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Determining Machinability and Setup Orientation for Five-axis NC Machining of

Free Surfaces

AT, A%
Jae-Kwan Kang*, Suk-Hwan Suh

Abstract

Five-axis NC machining is odvonced machining technology by which highly
geometrically complicated parts con be machined accurately with high madhinability. In
this paper, we investigate the problems of determining the machinability and part setup
orientation for a given surface models. We first develop kinematic model of the five-
axis machines based on the axis configuration, then develop algorithms for determining
the feasibility of machining by one setup(machinability) ond the part erientation for
the C,A and AB type configurafion. The machinability is determined by computationally
efficient procedure for finding the intersection between the feasible area on the sphere
and the numerical map catled binary sphericel map(BSM}, and the part setup is chosen
such that the rotafional range is minimized among the feasible configurations. The
developed algorithms are tested by numerical simulations, convincing they ¢on be readily
implemented on the CAD/CAM system as an outomated process planner giving the
efficient machine type and setup for NC machining.

Key weords : Five-axis machining, Machine configuration, Automated process planning,
CAD/CAM, Computational Geometry.
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AEH AXHE v YT 292 convex
holl®] HE& A 2l 3= great c1rcle-5—79__,— 7{]—3-’;}
=2 FTMS-] EG, (E:& Ao3t=dd
BRI vt S e
€ EGE 1gste 3E 34 & R R W
$2 4shE 23t FYSITHE AT, 2,

FIare) 71 dege G Avz d4 EG,
of 2]l thelolch WM AR F R

R-C=0
N ' Rl =0 (15)
2 FeHn, 53 £ R =7] Wk

R3=C=-XR1 (16)

2 Holgt R, R.e} o] BT, R, R,

2! 10. AB ERIS a, 8,

%9 £5% o, B 29 109 2] C, 7,

2 Ve Z1E A B 29 Vee
R g3 2ol ek
a;=Ang(C, VI, Ry)
’83' Ang(V, V¥ Ry) (17)
7)1 £ 12 o) WE W e
A7l 9 ‘ﬂﬁi °olx
(VX V2) - (CX12) =0 (18)

Angfu. v, RIZ T & R°ﬂ o ste] WA
A WEd Beddle ), AA BEd 7
Sols ()9 goz ANHE T G
WE] , ¢ Abole] Zhg vEbdT ANE a5

A

2 e} 3R, RS FA¢-EL ¢L, és, 6;. 8s

=

—

—_

¢, = max(Max;(a; ) ))
#s=0, if Maxj(aj) Mm}-( a;) =0 (19)
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min(ﬂfaxj(a'j), |Min}-(a’j) [,
if Maxj(aj) . Mi-raj(aj) (0
8; =max(;’llaxj( ﬁj), |Minj(;3}-) i)
gs=0, if Maxj(ﬁj) - Mz'n),—(ﬁj) =)
min{Max,(B;), LMM;(}QJ) [},
if Maxj(ﬁj) . .1-fi'?lj(ﬁ}-) {0

A7) Fold AL oA AFE w2
o] &;, b, 0z, O BF 9 o2 FHEH
ke Folth Webd Feld WAl shebug
@L, @5, CDL, @94' Axrd ¢L‘ ¢5. G, <% 3
B 2013 w4l ANl $4F 7ol
hey $4e AT 2de ted e,

g < @
g < @°
g, < @ (20)
gs < ©°

Hi wAe FTWE Ay sk
Al g,

Fo=(¢,+ 65) (g, +0s) (21

AZ7A 2] AAL convex hull®] EE hull
edge$t BE (o diste] HAlES 71FdE
BT, F7h A2 2t A8 AN
gy, o7t FTMPS A7]1& H4= 31 ¥
TE7 A F R, RS AMlelt), Bhek 7t
5o #HE ARoe ANE A4 =7
(MAR : Minimum Axis Range )9 F52 =g
i‘li@' E}AR, ngfAR’ g‘l.fziR, e.g‘fAR OI )\O],Qq ‘:ﬂ/ﬂ

Adqteol]dde] Losive ZEE Y.

AIAAY GTEES aokE Thest
2,

5 A% o

B odpo A sidd 2a2]ES IBM-486
FolA C Ao FHET dredES A
43 F4L& FAA YRl 5F 7}F § ol
ok TYUs #4dol st CA B AB E}
P gaAES 47 AR FAE 9
3 72 £ Aro 120002, @S
288709 A2y Az EEEUTH

a9 11(a), (b)7} FTMY] A7|§ Hi=
e HA AY Mol F A 2R F
Axel o) Zog Ao 7oA Ue
ZES 2 g U 23 H3E s= HA
HA e FTM S| A71% 2Ae 242 18 12
(a), (b)&+ Zr},

T8 13()e CA BY9 Af 2419 4
Bol A RAZe] s Fog Adse
F-g BoFn], 18 13(b)= AB ElA
A& spherical rectangle¥} Fo g 7348le &
& 239 3@ Ao ek Roloh el

28 145 AB B9 fxaF 284
S E8 W& convex hulld] A4 &

it
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_?mcedum AB_ Typ)
Slag="infeasible’;, MAR= o,
while i 1,...m] {
Classify PVC; ,jel 1,n] into two groups by Eqn.(3);
Compute MD;, i & Groupy by Egn, (4);
Sort MD; by the angle $= cos “(C;, MD), i€l 1, Icmp,] . denote them S;
Make initial convex hull by the three non—colinear points C;, S;, Sy Set I0=3;
while j € [ Ic, Iguw] |
pwot = §;
while ke[ 1,11 (
Check if V, is supporting point by Egqn.(14);
k+4;

}
If two supporting points are oblained, ubdate the comvex hull and I

7++;

ivkile iel 1,i7] {
Compute V? by Eqn.(18);
Compute a;= Ang(C,, VI, R)), B;=Ang(V;, V3, Ry by Egn.(17);
¢ = max(Max(ey), (Min,(ap)). :
If (Max,(e,) - Mingay) 2 0), d5 = 0;
else  ¢g= min(Mar(a,), (Min i)
8, - max(Max(8,), | Min, (8.
If (Max, (8} - Min(B) 2 0}, b5 = 0
else Bg= min(Max,(8,:), |Min,(8)]);
If (g, <P and ¢s<®° and 8,¢{ 6" and 0, 6°) flog="feasible’;
F|:|=(¢L+¢s) < (8. +8g);
IAFn<{MAR) (
MAR= F, and compute the divections of rotational axes R, Ry,
1% =¢,, ¢§¥=¢s, 04F=10,, 05F=0g
e
i++;
1

If flag="feasible’ then exit with 'Feasible' and optimal setup orientation,
Otherwise, extt with " Infeasible and recommended machine paramelers

GYAR yMAR QMAR QMAR.
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T3 1. EH MY KM

(a) CA B

(b} AB B

O3 12, A4 HX9 FTM°

HebA B d7eldE dgd 4y A
Aoldde] e 5% mAld Hisid Jby
F7% 204 GYFIIONE FRHLE AR
53, 7 Feol M Fo BRICE BF
SO CA BYS BT 3% ¢ 38 39
Bl $9T AL2A FIM7F O 254

=2
¥ mgolm, AB ERIS 04 53 37

o] M= Al BHZA FTM: spherical
rectangleZ VIEPATE,
FTM°S} spherical map 78] PVCS}e] W=
2 A g3, a9y 379
A 2B HAZ HEE oY 29 BB
RS A% A7 AY AA= Bels
258 F710 oglel gel AFE o]

b @

e & ow



s

iaoldo) me A

theta L| 73.8 [thete & 73.98
phi_L 42.1 | phi_3 44.3
F = a.20
{a} CA B

[+ M d
F39

o 5% FeAs A A4 83

»

49.0 [theta § 13.5
45,8 [ PRl 3| 3g.@
¥ = 8.94

thets L|
rhi_L

(b) A,B B}

T2 13, MAR AAbTS

[~ =]
= =

T2l 14 MD A E2{M= convex hull

A Axne Wisle g
Hold & e AV Jevt g 84
B Az Aol B A7 54
4 8o AdTE 2 FAZ A gt 4
2 AFe A& rlEdwe ne§
vAZ dE5Y 74 EA7E 2 AR
ol qlow, B3 E-E9 8, gavhyg
MdE F3 dusE Tt BF50

25 A7A o],

2 QA7ld £o@ g4 B89 4%
A9 BRE 5% s1ge] Bad FHAY
o 8 7)5elth G & A7) 7
0y YNAEL 53 A4ES 9E AFHAA
2 3% AB(CAPP)] BYHY BER A}
$5 & e Aoz yuh

A a2

o
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