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(Automated Tool Selection and Cutter Path Generation
for Die Cavity Machining)
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ZRAYoY 279 4 EYosRY k= B AES B3t A
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Q= Variant WA} Generative Wlo] gli=dl 2T £det it A3rt 3852
olom E3| Generative WAle] Al FTHAY oyt st FUsich [Pratt’84]
[Kanumury'91] gy PR AHEZAAY A= Holes, Prismatic parts &
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¥ AFE Holry] YECL vl AY7IRAN AHEEE 28 BAES A8 AR
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state= 7FR8iobd 42] B¥o| H1 HF states HFAFY FAdolelx w4 ot
au AEEFEAYE e BEAE PSS 27| stateR sl Jeo® FHS
AASHY A BY3Ate] XFE stateo] o]E Ful¥hY(Backward recursive approach)
& Hg3H= o] Ha3lrl. [Choi'85] olm) VAN stater} #F Statedd £2jF~to] X7
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= F3EE &+ »
3) AEHA o] JFsRt o B FoIA MR XA 3L wiEA H&4 ok
4) ¥ State oA F7} 2= Sw ulA Y ke State(Preform FH)& WHE4 Ut
5) Z7] State 8] ¥AARWo| TS State?] RTWE fMEm YA 2 ART2RE ZA H
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Figure 1 CAPP System for Die Machining
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7129 surface e e] FH HAPRE o] 83} Z-map BWE &=} 3P XYF
Hol| TS FAdY ¥ A2y AzE FHYoE YAsin Z A2 zHe HEHE F
2] ZZHe AT} ol Twe 7 gt AEF siAE A3 ¢eBT Z-map o|t FEr
Z-map AIBLZE HAto] AAHHA rlE el IR} vlast W FALE =
d 22N B3] oja 2Z4IUEY 2ygoT ANIHo] FAHASH LY EAE
s)dgs olthe Az} ololel 22| 7Y (Robustness), AHETFE2] Closeness Tl
Z-mapRYE 7|1 EHARYE A=stA © olfelth. Austd AFFEARE AMAME B
Aud uolete] zztzt wH¥o] ule o o|Eo| thshA A31’d(Robustness)zt
Closeness7} X3 E|ojo} 17| uFolt}. o
Bezier, NURBS-2] tj7ji<4 FARASRE vuj7is 2E Z-mapd B7E3H7] H8iiA
L 7} A=Y 738 BF Alalslodo} shel 23 MBS ¢lsle] thaat B2 dare
& 3LYch :
1) o7 4 2 EUSH= AlZ Majorizing BoxE xyBHAolN ZE (2¥ 3a)
2) xyBHAe] majorizing AN FUL HAAEES B
3) mi7iH4 FHoq txtA o g 27489l iso-parametric & WEY O] StripE 8%
(2% 3b)
4) StripolA 4Zt8e e zte] FAzte] FAEE=(maxnin) 4428 /4(23 3c)
5) HAY Atzl¥e] 3Ez} 2Bolre] HAHEE o|&3le] uuisiEs A2 Bezier
patch 34 ;
6) AMZI® % Z-mapF PR ] barycentric EZL u,v,wE AlASl AAEHA L IHE
o|2 Z-map ZX}PHS &ol| ALt

NURB Surface

(a) majorizing box (b) strip generation (c) triangulation

Figure 3 Z-map Conversion from Parametric Surface

Atziaint ga3e] A U8~ [Choi’91]oll AdEEo] 9lon] barycentric #HEZE ol
g3t uuisH4 A7 Bezier patch® FE AzbEgolE Aldshe W2 [Farin'88]
- ofl 2pMIEHAl dEse] olct

g0l AEE Z-map HIWYPL Y7IEE @ (Probe) 22 FPH 334 FFulolElY] B
< vz 2ge4 A3 B gHos 24Y B9 Al AEgeld WY (Choi’9l]E ol-&3t
o Z-map HHE ¥ AUTh
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4, SHIA 7H3e TEAY
£ Ao 22 HE 7HEu AIREE 7R ot AR EAe 1, ERX A
g Qe =& T3 EM AT nslct AR-EE JRZelA HE wol Al
£5= B o=y A (Finishing)2} 2l semi-Fnishing)ol] 2to]51 H A=l F4}
2} A} rough cutting)oll 22|l 3 dmwe ate] £8 29} Drill& Centercuto]
P 2FAME L ey o APy JHEo)] 2ol=t Centercuto] gt 3133 A o] 7Hs3l
A Z3e] Ud ZAloe FTdo] =2 wyict EM(electro discharged machining)&
dedg gEgds e 21 IYE2e 73S gished Ao AYstsict
QtollA] Generative ZAAYE 9% 7153 43124 AHAslgled £ dFolAs ol
g k23 o] At ARTH TAAYY A3 g EE A g
1) 299 Stateold AFBHAFE B3 dpales FHE AYshe E4e 74 FEE
7 xIHg Aoz A A B3 FyE dihs AE 4 EFHE Fo3
272] ¥4 R Scanning ol 77} A2 Eolds i BAYLE 1 FFE dske
gHatoll 71 A ARUS ole HAdolth, ol IR FolA FIFE Y FEAVF
THA 31 SAA A b TrXed e f3de] wWalgdo] Hel ghef ojuFgFFe] £
2to] dsh= stste FH Tolerance WjoflA] x}o]7} drhd 1 F+= state BY7Fs =
Ho] ¥l
2) AEHA Aol /s o7 FTHFoA M HEHY FF= HAMNESC] A F
H3 FFolrh. AMAAEEo| Arh=RL Ao A3 ALY FF(Hol/AF o] 22 FF)
& Ushy SASITh= A2 51 A JMedt 3= Drille] QleR39-E 1ea de F
FAo|2AE BEShe FE Wilich
3) 37 AAYY ulgbdt ok State(Preform )& WEZ] $i3iM= 8 Stated]
Machining Range%hE A13F SAA)71d "cl & AY¥ 375 7HEY AES © Stated]]
REole Holtt
4) 27| State 2] ¥ARHo] the Stated] RYE sMHw] F preformE THEUO=
x719] Al FRE WA o 3 B F2E FARch ole Z-map AESLZRI} S
of thdle] ©3al7] wiEeltt. olE A& TR Closeness 7} RAHCL Rich
Z-map H¥o] o3 ZAIAPEL BF Z-pap2 & HUSIH JFHELNS 43 EA7L
AleAAl Eo] golM AE Jed 272 UEFAI e e HEs ok A"
4712 7153 37 % A4z dojel MolAE eI FHE deoT APUS Y&
Fulae3 uiale] A TAAY ¢EE &5 dEd (2§ 4]0 2 Jido] A=Y
aoltl. 98 AR X7)] State?} EH= AEYHA H3l= AUEE 2Ju]sh= Tolerance, 1
2|2 AP 2 F state} 7 DB o] nix]ut Stateql 4B Aol o]Eufl 7Hx] FF
83} the State22] W3 (preform )& WHESIA 3ict
Recursive CAPP ¢4312]&
1) AE2 ¥ stateE B3US U= e 3 A B4
2) 7Fe¥ T A FolA 7MY A& T+ AH
3) A=l T3 E 3l thy state® HALE WBLIL Tolerance €3}
4) ¥ state?} %|Z stateo] o|Z2H stop
else goto 1)
#Aotsh= CAPP diie]&of ulet 7t s AP =A3os Jepd [18] 4] &
AR X7] state?} Z-map HElE HBH F R} JHFH ITo] f ZH clEW &
= S ¢ulsh= Tolerance?t Fol= Qlch. FwHz] WA(OE 4a)olM= dutdes &
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dle=mlo] AMREHE FARAS AYst Ak o oldE 20 m AL & d=wo] U
oo}k neln AR SATNE (A olHE 0.3m) IHE B3l thE ststeF 33}
31 Tolerance® 0.1mm oA 0.3m & #3}3}T}.

20 ¢ Ball Finishing
(0.3mm offset)

4>

0.1 Tolerance

(a) Part Geometry (b) Finishing Preform

30 ¢ Ball Semi-Finishing
(3mm offset)

50 ¢ Flat Roughing & Drilling
-

AN

(d) Final Block (c) Semi-Finishing Preforn

Figure 4 Schematic Description of Recursive Planning Logic

the YAME 22 33 E AYsheul [2Y 4b] o ol 30m EA=o] HHI
3m & WAA the stated AAstAth ¥ 50m R A=UE FAFFolA A=t
3 Al A9 thy stated 2F stateo] o|EA HBSH AN U ITE
degglons cuUFTE ¥rHHLE Musie] Fit AYFBE /RS ¥ch

Z-map 2] SubHo] th¥t 2MR A8 [Takeuchi’'89][Choi’91] Foll HBH] &
t}.

5. FFAE A58

B Ao ZAAY ulel HAY TFe FTIARE BEshs el oA S|
Az, Sz gAQl 2AAY] fREHE AYUH FreA o ©E FF 2L
2bctAle] state®Ael Preform Z-map BEFo] FolAch o|& o3t A FFHFEE nt
xa} chAlo N L3jELT

asle] AAAE ZFFHo: 7|¥H 2L Drilling, Pocketing, Scanning 52| 37Fx17} 4l
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€l & dedoint Wl deo] Aol F4FEE ¥ U= FF Scanning F2]
2eHc}. Scanning FFZ 2 JHEStEe FHE AMY FFUE P8 3 A
HZo] H F Z-mapg FHLVF 48 3 Z-wape AR W¥3 BEXHE 1
st MEYSIL FTFFE AA YA wiel HAELE FHAN FHEE QB3 wolEg Y
7ZRtE wao] it

&9 dewoly Wl de=do] AR EE ¥4 FHolM= Pocketing IFZEI F=
2peiEl = gAY [Pratt’84]olel Sele FFEE ¥ A2 ohe3 ek #HA
FBAY FHY 2IAE 229 7P 2ol AT HopEMNRE 2T Ay
Zo|gkg sl Bl ¥ £HHEE SR A Zo|uFY WFol yp FAEF
Hel Hahel olF wizhx] ¥ FHPHe R QY= Pocketing Z2E THEol HBYT ¢
AeEFE H sl ¥ [27 5]
1) A%t +3a3} SAIHe] 2dE F3lo] B 2] Pocket ZAFE 44
2) HHL2 Pocket T3 FA
3) $Z(loop) 4AL ol&3l ¥ T FIAFEE AASIL FAFHL Fo| H4

Y] B} zjotd wizlx] A4 34

(28 612 slekdd whieg BE 3 thste] 73 ¥ I Pocketing 377
2.2} Pocket FAFdolch

Figure 5 Pocketting Example

Figure 6 Parallel Plane Method
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E @dFolA AAISH= Z-mapg ©]&% Scanning, Pocketting F1ZE Aol 7%
2 e yo e g o] &Y JEe WA ulmste] FFAel ukE JH A A
7t dxzos wiA¥ Walolgls Horh, o] ¥ wuhrlo| Copy-milling?} F-AFSHAl Z-map
o] AL olg3le] FRLAEE A wiBef 7Esdlth. 125 Z-mapAlRTZE ©1 83t
Wz} Z7 olaAle] Ax) AAlerg Aatsts o] folslA Hol Zt Ne 5] FF %
58 ZAPO SN T PIE U AT JHssiA "ok olol oyt A dES
[Jerard’88][Wang'87]& ¥23}7] ujzict.

6. 2P JA 2] A& o

(23 7] ololA A AE 28 2o I Hajolth. FHY o], yeol, Aol of
2} 25cm, 20cm, 40cm A Eo|m AlZEY Axjg 2E ¥l [3¥ 7] Z-map AR
Vireframe B Mg AAsI] EYUY Hog Yawgo|don "2 FHY A28
Z-MasterA] ABloA] AL ZPolth. oA E o]-8H ofo]AnutA YL THBPRE o|-§3l]
Surface BdeolA o8 2ZAFHEE 29 Foch. 1% 2AIAES U Z-map
Byg washd (23 7] 3 T Hato] Hrh AAEE FFREY JHE AlEdeld ¥
& [2% 8,9]¢} Y}

(! Yoy
WIINK) ":,'fl‘:?’:f"l
)
e
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Figure 7 Example Die Cavity
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PR d=gd =UFZAFE 2= FF dlolel Mo AE o] &3l FHAYE BLsHH
Chat 22 u 33 2ould F7rt A JHEeAel wiA s A 500
Drill& ARg3ley siaydxste] E7Hsdt FAHAME I (Flat H)e] < FBE 7H3six
(Drilling) CThHZoll Wdh= A EAAM 3mE YA 50 ¢5HAE T8 Fahg ¢
tl. (Rough Cutting) T 0.3mmE YAED 300 & Jdewyg FA18 & F(seni-
Finishing) 20¢ & Jdew2 AN gt} (Finishing)

Figure 8 Output Tool Paths

Figure 9 Progress of Cutting Simulation
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[23 8] MAY E1o] Pocketing, semi-Finishing,Rough Cutting F-7% 2elA G0l
NC code E2h& Plotting ¥H2o|i [23 9]& 27|4zle] Padztet =4 F] Pocketing
27t A 2|3 Pocketing ¥ 42 BEE HoiF ot

7. AE

Aoty 2% TAAY YneZe 2R ool chsiy HeFPol AFEALL & A
NoHg nastd 2R3 7S Aysin aketd BAyl s JH3ulolelE 48 YUr
olelct. Ut ofr sAEA] e EAEE wWod olF BAEL ¥4l 473l Atk
& 27Yse] FUS AMHLE “E-map ARFZE Asl AF3F0l glod eledd 2
US3} 259 712 Featured A8l 7hgsh=Eal 222 718 ZA8%7Hsel 22

olc}.
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