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ABSTRACT

A 5-axis NC milling technology is presented on ruled surface. Problems in 5-axis NC machining are

such as tool interference, tool collision and change of tool attitude, etc. The change of tool attitude
causes rotation of cutter and variation of feedrate to overcut part surface. This poor control of tool

attitude is the primary problem in multi-axis NC milling.

This paper observes ruled surface for control of tool attitude. Ruled surface is composed of directrix
and ruling, line of constant magnitude. Directrix corresponds to points on part surface and Ruling
cutting tool. Trajectory of tool movement corresponds to ruled surface.
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Fig.6 Comparison of initial tool attitude and

collision free tool attitude

Initial attitude

X Y Z
0.0359940 0.1121960 0.9930339
0.1123236 0.0360351 0.9930180
0.0960312 0.0554897 0.9938304
0.0360352 0112323 0.9930180
0.0920461 0.0678661 0.9934393
0,1403140 0.2438935 0.9595978
0.0874670 0.0791542 0.9930177
0.2779769 0.0602842 0.9586942

Corrected attitude

X v z
0.0359940 0.1121960 0.9930340
0.1887468 0.0567129 0.9803870
0.0960312 0.0554897 00038304
0.0360352 0.1123236 0.9930181
0.0920461 0.0678661 0.9934394
0.1403140 0.2438936 0.9595978
0.0874670 0.0791542 09930177
0.3416929 0.0734803 0.9369347

Table 1 Value of initial tool attitude and
corrected tool attitude
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Fig.8 Shape of model with
overhang after 3-axis machining

— 866 —



Mgz 3% /A A5 G dalsd 4
/)& -

[Fig.9 Rough tool path in 3-axis
milling

Fig.10 overhangel o3 5% 719 TF =4
# 2o Frh 99 4 AAlE 2 AAE s
o e 7hdol wlAl® ApAle)Th,

Fig.10 5-axis tool attitude

8.2 B

AT = 557139 e 271F5F A
F FRABEE o]&3d AAS T HA cusp
height& Ze= F7F3%F AMAE AAS Y 5% heel
cutting® Fqste &3 2 FEE IYch

L 27| FAA AHAHA S 71FHEE o) §
ate] Fada $ e ] Ht‘ WA EE 9
= HEE 2V|AAR Aol Y 2 2ES A
HE T7AAML HEE F&) TN HRE o4
g ARG 271AYE a8 YL JFedn.

2. 557FF% 7led 999 5% heel Cuttmg’\]
2] 2 cusp height® 2= F7AANE AAs
o] AAE ruling?} sl 2g o] &so] -747‘]§}5}"’
WA Tzl Wale da rulingd ZH&ERE
o], «AHeR WHIE FIAANE Yy
linearlization ¥ 7}¥4 A% 838 =239}

©
DZ‘-‘

AEE

L. Yoram Koren, Rong Shine Lin, “Five-axis
Surface interpolators”, Annals. of the CIRP, Vol
44, No. 1, pp. 379-382, 1995.

2. F. Rehsteiner,, “Collision-free Five-Axis
Milling of Twisted Ruled Surfaces”, Annals of the
CIRP, Vol. 42/1/1993, pp. 457-461, 1993.

3. ITiroshi Suzuki, Yoshimasa  Kuwano,
Katsuyuki Goto, Yoshimi Takeuchi & Makoto
Sato, “Development of the CAM System [or
5-Axis Controlled Machine Tool”, A U&3} 3],
Vol. 60, No. 6, pp. 832-836, 1994.

4. ol FA, Mg, AHE 7y

/L\].g_. o],g_-:s]_ Eoc o an7},‘-

SO A

, "§-7F 5% o
: é‘ﬁ 2 OEAY
SCCE #4343 =84, pp. 112-117, 1997.

5. M.shulz(l), StHock., "High-Speed Milling of
Dies and Moulds-Cutting  Conditions  and
Technology”, Annals of the CIRP, Vol 44/1,
1995.

6. Jean-Pierre Kruth(1), Paul-Klewais,
"Optimization and Dynamic Adaptation of the
Cutter Inclination during Five-Axis Milling of
Sculptured  Surface”, Annals of the CIRP, Vol
43/1, 1994,

7. ). W. Park, “8%¥¢] 5% NC 7}3& 93

1O

CAM A9 Aol wg Q7" whap 89 i,
KAIST, 1994.
8 Muanfredo P, do Carmo, "Differential

Geometry of Curves and Surfaces”, IMPA Rio de
Janeiro, Brazil.

— 867 —



