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Abstract

5-axis NC machining of sculptured surface using non-ballendmill cutters (eg.
facemilling cutters) is widely used in the machining of turbine blades and
marine propellers. Since there are more degrees of freedom in 5-axis machining
than ia 3-axis machining, generating “optimum” cutter paths and finding
desirable cutter positions become very important in order for an efficient use
of 5-axis NC machines. Also critical in 5-axis NC machining are collision
avoidance, gouging checking, and efficient kinematic solutions.

In this paper we discuss the above issues in generating 5-axis CL data. They
are ! kinematics modeling of NC machine; inverse kinematics soluiion:
interference between machine component and surface: cutter gouging.

A unique search method for obtaining optimal CL data is proposed. The
proposed method has been successfully implemented in the machining of marine

propelilers on a dual 5-axis (ie, 9-axis) NC machine.

1. Introduction
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A& o] 5% NC 7hEol dlolA dubAel 3F J1F3 FEHEHE Hol AUk Fo
A 27 HEA (CC:cutter contact)ol thdted ThFgt Z 391X (CL:cutter location)
Ho| shsslcis RAolt). ol 5% 712 F$ o @ AFE7 TAI] wWEold,
whetA 1 AZZE linit, NATZEY HGEDY] FETH constraint& wrE-3H A
cusp& HAE WrE CL datad A FERL i Fa3 FAolth

2 AT o|ME Face-Mill& ol &% AFIFAL 53 NC 7H3ol glolMe 23 CL
data® T3t BFW HgAlalol Bt AuRazt ot

11. Aubsel 43

gt 3271EE e 5&371FoAMe ALIEE NC JIAS kinematics
modeling® inverse kinematics solution& T-3t& o] WL, LI xEEH
HAZE YES tiltW rotateZt=E 2 3te ol Wadict EE J1AL linit
olU ZtE 7r4el ¥l "W HHolth

@ Kinematics Modeling & Inverse Kinematics Solution A At

3iLte] CL dataol tistel z+ &o & ARSI T Fo1F NC 7ASY
linkage systemZ Tte}, 3t Wy - £ AFolA = Denavit-Hatenberg convention
[Craig 86] & o]& - &2 o]& 2wlal¥ ¥, manipulator transform graphZFE 9
7128 sjE A Fojok BTl 5% NC 7HEY A g¥oE EoleE CL datal]
AgE7t 501 BE (F7 HaHE 2 X YE) uniquedt sj7t SAct.

tile] ASE £a30E syt oA B A HEINAE AT F4
o2 st 2z T AL FANMHY WHoE T F UHA Fgs

FoloF Frl.
@ Tilt & RotateZl = A3
Tilt Zh& Fe] YauE e} AAHE R ool AE FWHH} Face-Mill FTH

wW7rel =S olnsla, rotatezZtEE ZF AU N FTIE EolFE A=

olth (¥ 1). olE 3% 7HFelME B4 gt SAdoln tiltsh rotateZtd WEHA]



71024 st CC datao] thste] W CL data§ A4rsl Wiezlo] shesta, thdd

CL data®FE BE constraint® TFste AN E AYsteZo] sHe3fArt.
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% 1 Tilt & rotate Z4 %

Tilte} rotatezt& a3} 9= CL dataA|4rS zighslch [JCs 89]. A (1)<

tilty rotate® I8l ¥t CL data AAtAjolr},

Nel

(N+Et" tan ¢ )/ | N+ Et’ tan a | (1)
Pcl

Pcc + R { Ncl x NxNel } 7/ | Nel x N | (2)

where Ncl @ ZFH A,

Pcl : ZFFAHA $1AHH,
N I HA HE,
a tilt angle,
%_—1—'—‘3_7&1 >
Et' = 7Yty EtE N & FH2E rotatetE ¥ A,
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@ Feasibility Test

hbe] Tilt,RotateZt # o 2R AAE CL data® F3ko] 2} Z+F constraint
&= & "ty st b3 g2 test%_?‘]quF Lig= 3

]

i) BE &zlol 71A % Linit Yol S°] &£+t ?
2o} T 7te] 1L =7t ? (Gouge test)
ZE

3} 2 FES PETh?

919 test i) ~ ii) ZFEWIA i), i) & AHFH modeling TA A FGst=
Z-map dataE ©]-&3tA A HUo] 7}"&3}ﬁ}. & st st 4 pointd] (x,y)
of thgste Twel 7 22t #AAHe 7 & wiadd e &4 FFE WEY +
it} [Choi 91]. ZF 7 FFE Face-Mill YA HEol th3l Z-map testE ©l
gstgon, JATFZE (o : Spindle motor)z} FHZ] TGS TNATZEY
majorizing box & Zt vertex of th¥t Z-map test& ©o]-&3t3irl.

ohoF 27| tilt,ratate ZtE (o : tilt 2° ; rotate 0° ) oA F¥ CL data™ &
ol infeasible® WHECTIA 1 of¥olx tilt,ratate ZEE HIAFEA £
testS WHESIA "t wleld 7) A A tilt,ratate FHUlolM i) ~ i) ¢
constraint® TrE3PHEA 2]49] tilt,rotate & ZHAE CL datad F3l= Zo] &
& cc dol thgt A CL datad F3he Zol ¥ Zoltt (F7Y tilt, rotate ZHES]
%7h= cuspd FIHE FHAZTH.

17 2 o CC — CL 2] HA Flowd Rglen, ue 2% Bezier curve 2| parameter
Zkaldl ole] tisiM e 3ol BEFHEE stalch
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Tilt, Rotate angle ————-———

'

CL = f( CC, Tilt, Rotate, Rad *)

1

Inverse Kinematics

'

Joint Value

'

Feasibility Test

Limit-Over test
Gouge test
Collision test

Feashile
CL data,
Joint Value

* Rad = Radius of Face-Mill

O =cu =<

3% 2 Overall Flow
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II. Feasible Solution Space %} Search

% 3 o] Bl AL 7] A AR tilt, rotate 2 M ( 0~15° ,0~-85" ) ofA 3}
1}2] cC datao] th¥t feasible solution space?] doi|o]tT}.

aolA o 4 gl5Eo| tilt,rotatezt %ol cth3] WL feasible solution o] Exj
3}7) wjEo]l MY search 7} WHHolrhk, Iy} L oo glolH IR
search Wyo] 7I53tZAIT £ AFoME Vi(2,0), V2(150), Vs(15,-85) FHZ
Vi(2.0), Va2'(2,-85), Vs(15,-85) H& control point (vertex) 2 7}x& 23t
Rational Bezier curve [Choi 911 & ulelzle WA & AH&3tsdch

(V1,Vz2,V3) & control point & 7}A]& 2} Bezie;‘-‘l] AL 27] tilt Z} ¥HE
7} rotatez} Bries At og A¥Aoln, (V,V2° ,V3) & B¥E vic]e] %71
®it}. 3 2% Rational Bezier curve 2] weight& WAL ZH tilt, rotatez}
To] H3gE 2Aste Aol Jhesich

2718 u step size & AA F1 AY3lrirs} H X2 feasible solution o] FoiA|
W, A parameter u I VA parameter u FE ZZ FIW Aoz AHs}

3 Binary search & £33l Zo] £ oA o] &3 YAjolr}
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V. 289 & AH

E Qe Aug zedz) 73S A3 9% (CFE FR3bE dual 5F) NC 7IAE
aes st (28 4 ). 39 2dYgesye e 43 path 48 7 CC point
of tish, tilt,rotateZd %<& HHAA cusp & 4 3tHA HWAH S E smooth 5}
A &Zo] MHEEE XA (L data & dojul= 2333, solution space Yol A2
search of #3to] Atm K. gir},

ALE7t 2 5% 7130 M E tilt, rotate ZtEehe HSE ol H§31H
7153 ¥ RE constraint (7]A%F Linit, 24%5) & UHIESF tHEA H3FHL F
T YA E FHolFE o] U3 F&3 dolth

3% 4 L& N 7IAY BRYE=
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