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CNC Tool Path Planning for Free-Form Sculptured Surface
with a New Tool Path Interval Algorithm

Sung-Gun Lee* and Seung-Han Yang**
ABSTRACT

A reduced machining time and increased accuracy for the sculptured surface are very important when producing
complicated parts. The step-size and tool-path interval are essential components in high speed and high resolution
machining. If they are small, the machining time will increase, whereas if they are large, rough surfaces will be caused.
In particular, the machining time, which is key in high speed machining, is affected by the tool-path interval more than
the step-size. The conventional method for calculating the tool-path interval is to select a small parametric increment or
a small increment based on the curvature of the surface. However, this approach also has limitations. The first is that the
tool-path interval can not be calculated precisely. The second is that a separate tool-path interval needs to be calculated
in each of the three cases. The third is that the conversion from Cartesian domain to parametric domain or vice versa
must be necessary. Accordingly, the current study proposes a new tool-path interval algorithm that do not involve a
curvature and that is not necessary for any conversion and a variable step-size algorithm for NURBS.
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Fig. 5 Tool-path generation using iso-planar method
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Fig. 7 ()9 A & S(u,),v(e,) & A% A
S, )v(,) & ABE stepsize & HERAT,
chodal deviation ©¢] Hti7} =& A He a¥EHE
FE'3d g8 2.

a = P[S(u(),v(t)) — S(u(,),v(t;))] ®

cc’ _
P=[I— T jl’ c"S(u(t[+1)yv(t;+1))—'S(u(ti)av(t,‘))
cC
webA], step-size & Tt T 271E TEIE
grelth,
a-Su@),v(t) =0 10
la]-6=0 (11)
3}7] #1314 Newton Rapson method & A}&33 T

g3 2.

t At
Xnew = Xold +A’ le:t :i AZI:A[ } (12)
i+1 i+l

410, ADE 72 5 5 @0 S A
At & 37 A TheT gol AR

o 9
e ]
0] Lfo] |9 Of, ||t

EREh

i+l

o] 4g oldstel AASHE et P,

47

o o,
i
A, -] I= of, ©of,

ot or,,

i+l

A (12)E ol83std 1oy, & TIHL %, 2
A 3t stepsize & 73 ¢ Utk o] HAE wHEdA
FTTHENES 731, Folz JAd| g F7AE=E
AT 4 dom  SkollA A FTHEENE dae
58 o838t Uy F7HEALY HAEE 7o o) |
iso-scallop 4181 A= the IT7HENY HEE I
A3 curve fitting)dld FAE AAPAFIL, iso-
planar W} A= 7P e FrARIEE i3t
= 71EHHL o4l ohg FHE AR

U=

4. Ay 2 #H3

FTe BAEo] Smm 9 Ed=US AL L3518
3]-4 2 2+ 0.1mm ©|t}. Fig. 8 2 Ao A&
=

1] (o]
IHS

A AR o Fol vhehdiet,

Fig. 8 Surface for tool path planning

Fig. 9 & Fig. 8 ¢ FoA Mg F7HEA
3 PR HE F2E UEpd

(a) CC data
Fig. 9 Tool path generation

(b) CL data

Fig. 10 2 step-size 2X+& e, step-size 7}
7Y eln, eart A AR FELE FAH



2

X
H
o2
ofy
e
ot

=RAYZe3 R 2183 A6 3.

Enor x100
(mim)

o

ha bR

(b) Y=60
Fig. 10 Step-size error

Fig. 11 2 step-size 229 BEIALAE X
3 AAHQ] 2aE JERIT step-size 22HE
3t FEny FAdEe A sy, 4=
A0 A= HHAHE FEAA I F
Fig. 11 91X &9 < step-size A5, ¥ @<
RAELZALAE HAIFT

Z x100 (mm)
|44

bd-d-441
TR

Y (m’xnn)

(a) proposed method

Z x100 (mm)

E) . o )

Y (mm)

(b) method using the curvature
Fig. 11 The step-size error and the tool path interval error

in Y-Z plane

48

o
rir
=9
,
feh

¢

Fig. 11(a) A e 3 ELAE 53
Fig. 11(b)olAE TH3A Zeoh o] AL
o] &3 ABRAANL AFsA Rt
BedEth 183 Fig N@ANE 3E7H4
Hozgte] ¥=stA % Fig. 11b)ys IEA £tk
Fig. 12914 Fig. 11 ¢ 24& 349502 Yeh
At

Y
lo
fo " M
28 sl
o o o

Error x10 (mm)

X (mum)

(a) proposed method

Error x10 (mm)

(b) method using the curvature
Fig. 12 The step-size error and the tool path interval error

Fig. 13 & A E d2EFEE o)Lt AA
3&7FE 7] AEAA 7HEE ARET.

Fig. 12 Workpiece



aalA A 18 d Al6 =

5. 48

TEL o] 83 7|EY FTAHAZLAYEE A
£342) g3 F FFAbele AR 7EEH &
g o)l gdln FTARDAY APWFgS 1]
AZE wHE Alg3o R R OIS WA
E ITARE ANT F U A AS o5t
o g FFAEY AEHE dogR HEFg 7
A%t ol AT FFARLAS Aoz
N BEPe3 FTEARARE WAY F UL iso-
scallop W2le] FFAZE AAQsted oo AU
o} 3 7MEHQ step-size B AMEFOBHN H o]
HEE Zolx TAWNAFAS ALEAY 35

& o] &3te WRHETD A1 FEHSE TT
AZE ANY 5 Ut o9 AL 1, 1AL
VFA TFEAE AFAZE Foln dste 7t
TUE dE Aolth WA Adse TTAEDL
Z dn S AAHQ step-size ¥ L, TAHY
bl Bk o g&3 ot

Skt

1.  LD. Faux and M.J. Pratt, “Computational geometry
for Design and manufacture,” Ellis Horwood, 1980.

2. S. Kawabe, F. Kimura and T. Sata, “Generation of
NC commands for Sculptured Surface Machining
from 3-Coordinate Measuring Data,” CIRP, Vol. 130,
pp- 369-327, 1981.

3.  G.C. Loney and TM. Ozsoy, “NC machining of
free form surfaces,” Computer-Aided Design, Vol. 19,
No. 2, pp. 85-90, March, 1987

4. Y.D. Chen, J. Ni and S.M. Wu, “Real-Time CNC
Tool Path Generation for Machining IGES Surfaces,”
Journal of Engineering for Industry, Vol. 115, No. 4,
pp- 480-486, 1993.

5. L. Piegl and W. Tiller, “The NURBS Book,”
Springer, 1997.

6. Y. Koren and R.S. Lin, “Efficient Tool-path
planning and machining for free-form surface,”
Journal of Manufacturing Science and Engineering,
Vol. 118, pp. 20-28, February, 1996.

7. Yau, H. T. and Menq, CH.,,
planning for machining and inspection of sculptured

“Concurrent process

surfaces,” Transaction of the North American

49

10.

11.

12.

13.

Manufacturing Research Institution of SME, Vol. 2,
pp- 320-326, 1991.

299, “AFFEE A% 5-5 Fd 7}""-01]
73 47 FFHSr|ed AR EE,
1993.

AP, AAE, F9A, WIA FA,
“CAD/CAM A 2=®3 CNC HA47HE) 859

D. Veeramani ans Y.S. Gau, “Models for tool-path
plan optimization in patch-by-patch machining,
International Journal of Production Research, Vol. 36,
No. 6, pp. 1633-1651, 1998.

Choi, B.X., Lee, C.S., Hwang, J.S. and Jun, C.S,,
“Compound Surface Modeling and Machining,”
Computer-Aided Design, Vol.20, No.3, pp. 127~136,
April, 1988.

Vickers, G. W. et al, “Ball-Mills Versus End-mills
Curved Surface
Engineering for Industry, Vol.
February, 1989.

Az, ek «cusp HE ZAA i E
d= FEE o]4F 3 Y AFFHY HdF
Ay FAIEFEEA A 11 A1 E, pp.
177-183, 19%94.

Journal of
pp. 22-26,

for Machining,”

111,



