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Automatic Tool Selection and Path Generation for NC Rough
Cutting of Sculptured Surface

Sung Eui Hong* and Kun woo Lee**

ABSTRACT

An efficient algorithm is proposed to select the proper tools and generate their paths for NC
rough cutting of dies and molds with sculptured surfaces. Even though a milling process con-
sists of roughing, semi-finishing, and finishing, most material is removed by a rough cutting
process. Therefore it can be said that the rough cutting process occupy an important portion
of the NC milling process, and accordingly, an efficient rough cutting method contributes to
an efficient milling process.

In this work, the following basic assumption is accepted for the efficient machining, That
is, to machine a region bounded by a profile, larger tools should be used in the far inside and
the region adjacent to relatively simple portion of the boundary while smaller tools are used in
the regions adjacent to the relatively complex portion. Thus the tools are selected based on the
complexity of the boundary profile adjacent to the region to be machined. An index called
‘cutting path ratio is proposed in this work as a measure of the relative complexity of the
prolile with respect to a tool diameter, Once the tools are selected, their tool paths are calcu-
lated starting from the largest to the smallest tool.

Key words : Rough Cutting (#27+8), NC Milling(NC 23 718), Automatic Tool Selection (RHe
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Fig. § Zigrag cutting algorithm

3.2 =xule| XX 7+E

3% HEme 9E 3t AW Ao AHed
Tagde YErEddE AASE 23% 7HEAE", o
A% 2D ¥4e ZzRdg JHEE] 8 Aoz
FTARE AYAHste T3REE Fig. 59 949 &4
ek siey

WA, o TEad THAE FPARY AN HE
FAE mEEe dA¥ez wE Zzdd dz¥e
Feta, o AP eE FH FTIAVE dFow &
AAA AA 3248 (boundary polygon) g F&4A =
=Y, °l& 37429 AA7 9

g9, 27 dAdge] FHA, Fig, 5904 £
ARl glejo & ke MES A, & F=7t
AUFH FYolFAEA A AW RY 28 wH
< 7oty o] nAES AHME QAN E Z29y 4
F44dE AAREe AaA TTHER(zigzag tool
path) 7} A4 @),

A geg, A4 4L wel shgsle Zadd
2 (profiling) 7Fe2 & 229y 7l5& wXA 9o

o A%E Az 7t danFE Tad
7HEel HEA7IE, 3 184 An Bgkd T4 gl
olvf ¥ FAl9] RE FASE AEY + e
ZFAEE o) § dEdAe AL JA "ot

Ynz|

4, AT}

okl
o

AZAA A9Y FPAHH F2AY 219FE0)
549 BB A3 1A FYHEAT A4

35

o A B

(@A 1) A2 379 AaAe A5, 717
FE=EE 9 dedh

(@A 2) 23olA 48 2T duSd e
gde) FFeE AFdch

(@A 3) 38R FTA 449 1 498444
FE Fazolthgy U AN AdEES Fth
7t AAET Slpgdne gd & ZEHYg Fea
ol Zegd F4& 7Y A HETAE A BT
AR B v v & FERATRE dFo
E FANA AA d4YE dedh, a8]3 o] vy
o Zzod 1% dadEe AWA FFE HE g3

2 HEAA 7 Fawe zZEdde] YRgge
AAe FFARE YA B2 TEHY 7Fe
A He ZE Z2ayd H49d a8z 74 Zz2g
Aol tisiA #& FFAZHE FoM TEFEERd
o8 23S+ LastToolRatio Btk 2 @S Z+= &3
A9 Ade dgAel 23 gob siAYV ¥ ¢ 3
FolBZ, 1 AW End-flagrt e HA s F
AR F79 AEAde a8HA] 58 dch dd
&4 2Y7) LastToolRatio 2th 32 AAH 7
Sz gRIz Qs @ He ddHE FHA
TTE 7VEIEE gt

(BA 4) &A 2004 AFE 379 A7t F A <
dold Bl SR F2EA sbEEtA fo "1A R
A Aaglele] whe gazlo|2 dto] @A 3olA
Ze o g wWage fdda Fy Adgde TE
A BN A4RL e, I H4E Yo F
TREE T8 "k o] W] ANAFE oln) Ao
H ANEEH 2 Aojaleld) FeHE JRE AW
d Aolth, AE AsE Hawe A= vA 39
Aeh AR Z2adn ade AA gAEs 7
A Hoh, 2fv, FHA FEe FTY U dze
AvA FF4E g2 ded, 2 olfe Az 2
AEE IEY € Zaade yEgge @4 394
oln] MAHAY] WZolth, Wy N2 AHeHe Hat
R Ate Zaod 712 Fig. 6(a)s B 24 &
o 42 J9% 1A =u, opn B A4
A% End-flagZt #el obd dAHw-& 713414
oY FrAEe TEWY §F duze] dol
2 WA FTAR AN qUSRZE
FEe FE WIAANT Fig, 6(b) % Fol FHA




49 - o)A

(&) ease whers cutiing plane

(n) case where culting plane
was defined by flrat tool

is definied newly

Fig. 6 the second tool path

FTRANE FAAF T}

B FuA F7Y 7HEEEH7F LastToolRatio
Bo} 29 1 A4 End-flags ez &z, 1%
A Fow @A 30As g WHoR AriFle] W
2ES of FTE PSS gk agEa Az 3
g Fadel Afde ZaRY B dAuAe]
ol YA HER A tdHel FFAZ} H, of &
Ao M AA Z2AU] I AFEREE
T3 ©] el LastToolRatio 2t 2R End-flagE
Feg sz, 224 g2 Afde & FTE MF
HA e BEUE /BEEE @ o] b Zzuy

T AlE
o e T4 I HFAERHE FHA FTHA
g 7+ Fo vEhbe A4 JhE HEE vst

Rough_Cutting()
{
TrputO{
Warkpiece Dimension
Tool Datatwse
First Tool Ratio & Last Tool Ratio
}
Tool_Selection({ .
CPR,  /* Cutting Path Ratio of j-th Cutting Plane with i«h Tool %/
First Ratio s
CPR,, & Laat Tool Ratio

}
ToolPath_Cleneration(){
Firs_ToolO{
Zigzag Too] Path
IF( CPR, & Last Tool Ratio )
= TRUE
}
Othes_ToolO{
TF( !End_Flag ){
Spital Tool Path
IF( CPR, & Last Tool Ratio )
End_Flag = TRUE

)
}
}
}

Fig. 7 Overall structure of rough cutting algorithm
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(e) profiling tool p'a:h on 5th culting plane

(d) profiling tool path on 4th cutting plane

Table 2 Cutting path ratios for two adjacent tools

Tooli(12R/13L) Tooli+1(10R/12L)
Ist Profile 100 . 1.00
2nd Profile 1.00 . 1.00
3rd Profile 0.94 1.00
4th Profile 088 _ 095
5th Profile - 066 078
Decision Too big Proper

Fig. 9 Cutting planes and the profiling tool paths of the first tool
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Fig. 10 The profiling tool paths of the second tool
on 5th cutting plane
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Fig. 11 Cutting planes defined by cutting tools
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Fig. 12 Zigzag tool paths of the second tool
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(a) spiral ool path on 3rd cutting plane () spiral kol path on 10th cutting plane

Fig, 13 Spiral tool paths of the second tool
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APT DATA GENERATED ON FriJan 7 12:19:58 1994
MODEL/ model 100
TOOL 0/ (Radius : 10.0 mm)
TOOL 1/ (Radius: 5.0 mum)

DRILL/ 10.00000, ~10.00000 0.00000

/ TOOL 0(Radius : 10.0, Length: 12.0)

/ FEED 100.00 (ipm)

/ SPFINDLE  1000.00 gpm)

/ RAPIO

GOTO/ 10.00000, ~10.00000, 10.0000

/ STEPDOWN

GOTO/ 10.00000, -10.00000, 1.50580

/ ZIGZAG CUTTING

GOTO/ -20.60554, -54.06054, 1.50580
GOTO/ 25.82686, -54.06054, 1.50580
GOTO/ 61.49612, -39.06054, 1.50580
GOTO/ -43.36263, -39.06054, 1.50580
GOTO/ -43.62893, -24.06054, 1.50580
GOTO/ 61.72718, -24.06054, 1.50580
GOTO/ 60.86950, -9.06054, 1.50580
GOTO/ -43.21729, -9.06054, 1.50580
GOTO/ -42.07173, 5.93946, 1.50580
GOTO/ 58.17799, 5.93946, 1.50580
GOTO/ 58.02931, 20.93946, 1.50580
GOTOQ/ -39.78746, 20.93946, 1.50580-
GOTO/ -10.27864, 35.93946, 1.50580
GOTQ/ 21.08417, 35.93946, 1.50580
/RAPID 10.00000, -10.0000, 1.50580
GOTO/ 56.09667, -50.99668, 1.50580
GOTO/ 54.13400, -51.91340, 1.50580
GOTO/ 51.74393, -3247614, 1.50580
GOTO/ 48.36452, -52.75005, 1.50580
GOTO/ 44.36977, -52.78571, 1.50580
GOTO/ 39.98767, -52.76488, 1.50579
GOTO/ 35.14112, -52.87347, 1.50579
GOTO/ 30.00748, -53.31090, 1.50579
GOTO/ 24.73256, -54.25676, 1.50579
GOTO/ 19.70520, -585.77017, 1.50580
GOTO/ 15.15589, -57.55326, 1.50580
GOTO/ 11.30722, -59.09925, 1.50580
GOTO/ 7.82808, -60.29135, 1.50580
GOTO/ 452101, -61.12234, 1.50579
GOTO/ 1.37884, -61.55320, 1.50580
GOTO/ -0.67037, -61.45804, 1.50580
GOTO/ -2.09149, -61.04328, 1.50579
GOTO/ ~5.50451, -59.24834, 1.50580
GOTO/ -10.23895, -56.73497, 1.50580
GOTO/ -15.51472, -54.97158, 1.50580
GOTO/ -21.04011, -53.98277, 1.50579
GOTO/ -26.07626, -53.54330, 1.50579
GOTO/ -30.43528, -53.30435, 1.50579
GOTO/ -34.31938, -53.00426, 1.50579
GOTO/ -37.54298, -52.48086, 1.50579
GOTO/ -40.01560, -51.65268, 1.50579
GOTO/ -40.76810, -51.15267, 1.50580
GOTO/ -41.41403, -50.36187, 1.50580
GOTO/ -42.18278, -48.55037, 1.50580
GOTO/ -42.82039, -45.46311, 1.50580
GOTO/ -43.20600, -41.80537, 1.50579
GOTO/ 43 43464, -37.79862, 1.50579
GOTO/ -43.55657, -33.68883, 1.50580
GOTO/ -43.61016, -29.45685, 1.50580
GOTO/ -43.63133, -25.17501, 1.50579

S39383393538353333338333338538 § ¥

g
=33
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Fig. 14 APT data to cut example surface model
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(a) Zigzag path for concave shape (b} Zigrag path for conves shape

Fig. 15 Comparison of Tool Path between 2 Shapes
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