I BRIz LTm
T74—F v 2@k L. IBEFLEOGHAMZHET DD OEBOr —AA X T 4T
X, S#hi~ = 7w X DBEHUMT2BEL, MTT2E8E2#/T5X 512
MTMEFF 2R EST D2 & TMLY 4 —F ¥ 25T 2 2 LI, KR 2INL kN
RATREZR A M TARICKT LT, MIMEFORERMEZEE T D & THRa 2 —T
LT 4 —F ¥ ORBFEEFEH L. £, WL LY 4 —F ¥ ITESWTHEERIZT
Gt a L, EaMIEEzHWTILERZFEmL, THLEZ T ERJMBELE
RPN EoNDZ xR,
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H3ETIE, EAMRRSEREZEEL, 2 - G TERICHIS L2 LY «—F
¥R TFABICOWTIRARZ, — 05, TETIIAA LR D5 R EEIC I U > 7 i
(N, H2 RIS MBS Ly FEATOEAMIENA RS L TRY, Znbo
BEMTHAE AW 220 TSNS, T2 TARETHE, L0 Z#ER
BEAM TS Uz TR B Y A7 A0S, 5 2 el Tdh 2 fHv 7z TE
MO 2 EAMBE L Ly b EAWEERERORRN T2 EHT 57200 MTL7 4
—F ¥R TEIC OV TR S,

42 BHLEELZETHEEMIE~DHIS

ZZET, HAMTHE LN EEE 1 o0BRETLIHRAEBEELTNTY 4 —F
YZawak Lz, LL, WFETEHILIZEWEREEZGLT20IC, K41 13T X972
52 BEHI FEECHEH] EH TS NBE Y Ly NERT D XD SRR EA I TN B
LTWs., 22T, X0 ZHEREAESINTHEOKRELIENT 2720, 5 2 EHl 3% 1
W TAEM OB X, THHAME S Ly b & W7 EEEEFT o FRE I T4 4878 Lz
L7 4 —F ¥ ORBFIELIRET H.

Fig. 4.1 Construction of multi-tasking machine tool having sub turning spindle and a turret
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e o~ = 7 X OMEEE A T- X OEE M THEZEE L, TAERR O
TR & CAD ET /VDEERII—HTHHDE L TND.

IHE TOME TIFHFE A CERIN LIXEE S TWaRned), ETHEFELOR

DI L Z FT 5. 20K, EBOOFECESEINLY 4 —F ¥ ORHE BE)
HIAT 9 VAT LEMET 5. RZRIC, RSN LT 4 —F v R OREFHIMTTE
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( Start )
v

Workpiece shape and target shape

\ 4

No

Chucking change ———

Yes §

Division and combination of input shapes

\4

Extraction of removal volume

JV

Detection of boundary face

JV

Extension of boundary face

!

Acquisition of machining primitive

JV

Allocation of machining order

JV

Recognition of machining feature

A

Machining feature list

y
End

Fig. 4.2 Flow chart of developed system
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AR X512, JATHFFECIE 2 S OlEHI EiilZ A9 28 AN THIIEE L Tnzen,
ZOw, PR ZBET 25AITE 1 eSSl & 5 2 el EEE T« —
T v ZRT AT O DB AE SEIL TEZ LI ENH D, £ T, REi TR %
1T 5 To OIS A 73 &9 DB DN TR~ S .

FT, CAD Y7 hU =7 ECTERINTEKA3ITRT X0 RBMBR L BERRD S
b, HERIRZ N TEROSENFATS. K44 () ITRT LD ICHEBREHRT
% O CIEMATEN] EENC AT & A2 D2 BGT 5. RICESG SIS mEEThTh
NET 25/NOREFHEFR (b) OXIICERT D, I 2 THEEITHR KRG & Ff
THZEEMEL, EXRLEREFFO bEEPEKRT, LVERISEWEEZX 4.5 O
Eolcorm e LTRSS 5. KBS, BUFSN-OIWiE T 4.6 10RT & 5 ICFEME
RE BERIRESEIL, K47 O X5 IZHEMTROE 2 EH Hhlil & BERIROE 1 1
HIEERIO X9 ICAEWICHEET 2 2 & THIERAEBREHERTH. FERLE 2
DO A 1 FEH EEMA, 25 2 FEHI ERM OB e BEERR & LT, #I9IZ CAD VY
7 MU T ETER LICHEMIR ERITH TR ATERE T 5. ATl cEnEnin
L7 4 —FX¥BWT 2L TR ZEET 22 L0MREL 2 5.

(a) Workpiece shape (b) Target shape

Fig. 4.3 Input information
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(a) Detection of parallel faces to turning axis  (b) Definition of rectangles including the parallel faces

Fig. 4.4 Candidates of cutting face for dividing workpiece and target shape

Lo Lo

(a) Rectangles having the largest max area (b) Selected cutting face

Fig. 4.5 Selection of cutting face for dividing workpiece and target shape

i Sub spindle side Main spindle side

(a) Divided workpiece shapes

Fig. 4.6 Division of workpiece and target shape
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Sub spindle side : Main spindle side

(b) Divided target shapes

Fig. 4.6 Division of workpiece and target shape (cont.)

(a) Redefined target shape for main spindle side

Fig. 4.7 New target shape obtained in combination with divided shapes

- 60 -



A4 5 AN THORRE &% TR

(b) Redefined target shape for sub spindle side

Fig. 4.7 New target shape obtained in combination with divided shapes (cont.)

44 FRMIZZBELEZMIIRORE

AHITI, BSNTZNLT7 4 —F v 252 CAM V7 N =7 ~AJ1T 5RO
MTOBY TN TR,

TR SN L T 4 —F ¥ b, MLNEFEGET 5 2 DOMLT 4 —F ¢
WZONWTEZRD. TNODOMNMLT 4 —F ¥ BILITHEAM LELIZ 7 74 ZAMLOEL L
P HIZEID M TAEETH Y, - olEll T L CRESFICEE L 2WEES, £h
BIZFFFICMTTCES DL L TRV D.

Bl ZIE, K48 OXIITMINA/FARESNWTMLY 4 —F v ik s e Hs, &
BT DML 7 4 —F DI HLMTNEF 1 &2, 253, 3% 4 TidhEdlEdhoEmE S
FET LM, MLNE/F4 &5 OMLET 4 —F v [ EEBE LRV 2 DE RN T
LDMLT7 4 —F v L LTV
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Machining sequence
1
Overlapped
2
Overlapped
3
Overlapped
‘ S
Unoverlapped }
Parallel machining features
5 (Machining sequence 4 and 5)

Fig. 4.8 Parallel machining features

=T, K49 DX ITIINEFARE SN TMLY  —F v RS n=%Ha, L
NEfF 1 &2 DITL7 ¢ —F I3l FdoBmE S RICEET 528, LIEF2 & 3 ol
L7 4—=F X FEELRNZD 2 ORI TT5ML7 4 —F ¥ &L LTIV S.
[FERIC L CHIENERS 4 & 5 ML ¢ —F ¥ RN LT 2ML7 4 —F v & LTH
DS .
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Machining sequence
1
Overlapped
2
Unoverlapped } ' ]
3 Parallel machining features
(Machining sequence 2 and 3)
4
Unoverlapped } ’
Parallel machining features
5 (Machining sequence 4 and 5)

Fig. 4.9 Parallel machining features in another pattern

ZoEHIZ, RNTZZEL TERONLY 4 —F vy 2R —ONTIEFET 52 L
ARG EN DY, INTERRESAEE Y — N A LAOERLEMRPBFSND.
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AREITIE, R LR T2 AREL T2 REFIETML Y 4 —F ¥ 2Bk 75 2
ETCEDOHEMMAHR L. iz, @S hLY 4 —F v ICLEXRHEZmL, v
2 L=y g UK VN Z2 Pl L, #0852 2 & RPN T O RIS OV T HRGEE L7z,
MR 2 L RN T2 BB 5720, B8 LB THITE | FEHI 26 & x5 5
2 fEHIEH, BEXOTMUIANMESY Ly hERETHHbOE LTS, Fiz, THELTH
B L bEHI i S A ~, WINLTHDORE Y A K, 7T 4 ZMLEHIZ3FEOA 7 =T
TR (04, 6, 8mm) ZHEEL, ¥—=v 7 LIV T OMWETMLARERES
IS —= 7@ U, 72, UIHIGMIEE U T EOIESRE B O HESE 4o % 1
L, =V FIWIFERFREREREDO DX W, fET R MK & B Z X
410 1R T, 7272 L, AREITCIEIERE X & FREIN ToA AEOMRO -0, MTIEFO
WEFMHFITTERNT 7o —F LT WL OZEIEL, AlmE O D7 <, Bl OR
HRENARENEDNLED Y TLHHEMEL L.

(a) Workpiece shape (b) Target shape

Fig. 4.10 Input information for case study

451 EEFEXZLREREMNMILERFDORWVWRIZ—
RE =V AL LTHRFEZ RN TR DR WEETITL 7 4 —F v 2585 L
7 WEENENT 7 4 —F ¥ 250 L TRRHOER A2 £ 4.1 10RT.
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Table 4.1 Process planning for Pattern A

Machining sequence Cutting conditions
Machining feature (B)
Generated surface 1
Area 9503 mm?
Cutting method Turning
Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Machining feature (B) +(a)
Generated surface 2
Area 44139 mm?
Cutting method Turning
Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Machining feature (B) +(a)
Generated surface 2
Area 21441 mm?
Cutting method Turning
Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Machining feature (B) +(a)
Generated surface 2
Area 7775 mm?
Cutting method Milling
Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Machining feature (B) +(a)
Generated surface 2
Area 2670 mm?
Cutting method Turning
Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
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Table 4.1 Process planning for Pattern A (cont.)

Machining sequence Cutting conditions
Machining feature (D) + (a)
Generated surface 3
Area 17122 mm?
Cutting method Turning
6 Cutting tool Cutting-off tool
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Machining feature (D) +(a)
Generated surface 3
Area 11270 mm?
Cutting method Turning
! Cutting tool Cutting-off tool
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Machining feature (D) +(a)
Generated surface 3
Area 4869 mm?
Cutting method Turning
8 Cutting tool Cutting-off tool
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Machining feature (K
Generated surface 2
Area 1212 mm?
Cutting method Milling
9 Cutting tool End mill R4
Feed 500 mm/min
Spindle speed 6000 rpm
Axial depth of cut 2mm
Radial depth of cut 4 mm
Machining feature (D) + (a)
Generated surface 2
Area 4869 mm?
Cutting method Turning
10 Cutting tool Cutting-off tool
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
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Table 4.1 Process planning for Pattern A (cont.)

Machining sequence

Cutting conditions

Machining feature @)
Generated surface 3
Area 1921 mm?
Cutting method Milling
11 Cutting tool End mill R4
Feed 500 mm/min
Spindle speed 6000 rpm
Axial depth of cut 2mm
Radial depth of cut 4mm
Machining feature (K) + (b)
Generated surface 3
Area 1375 mm?
Cutting method Milling
12 Cutting tool End mill R2
Feed 500 mm/min
Spindle speed 6000 rpm
Axial depth of cut 2mm
Radial depth of cut 2mm
Machining feature )+ (b)
Generated surface 4
Area 1878 mm?
Cutting method Milling
13 Cutting tool End mill R3
Feed 500 mm/min
Spindle speed 6000 rpm
Axial depth of cut 2mm
Radial depth of cut 3mm
Machining feature ©
Generated surface 5
Area 1512 mm?
Cutting method Milling
14 Cutting tool End mill R4
Feed 500 mm/min
Spindle speed 6000 rpm
Axial depth of cut 2mm
Radial depth of cut 4 mm
Machining feature ©
Generated surface 5
Area 157 mm?
Cutting method Milling
15 Cutting tool End mill R2
Feed 500 mm/min
Spindle speed 6000 rpm
Axial depth of cut 2mm
Radial depth of cut 2mm
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Table 4.2 Process planning for Pattern B

Machining sequence Cutting conditions
Machining feature (B)
Generated surface 1
Area 9503 mm?
Cutting method Turning
1 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
Machining feature (B) +(a)
Generated surface 2
Area 28588 mm?
Cutting method Turning
2 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
Machining feature (B) +(a)
Generated surface 2
Area 21441 mm?
Cutting method Turning
3 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
Machining feature (B) +(a)
Generated surface 2
Area 7775 mm?
Cutting method Turning
4 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
Machining feature (B) +(a)
Generated surface 2
Area 2670 mm?
Cutting method Turning
5 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
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Table 4.2 Process planning for Pattern B (cont.)

Machining sequence

Cutting conditions

Machining feature (D) +(a)

Generated surface 3

Area 4869 mm?

Cutting method Turning

6 Cutting tool Cutting-off tool
Feed 125 mm/min

Spindle speed 2000 rpm

Depth of cut 2mm

Spindle Main

Machining feature )

Generated surface 3

Area 1921 mm?

Cutting method Milling

Cutting tool End mill R4

! Feed 500 mm/min
Spindle speed 6000 rpm

Axial depth of cut 2mm

Radial depth of cut 4 mm

Spindle Main

Machining feature )+ (b)

Generated surface 4

Area 1878 mm?

Cutting method Milling

Cutting tool End mill R3

8 Feed 500 mm/min
Spindle speed 6000 rpm

Axial depth of cut 2mm

Radial depth of cut 3mm

Spindle Main

Machining feature ©

Generated surface 5

Area 1512 mm?

Cutting method Milling

Cutting tool End mill R4

9 Feed 500 mm/min
Spindle speed 6000 rpm

Axial depth of cut 2mm

Radial depth of cut 4mm

Spindle Main

Machining feature ©

Generated surface 5

2 Area 157 mm?

y @/i) X Cutting method Milling

10 o B 4 /,,\\’ Cutting tool End mill R2
4 [ ,/,/ /0 Feed 500 mm/min

\ Q Uiy Spindle speed 6000 rpm

by 5 L 4 Axial depth of cut 2mm

Radial depth of cut 2mm

Spindle Main
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Table 4.2 Process planning for Pattern B (cont.)

Machining sequence

Cutting conditions

Machining feature (B) +(a)

Generated surface 2

Area 17750 mm?

Cutting method Turning

11 Cutting tool Bite
Feed 125 mm/min

Spindle speed 2000 rpm

Depth of cut 2mm

Spindle Sub

Machining feature (B) +(a)

Generated surface 2

Area 10740 mm?

Cutting method Turning

12 Cutting tool Bite
Feed 125 mm/min

Spindle speed 2000 rpm

Depth of cut 2mm

Spindle Sub

Machining feature (B) +(a)

Generated surface 2

Area 3142 mm?

Cutting method Turning

13 Cutting tool Bite
Feed 125 mm/min

Spindle speed 2000 rpm

Depth of cut 2mm

Spindle Sub

Machining feature (K

Generated surface 2

N Area 1022 mm?

, % S/m Cutting method Milling

1 WY 4 //»/\1 Cutting tool End mill R4
-~ ” / [/ 0 Feed 500 mm/min

\\ k& ivzi Spindle speed 6000 rpm

\k Axial depth of cut 2mm

Radial depth of cut 4mm

Spindle Sub

Machining feature (K) + (b)

Generated surface 3

) Area 1375 mm?

L //% >) Cutting method Milling

15 ‘”\7 / /’ ] ‘ Cutting tool End mill R2
< ” Feed 500 mm/min

@ Spindle speed 6000 rpm

K Axial depth of cut 2mm

Radial depth of cut 2mm

Spindle Sub
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Table 4.3 Process planning for Pattern C

Machining sequence Cutting conditions
Machining feature (B)
Generated surface 1
Area 9503 mm?
Cutting method Turning
1 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
Machining feature (B) +(a)
Generated surface 2
Area 28588 mm?
Cutting method Turning
2 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
Machining feature (B) +(a)
Generated surface 2
Area 21441 mm?
Cutting method Turning
3 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
Machining feature (B) +(a)
Generated surface 2
Area 7775 mm?
Cutting method Turning
4 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
Machining feature (B) +(a)
Generated surface 2
Area 2670 mm?2
Cutting method Turning
5 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
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Table 4.3 Process planning for Pattern C (cont.)

Machining sequence Cutting conditions
Machining feature (D) +(a)
23 Generated surface 3
Area 4869 mm2
Cutting method Turning
5 Cutting tool Cutting-off tool
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Main
Machining feature )
Generated surface 3
Area 1921 mm?
Cutting method Milling
Cutting tool End mill R4
6 Feed 500 mm/min
Spindle speed 6000 rpm
Axial depth of cut 2mm
Radial depth of cut 4mm
Spindle Main
Machining feature ) + (b)
Generated surface 4
Area 1878 mm?
Cutting method Milling
Cutting tool End mill R3
Feed 500 mm/min
Spindle speed 6000 rpm
Axial depth of cut 2mm
Radial depth of cut 3mm
Spindle Main
7
Machining feature (©
Generated surface 5
Area 1512 mm?
Cutting method Milling
Cutting tool End mill R4
Feed 500 mm/min
Spindle speed 6000 rpm
Axial depth of cut 2mm
Radial depth of cut 4mm
Spindle Main
Machining feature (©
Generated surface 5
Area 157 mm?
Cutting method Milling
Cutting tool End mill R2
8 Feed 500 mm/min
Spindle speed 6000 rpm
Axial depth of cut 2mm
Radial depth of cut 2mm
Spindle Main
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Table 4.3 Process planning for Pattern C (cont.)
Machining sequence Cutting conditions
Machining feature (B) +(a)
Generated surface 2
Area 17750 mm?
Cutting method Turning
9 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Sub
Machining feature (B) +(a)
Generated surface 2
Area 10740 mm?
Cutting method Turning
10 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Sub
Machining feature (B) +(a)
Generated surface 2
Area 3142 mm?
Cutting method Turning
11 Cutting tool Bite
Feed 125 mm/min
Spindle speed 2000 rpm
Depth of cut 2mm
Spindle Sub
Machining feature (K
Generated surface 2
N Area 1022 mm?
//{ ; Cutting method Milling
1 N/ Cutting tool End mill R4
™ »" Feed 500 mm/min
\\ kK ' Spindle speed 6000 rpm
o \k Axial depth of cut 2mm
Radial depth of cut 4mm
Spindle Sub
Machining feature (K) + (b)
Generated surface 3
Area 1375 mm?
‘ Cutting method Milling
I/ 44 - Cutting tool End mill R2
13 4 / ﬁ’ Feed 500 mm/min
Q " L Spindle speed 6000 rpm
\k Axial depth of cut 2mm
Radial depth of cut 2mm
Spindle Sub
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454 VIalb—va ik BMTREOTH

451 THNG 453 THT/RLIZ/NZ —2 A, B, C O TREGHFF% HZ DP Technology H
CAM Y7 b7 =7 ThH2DESPRITICAN T2 E CLARKAZRFML, v Ial—va
AKX VMR Z PRI L2, PRSI TR Z % 4.4 1R 7.

Table 4.4 Comparison of estimated machining time

Pattern A Pattern B Pattern C

Time [min] 35.29 29.52 28.16

INLEEE N2 —2 A, B, C DIETHELS > TN, N2 —2 A TEE 4.1 OINL
IEF 6, 7, 8 DX MO/ N2 — X0 B K411 IR X9 RN TICHY 5 TLHIT
T4 —=FxDEL Db LROYNAZEHEDHE A, UIHIEMARS 22 LT
TR BIER WD EEZEZx DD, —F, ~"F—2 B TR (b) [T EIICHET
TEBN R 4.2 OINTNER 11, 12, 13 O K 525 2 Fefl i <L 2 2 & CMlimhn T
CED B THNLD, MLEFEAEMRS LTS, b, ~F—r CTIINLY «
—F ¥ ORI Y — B ERIUEN, 43 OMILIERFFS, 7O X122 20MT7 «
—F v B 412 O XD ICFERFHZIN TSN 5 72D RO T TREDN D, TR A
HEL o TND.

(a) Grooving in Pattern A (b) Side turning in Pattern B

Fig. 4.11 Difference of selected cutting method
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(a) Sequence 5 (b) Sequence 7

Fig. 4.12 Simultaneous machining in Pattern C

46 bV

ARETIE, L0 BEMREEE2ETHEEMTHEE RIS, 92 el Efz A 70k
Bz e, TMUIHAMEZ Ly FEHWEREFT ORI L2 /8IS T 572D L7 4
—F v TFIEARE Lz, BAETRR G5 1 eH) Fhi & 5 2 Bed) Edb i T4~
SR A 3 EIT 272D OUlrE 2 L, MR & BERRZ 5 L T4 i< H
SRR A FIERT D2 E CTLERONRFZ 2 EHATH-00MT.7 4 —F v O %
FH LIz, 61, BWESNINMLT 4 —F ¥ O bidifd 5 2 DOMLT 4 —F v I
EHL, ZRORE—OMLFEZRRAETHY, EWVICEFELRWVINLTY +—F ¥
ThdZ a2 & CRIIMLARERMLY + —F ¥ O & FEBL L. £z,
RBETFHEOFAMEEZHERT 5720, 4.5 8iCIEE 2 EHEHMC T AMEY Ly N 2F
TOHHGEEREL, ML7 4 —FT ¥ ZBikT D75 —ARAZT 1 &iTo0z. £l2, ¥
L—a KO MTRE TR 2 2 & TRUY AT AOFE L, HEFRRZ & RN
TOMRER L. EREZEREMLEZZBE L TNLY + —F ¥ 2Rk T 52 & T
THRERNIRALE 720, &2 el Elh e WmE X Ly N EAT 58 G IN THEOMRE 415 H
L7k 0 @z R TR EOENZ T L
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51 IXC®IT

3WILETNAVEIERTHZET, THA U oket, #Hl, £E~EEDLV — KX A
LD DFEMEPIIF S DD, BUROAEREBL TII-HEAESRMTAZ, FKEMHEIR 7
EORGHEMEZ G 2 W2 AT 256 62%<, 3RTET LV EZHoITiEHL &
TV, 22T, HARHBIHETHES (JAMA) XEHIEHRENEEWS (EITA) 72
ETIE,3WILET M2 REMHMZZZ I L TRGHEREZZO OS5 L I L7z 3D H
B & RS 3 OB BT 2 A 2 6ilE L CEH LTS 3939, 2512, HE#
I EDLT, 3 WK ZEE(L L CREFELZREL, 7 MERE & EHE OF
Pz m ESE57), 7Y AENRERR (DTPD) (2T 58Ik B A PEZE RIS

(JIS) ITHIE S T2 9. DTPD Kik& DM 2 [ 5.1 (2777, DTPD TIXX 5.2 IZR
T X973 o ERA TS v BDA 5 L) LWEHEND, 3RIC CAD V7 LY
= 7 CHER L7 3 ROCET WICRTAERLREMEIR R EEEHEMAETEL LI LD
OILT, FMIIRT K O I E BEEERCMITBEEF R & a7 o2 VB TREBLT
HHDTHD.

{ =& Y\ [ bmu )

Fig. 5.1 Outline of DTPD?*®
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Fig. 5.2 Example of display in 3DA model*®

— 5T, TNETOMLT 4 —F ¥ ORI T DR CTIIANEEE D, 3 KILE
TODEREIE & WV o T2 R FRIRERICEA LTNL 7 4 —F v 23k L T& 2. Z
D=, ZHETOMLT ¢ —F ¥ iRk FIEL ITH S 7c TRRGECIE, BiTRzEe
RS2 EORGHER BB SN TBO T, FEOAROEX ZHM T2V HE
WD, T T, WEDIRTHRK OB EZ S5, HEMRICA G Sz g mMAZER
EORGHEMEZR L TINLY 4 —F ¥ 28T 2 FELRET L. kB, AT
WERD 3 WICET VOGRS HEZEDO KM A2 ERE KNT 5720, FBRIERTH
DA A FERR MM S 2 FrICiREHEH & PR T 5.

52 BREEHESBLEZNLTTY I7 4 7OBE

ARBFFETIX, BERIRE L TRMAELR EORFERPIM G S - 8RR 2 R 3
D0, BREFERARGL, BREAZEELTNT Y 27 4 72 RG22 08iz 2 hE
TEREETHY, A2 L7Y 7 4 7OMEEREIG NS, BT, 53 1R
TEMR & RFHER A FFO HIREREANFRE T DL, K54 (2) DLIIT2 200
T7VI7 47 A BAEGEND. 22T, BEBROREIZER LEICRHE R
M5 INTWgE, CORPNEENDERERRLMT TV I T 7L LTHEIL
THET DL, MLTEILEDOMIBREDERIZL > TREMEHR A W2 Z & R
Lanbsd. T, AR TIE, HIERROBEHERIM S5 S zmx AT ML
TVIT 4 7%, FK (b) OXICMLETIIT 47 AHB L LTHAET D, 61T,
REHMEROAT G S BARIROWEIZHT DRI E ~ & REHERZ G S & T, [
—TERTNTENDZMTTII T4 7 LTBRYVIES. ZhICX Y, [FU&GHEHRE S
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DAL, MITROERLE LCRIMFRERZT 220OMLT Y 37 1 71
@exs.

Face with specified geometrical tolerance
or surface roughness '

(a) Workpiece shape (b) Target shape

Fig. 5.3 Input information

- Machining primitive A Machining primitive B

A+B

(a) Acquisition of machining primitives (b) Combination of A and B

Fig. 5.4 Combination of machining features with same design information

53 BWEHEREZBRLEMIIEFORE
INETOMLY 4 —F ¥R FETIE, BELZMITY I7 40 71Tk LT, ARk
HOHELMT Y L7 4 7 ORI E, ZORN H15 558 7RI IS
WOMMTIEFZEID Y TTWe., 207, HEOMLTY 7 ¢ 72 UREHEH
25 TWThH, ERHDBIRN B LD B FRIRIERD O A 2 T8 2N TNE
FeRE D HTHiL, MLTROAERICLFEFHEFRZEE LR2WEERH L. 22T,
A CRREHE A A L7Alpim 2 AT 2 M7 Y 7 ¢ 71 L CRl— O T 2 F
WHBCTHZ LT, BEOMLTVIT 472 1HOMLTIIT 47 LTV 2
ECMTTRZENT S,

F7o, REHERE L TSR 2 BMAZTFEESCHRE R EORKZD b DI 5
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TELHMBIR L, SATESCHEEE 2 &7 — 2 A L OBMRE BLE T 2 BIEZRIZ0T 6
N5, FICBEEEEZEDINT Y X7 0 7ICB8WT, EHELRLT7—2 AL DREY
WtIZ T 2720, MLIEFZ3ET 2RI bREHERZ 2RI 5. 22Tk, MEEK
EEM T I T4 TIESRITRET XL 230NT7T I T 07X btk &7
LEIITIMINEFZFD S TLHEHI2T 5.

Bz, K 5.5 OFEMIZIR E BIERRSIEKS.6 DX 53 EOMTTY 17 17 C,
D, E B’Effaind. 22T, HEBROREGA TR LICEHIIFOOHREZT —% LET D
PATEE, #kao 2 SEIFIBAERZFOHNEELRL TS, ZALDIMLTTY X7
A 7K LT, BAEMRERTHIMT 7Y 2T 0 TOEBERARE VSO0 ST
FFaEl0 B CRGaE, RIS LT Y X7 4 7 CAMLIEFAFID Y Tond. Lal,
MLV X7 47 CEEERETHLATEZEDM LTI T 47 ThY, Z2RF~
ET—HLEGUMLT Y IT 47 DAEATLONLIEFREZHV Y TE. ol ¥
STIWCRTECERVOMLT VI T 4 7MLV 7 47 D LOHFHINRES
M, MEFVIT 47 CIEC & GIzmElsi, ML7YI7 47 EIXE & EIcnH
END. ZoHEESNTZMLTY I7 4 71k L TERBORE W OB L TINL
JEFF2FID Y TEH LS8 DEIICCl, B, C, E2DIAEE Y, FAl—0O&GFHERE G
MLZFYVIT 47 ThoTHMLIIENRDEENTLED. Z07, K 59 IT7-7T X
IICF CRRFHEM A Z A TWIZIMIL T Y X7 47 Ci & Co & Cra, [FAERIZE & E2 % Ein
ELTHEISNTZMT TV I T 4 72541 oMLY I 77 LTROHFY, =
TR E L THRBEOAR B KEWIEIZ Cro, Eie &5 X 9 ITINTNERF23EI 0 2 C
L.

Parallelism

Cylindricity

b) Target sh
(a) Workpiece shape (b) Target shape

Fig. 5.5 Input information
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Machining primitive C

Machining primitive E

Fig. 5.6 Acquired machining primitives (C, D, E)

. Intersection volume
Intersection volume

Fig. 5.7 Division of machining primitives

Sequence 2 Sequence 3 Sequence 4 Sequence 5

Fig. 5.8 Allocation of machining sequence based on divided machining primitives
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Machining sequence 2 (C1+2) Machining sequence 3 (E1+2)

Fig. 5.9 Allocation of machining sequence considering same design information

54 BEOMLTY IT 4 7T TERRISNDIMIT 4 —F % DR

B LIZINLT 7Y 27 40 70K, BIRRE OB A TS TINL Y 4 —F v i
Riksns, LrL, ZRETH1I2OMTTRICIEOMTFY 25 4 7 LIMVEEL
BRNZEEBEELT, EMLTY 7 4 7 ORRSLALAOERN ST 7 4 —F v &
Rk L T e, — 0, AR IR CREHERB M 5 SN RO ML) X7 4 73
FAET D5AIE, MLTRZFA—ICT 5720, BEOMLTY I 70 720G LT 1
OOMLT 4 —F ¥ & LCRi#kT 5. 20w, F-—FE <R —MfEm icFEET 5
ARk Z 1 SORAIKE &7 5. 2K, EEOMLTY 7 ¢ 720 LRI
BWTYH, AIRAOECHAEE AT 7 4 —F ¥ 2T 5 Z ERAREE 12 5.
Bl Z2IE, K S510RT2EOMLTY 27 40 71280, EEOMLT Y 7 47 )
DI ENDIML7 4 —F ¥ ZEL TWRWIEROFIETIE, MLV 174 70R
e & AR OF A B 5.11 (2) O X HIZERENEFEROMT T 4 —F v Th 5 (K)
Step, (F) Face P & B2 5f DMLY 4 —F v & LTI ND. —FH, ZHbD
T7Y X7 4 7R UREHEHRA T 5 S WA, FR (b) o X o2 @omT>
U7 4 7ORIFKED 5 BIE—Fil LICAEST DRI 1 DOAIKE &AL, &6
WZ2MHOMLT7Y 7 4 73 RICEF KR TH L0, EHFRROMT7 4+ —F ¥ ThHDH
(K) Step ELTC2MHOMLT Y I T 4 72@AFE LIELETHTHMLT7 4 —F v &
LCHikENs.
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Machining primitive

Fig. 5.10 Machining primitives having same design information

Step

/

FaceP M~ - Step

-
Seo
-

Generated surfaces
on the same plane

(a) Plural machining features (b) Recognized machining feature

Fig. 5.11 Recognition of machining feature for plural machining primitives allocated the

same machining sequence

55 F—RRHT 4

RAtEHREZ 2L TNLY 4 —F v 20T 2B TFEOA MR 27207
—ARBT 4 AT olc. WS IR TREMIBIR & BIERIREZ AERE LT, BERIR
D& LTCHEIZIZFEK (¢) DJMIAZERCEKEM I 72 & ORFHERPHESN TS Z &
ZEE L. 22T, AUATEAINCEIT, FrESCHEERED XS ITEEKZED
H DI TE D HMIPRDORMAZETITHBAZREZAFL TNDH I EE2RL, EOfh
DGETFR —ORFHERPMFESNTNDH I EEERLTND.
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Red | Datum A

Blue | Cylindricity

Green | Parallelism (Referring A)

Purple | Surface roughness

(a) Workpiece shape (b) Target shape (c) Design information of target shape

Fig. 5.12 Input information for case study

TDF—ARET 4 TIE, THNETOMLT —F oM L LT, S22
WMCTHLEEORENNL Y I T4 7PN TNEFZED B TTINLY 4 —F ¥ 27
Lo —rv e AL L, F7o, 8MFNRERIONZ, RiHEHRE 2B L TINLY
VIT 447G LTMLE7 4 —F v Z@ak Lo\ ¥—% B, & OITIINERFZRE
TOBRICOREHERESRLUTNL Y 4 —F ¥ @ik Lo — % C L L.

AN ENTHFEMTIR L BEIRD 2SS & L TELNLBEFEE» LM T A 27 47
EHUF LIZRER, NZ = A TEERSIICART R 10EOINTLTY I 7 ¢ 73 HfG S
nNTns., —J, " —2B & CTERS2IRTIIC6BOMLTY 7 ¢ 7 W
BFEINTWND., ZRHDORY = TIERGHERZ SR L T, KEHERB 5 Sl BAR
FBROEZILETHMLTY I 7 4 THREEG S, R — ATERIOMLTY I 7
AT 4PE8ELTHGENTWESHEOMTTY 27 4 728 1 EICES STV,
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Table 5.1 Acquired machining primitive in Pattern A

Table 5.2 Acquired machining primitives in Patterns B and C
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NRE—V ATRBSINTZMLT 4 —F X L ZNOOMLNEF 2K S53ICE LD TRT.
RE—2 ATEESIOMLT Y I T 47005, EEOKZWIEIZITNERF 250 24T
BRISHMLTY I T 4 7OHREHSZRELT, MLT7 4 —F v OFEHEOHEZ MY K
TZET, BEMCI6EOMT T I 7 47 L 6 FEOMLY 4 —F ¥ BRI T
. MTNER2 206 4 OMTTY 7 ¢ 71ER U atE WA F5o BAERR o & [[— o
Vi EZHDN, MLETI) I T4 7BRESNTEL T, RALMLITRE RS> TS
F72, MLNERF S, 6 MLV X7 4 7 b IA UskEHERZ £ AR OmE & [F/— D
fai Ll d 203, REHEREZSRETICRMANRERTH 2BEBORE SITHESNT
INTNERF A2 EN 0 Y TR, AFSNZRZR LML TRE STV,

Table 5.3 Recognized machining features in Pattern A

Sequence 1 Sequence 2 Sequence 3 Sequence 4

(D) Split face C + Boss C (J) Open slot (K) Step (K) Step
Sequence 5 Sequence 6 Sequence 8
//'.‘- ™\
(PR

(B) Face C + Boss C (A) Through hole (K) Step (K) Step

Sequence 9 Sequence 10 Sequence 12
75, V- V-
.5"; { /‘\ \'« y. R : ‘;5"? /’ "T\ \‘- y TR : ,‘/"" ; ‘l‘ ‘1‘, 7 -,
N | i L | e, Ly
Wl WM
(K) Step (K) Step (F) FaceP (F) FaceP
Sequence 13 Sequence 14 Sequence 15 Sequence 16
,\ A v‘/;\.‘- A /"v' N
(VR 2n (VR 2n (DR 2
‘n" I ,,v/. ‘.v. v;'l ;‘/'. ) ‘.I‘ ‘|!' "," I/ :
'U'" | |UmA
WA N | | W

(A) Through hole (A) Through hole (K) Step (K) Step
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K54 Z—2 B TRSESNTZMLT 4 —F v EIMLNEFA2F D TR, 22T
X, RS520MLT Y IT7 4 70 BEBEORKEZ VI TIERF2E10 24T, HAEHIZ 10
EOMLTTY I7T 47 L 6 MEOMLY A —F ¥ BB SLTVD. K537 TED
(ZNF = A TIFINTNER 2, 3, 4 DX ICHBISNELRLINTINEFAE D B THRT
WIZMLEZT Y 2T 470, R54IRT LAY —2 B TlERHEREZZRL TINL
7T 4 TRSRRCHEAE S, R LR XM INEFY 1 oMLY 4 —F ¥ & L

TR SN TS, —J, IMTIEFORE CIERFHEREZ SR L T 5T, ILIEF 3
4MTNERE 5, 6 DIMT.TYV 7 4 772 EIEA—ORFHEREFF-> TWDH R R HINT
THRLER>TVND.

Table 5.4 Recognized machining features in Pattern B

Sequence 1 Sequence 2 Sequence 3 Sequence 4

(G) Closed pocket (D) Split face C + Boss C (B) Face C + Boss C (A) Through hole

Sequence 5 Sequence 6 Sequence 7 Sequence 8

(F) FaceP (F) FaceP (K) Step (K) Step

Sequence 9 Sequence 10

(A) Through hole (A) Through hole
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[FIERIZ, N2 = CTRESNTIMNLT 4 —F ¥ CIMLNEFZ2 £ L O TESSITRT.
WRE—=2 CTIETEOMLT Y I T4 7L 6 EEONLT 4 —F ¥ BRI NTND.
JITNERF 1 OMT. 7V 2T 4 71384 — > B LRBRICHREHERZ 20 LTRSS LTS
STV I T 4 7HRR—TRERD LT TNEFAED ¥ THRLTWD. £z,
RE— 2 B TIEESAOMTNERF 3,4 O LT TREIZOFE S TW 2 @O TrY X7
4 T, NF—2 CTIMINER 3 OMLTRIZEN SN TS, 612, £l
2EDOMLTY X7 4 7 ORI TH S 720, R—MFEE EOAIKEZ 1 >DA]
REE LCHROI D 2 & ¢, AMRIROMT.7 4 —F % TdHs (B) Face C+Boss C & L
TSN TS, RERIC, "% —2 B CMILIE/F9, 10 DMLTREE 725 2 EOMNT
TV T 4 TFNE— 2 CTIMLIER 7 ICEHN S, F—MfEE EoAlkiEZ 1 o0
AlRkE & LTV S 2 & THARROI T 7 4 —F % TH 5 (A) Through hole & L TER
WENTWD., —F, REZ—2 B TIIMIIEF S, 6 DIMLTEEZRZ 2 EoMML7Y
T4 T I TIRINTNER 4 OMTTRICENSH, ZORRPESRRTH Y F—
FHEROAKE A 1 SOAIKE E LTRVES Z& T, BEHFRROMNT? 4+ —F+ Th
% (F) FaceP & LTS T\ 5.

Table 5.5 Recognized machining features in Pattern C

Sequence 1 Sequence 2 Sequence 3 Sequence 4

(G) Closed pocket (D) Split faceC + Boss C (B) FaceC +Boss C

Sequence 5 Sequence 6 Sequence 7
// Y \ R /I\K \ R
| LA )] /AL |
(K) Step (A) Through hole
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UEDFEREND, BEFIEICL S TINT Y 27 ¢ 7 OFH e & OB 2RO
HZFESLKGHE LR RLZIM LT I 7 4 7REG S, [F UskaHE @A 5 Sz
TFIVIT 4T H1OOMLTIVIT 47 ELTERVELD Z & T, BAIAESCTKEHS
REDOHFERESR L TINLY 4 —F ¥ DN ATRETH D Z & 2 Lz,

ZITEDBIL, NF—r D E&LTKS12 (b) OHRERRIZENT, 5 Ikt
TEMEEE L B E R 513 1R T . A LmEIiZFEK (b) R L7 EHE
BfF5-Sh, RCAaTEHEAINZmE, RUHEHERTHLZLEEZRLTND. £z,
INTNER L 82— C LRBRICERGHE WA B L2 b, BT MR e L TNTY
U7 4 7T OERBERREND OB L THE Y 4T,

Purple | Datum B

Red | Coaxiality (Referring B)

Blue | DatumC

Green | Parallelism (Referring C)

(a) Target shape (b) Design information of target shape

Fig. 5.13 Input information for Pattern D changed design information

56— D TRESNTZINLT 4 —F ¥ EMLNEFA2 £ LD TRT. 22T
X, BEOMTZY I T 47 L 6 MEOMTY 4 —F ¥ BB IN T\ 5. atEmRE
ERLIZZ &T, oFFHEnImd 5/372—2 C LITR R M TIAFAEID ¥ THHT
ML7 4 =F ¥ B SNTND ZEDHERTE 5. BlxiE, £ 5.6 ODMINERF 3 25
SOMLTYIT 4 77 ENE, ¥ —2 C Tl sHESZ2 o BERROR—FE ki
FETDHIENS 1 DOMLETY I7 4 7ICHEEINTINLY 4 —F ¥ BBk ST
oo =05, RE—=VD TRHENLOMTT U T 4 TRRFHEREE LR, A
ENDHZERLBIZOMLET VI T4 7L LT b T, ZRENUINLT 4 —F v
DI, BRLZMTLTRELSTWD. Z2C, MTJEF1OMTSII T4 7 &
MITNEF2 DMLY I 74 7ICERBTDHE, MLV 7T 0 7 OEBIIMLIIET 2 D
MLEFVIT 4 TOHNRREND, HERAKTHLEBMELZZATHD. ZRT~ET
—Z NIMTNEF 1 OMLT Y I 7 4 7ICEFERTWDT2®, T 2 TIERIMINER 2 o
T IT7 4 7IZHAT U CRAIOMIIEFAF D Y ToinTw5b. £z, MIIERF 6 D
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LTI 2 HMOMLT Y 7 ¢ 703 E Uk atHE# A fFro7- 0, 1 DO L LRRICE
Kan<Tky, FA—FEmkoflkmz 1 >OAIRLE & L TR #%S 2 & TEGHRROM
T74—F%Ths (K) Step & LTSN TWD. [FERIZ, MTNEF 712880 TH 2
EOMLTY I 747081 DOMLLRIZENINT, BEHFRROMLY 4 —F % (K)
Step & L TRk s T b, 61, MTNERF 1, 2 OFA RS, IMTIER 6 o
TFVIT 4 TIET —F bukEH, ThiaS BT 5RO AT EORGHERZ Ko
INTNERE 7 MLV 7 4 74T L TONTIERFAE D ¥ ThhTnb.

Table 5.6 Recognized machining features in Pattern D

Sequence 1

Sequence 2

Sequence 3

Sequence 4

(B) FaceC +Boss C

(D) Split face C+BossC

(J) Openslot

(K) Step

Sequence 5

Sequence 6

Sequence7

Sequence 8

(K) Step

(K) Step

(K) Step

(K) Step

Sequence 9

Sequence 10

Sequence 11

Sequence 12

(K) Step

(F) Face P

(F) Face P

(A) Throughhole

Sequence 13

(A) Throughhole
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WNE—=2 C LN Z—2 D DORERNE, AERZIRANF CTH - T HAH G S s it E i
IS CTIMTZ Y 27 4 72 G L, INTNERF 2810 4 TR o gt Ema 2| L Tl
T74—F ¥ Z2RikT22LT, B THEKIEZEMTEDL I LaMR L.

56 BbDhIZ

ARETIE, THEO 3 RTEHHOE M ZZEIZ, (ERITBE STV RWERMAZESLR
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(a) Workpiece shape (b) Target shape

Fig. 1 Input information

Table 1 Result of machining feature recognition

Seq. 1 (B) Seq. 2 (B)+(a) Seq. 3 (K)
/ -l ~
N>, A\ 4 iS5 {/
b
Seq. 4 (L) Seq. 5 (L) Seq. 6 (L)
3 /2 %
= =
Seq. 7 (A) Seq. 8 ) Seq. 9 ©
) 77‘5 / ?\5 /’"\;
I {3 O
Seq. 10 © Seq. 11 © Seq. 12 ©
) 77‘5 / ?\5 7\5
'l ,( ( " \;‘\w
Seq. 13 © Seq. 14 Fillet Seq. 15 Chamfer
i VT‘; &
74 ~ 7 A — ;i'[/ 74 = ﬁ
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(a) Workpiece shape

(b) Target shape

Fig. 2 Input information

Table 2 Result of feature recognition and process planning

Machining sequence 1

Machining sequence 2

Machining sequence 3

Type of machining feature: (B)

.
%y
primitive

Type of machining feature: (B) + (a)

Type of machining feature: (K)

Ma
Tool Turning tool | Tool Turning tool Tool Square end mill (¢ 30 mmz
. - - . Speed 300 min
Cutting speed 200 m/min | Cutting speed 200 m/min -
Feed 75 mm/min
Feed rate 0.3 mm/rev |Feed rate 0.3 mm/rev
Depth of cut 5mm

Machining sequence 4

Machining sequence 5

Machining sequence 6

Type of machining feature: (J)

Type of machining feature: (C)

Type of machining feature: (K) + (b)

y o - =
=5 ;
Y >
Tool Square end mill (¢ 30 mm) | Tool Square end mill (¢ 12 mm) | Tool Square end mill (¢ 30 mm)
Speed 300 mint | Speed 750 mint | Speed 750 min-t
Feed 75 mm/min | Feed 125 mm/min | Feed 125 mm/min
Depth of cut 5mm | Depth of cut 2mm | Depth of cut 5mm

Machining sequence 7

Machining sequence 8

Machining sequence 9

Type of machining feature: (A)

Type of machining feature: (C)

)
- [

Type of machining feature: (C)

Square end mill (¢ 30 mm)

?gd poomm |Tool Drill (8 mm) | Tool Drill (6 8 mm)
P . | Speed 3600 mint | Speed 3600 min-t
Feed 75 mm/min . .
Feed 720 mm/min | Feed 720 mm/min
Depth of cut 5mm

Machining sequence 10

Machining sequence 11

Type of machining feature: (G)

&

Type of machining feature: (G)

- ST

Square end mill (¢ 6 mm)

Tool Square end mill (¢ 6 mm) | Tool

Speed 1500 mint [ Speed 1500 min-t
Feed 100 mm/min | Feed 100 mm/min
Depth of cut 1 mm [Depth of cut 1mm
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(a) Workpiece shape (b) Target shape

Fig. 3 Input information

Table 3 Result of machining feature recognition (w/o chucking switch, w/o parallel machining)

Seq.1 (B)+(a) Seq.2 (B)+(a) Seq.3 (B)+(a) Seq. 4 (B)+(a) Seq.5 (B)+(a)

Seq.7 (B) + (a)”
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Table 4 Result of machining feature recognition (w/ chucking switch, w/o parallel machining)
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X 4 DFMIEIR L BEERR A AR E LT, A (o) OfFsHEREZSRL TNLY

4 —TFT v BB LR ERO6ICE LD TRT.

Red | Cylindricity

Blue | Flatness

Green | Flatness
)T( Purple | Surface roughness
Y‘( >z
(a) Workpiece shape (b) Target shape (c) Design information of target shape
Fig. 4 Input information
Table 6 Result of machining feature recognition
Sequence 1 Sequence 2 Sequence 3 Sequence 4 Sequence 5

7

(B) Face C + Boss C (L) Closed slot (G) Closed pocket (K) Step

(K) Step

Sequence 6 Sequence 7 Sequence 8

(K) Step (K) Step (F) Face P
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X 5 OFRMIIR L BEERR A AR E LT, A (o) OFHE#REZSRL TNLY
A —F ¥ R Lo R AR 7TITRT.

Red | Datum A

Blue | Parallelism (Referring A)

Green | Flatness

(a) Workpiece shape (b) Target shape (c) Design information of target shape

Fig. 5 Input information

Table 7 Result of machining feature recognition

Sequence 1 Sequence 2 Sequence 3 Sequence 4 Sequence 5

]

| 2 4 peviia 2.4

machining feature

(G) Closed pocket (1) Open pocket (1) Open pocket (J) Open slot (F) Face P
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