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Development of a CAM System for 5-Axis NC Machining of Sculptured Surfaces
Cha-Soo Jun*, Se-Hyung Park**, Yong-Tae Jun**

ABSTRACT

Developed in this reseach is a CAM system for 5-axis NC Machining of sculptured surfaces.
We identify problems in generating 5-axis NC data and propose methods of overcoming them.
Issues discussed in this paper are: kinematic modelling of NC machines; determination of
cutter position (location and orientation); check of machine work-range;linear trajectory planning;
calculation of feedrate number. The proposed system has been implemented in FORTRAN77
on the Personal IRIS EWS, and it also constitutes a module of the CAD/CAM system ‘CASSET’
developed in KIST CAD/CAM lab.

Key Words : CAM System (1 A|A®), 5-Axis NC Machining (5% NC 7}%), CC-data(FFH2 ulo]
E), CL-data(F+ 94X djolel), Kinematic Modelling (7}783 Z4a)), Machine Work-
range (7JAIREWS]), Trajectory Planning (AZA &)
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U=n coST + et sinT (2)

7], e~Rot(m,Ae); HE} e nE FHOE Z

T AgE A 4g
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B ue O go] FojArh

u=(re¢ cosd + ro sinflcos¢
+ n sing
A71A, r; FHAS SRYFG FAdel
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;ns nol 247 $stn FTAG Y
e gyl
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379 CL¥E b=(x,y,2), 37 FYPIEE u
= (ux, Uy, W) & 83, FEAVIA 2 Z(joint) o olF
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9 EE0 Fig.6 V1A A% (A,B)Y g} v #
19 TRE AE(A) % AZ(B) 2 A

£ A A8 (Fig.7), direct kinematic solution
< OEH Zol A g F Utk

ux = cosA sinB

uy = =-sinA

uz = coSsA cosB

x = X - d ux (4)

y =Y -d uy

= 7 -d uz
o714, d=CLFeA pivot point7zle Az

99) Ao 2RE inverse kinematic solution2 rrga}

o] FojAnh.

X = x +d ux

Y = y + d uy

Z =2z +du; (5)
A = -sin~t{(uy)

B = tan~!(ux/uz)

Pivot point
1Xy.2)

[.9

e

r

Fig.7 CL data$} Joint values(Fig.69} 71Al)
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n=unit(-3,1,1), e = (1,0,0)
(C) Suoface Local Coordinates

Fig.8 22714 9429 HEw9

2.5 CC data9] M8 HH AY

28 5% NC7ZIAME joint space AojAe
AYPRL 715 2 Yo Cartesian space AbolAl
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AYRAZTA o7 FARE @ F CC datariold
Agg ccuoles A SAHLR AgR Zol &
5 A48

H=trunc{lea a/2cos i(1- a?: )

+ eg [3/2cos“(l-a§- 1) (6}
B

A71A, trunc=449 HFH{cut-off)
da=CCHM AZ FAFTHRMAY AT
dg=CCHN B2 AFHINAY A
ea=CCANA AZ JAFAS Yyde)
es=CCANM B2 JVFNE Ygde}
a=A%9 olFyY
p=B&e o\FF

CCis} CCi+1 Aloldl AU¥ CCi*j=1,-. N}&

ri*=ri+{(ris1 - ri) s j/(N+1)
nj*=unit {mi+v{nissr - ni) *§j/(N+1)}
{(?)

o714, unit=vector normalization
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2.6 Feedrate number®] Hj&t

Feedrate2 47139 #P4A BA F7HAEE
g g4 24 chipd FAE BRTH: AAEA IR
249 ojB&EEE e, FATIAY ¥
feedrate numbery 71A%8 $F4%d] FHE Fgo
24 537149 Ao HHFe] Jong 1 AL
329 ALEg BRsch

FTH%HEY o}FLEQ feedrate7t FOIHE o of
o S5 E feedrate numberE A4lsts WWL NC
controllerd] wme} BWrkal £HE FRECH

1) A4 ZE(inverse time code)

Fig.69 Cincinnatt Miracrons] #Z® NC
controllgl Acramatic CNC Model 950-MCe
feedrate number@ inverse {ime coded % % U=
£ mof cH9). F 9FEF CCololelzniy] o}%AZt
T4 feedrate number FRNE chgud )

T = 6...._._.0[‘ (sec) 8}
F
S N S S I (%)
FRN = 2 = 550

&7}A, F=CC point7te] o]F45 (mm/min)
L=|CCi+1%-CCjx |:F CCH 718l Aad(mm)

2) Euclidean Norm 2E
FANUC, Toshiba 3% @& NC controllere %
8 olF 5L FAASR: WA g AR o]
Aestn UoH10, 11). o 39 feedrate numberis
g Zo] RIS
L2
T
714, T=CCrlolelntel ol EAIZH(4 (8))
Le= AX2+Y2+ AZ2+ AAZ+ AB2
;2401599 Euclidean Norm

FRN = (10}
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AX, AY, AZ;H3o1F5%0 o]%F % (mm)
AA, AB:31H0] 529 o]F 3 (degree)

3) Techebycheff Norm HE
Tosnuc 500SP controller A<LE 4(12)9 Eu-
clidean norm th4l Tehebycheff norm€ 23w o}

(12). &,
FRN = ':{3 (11)
o714,

Loo=max{|AX|, |AY], |AZ], |AAL |AB}
123 ol5%el Tchebycheff norm

3. 5% 713 CAM AAH< T4

3.1 AABS e

2 AFoM e AHIHY 5% NC/HE4& CAM
ArRe d&n g2 sE R Y0

® Aol g HaFd A8 AH13)

@ 948 gAY gl IUEY AW EYIHY

a7 71E(13)

G torst T7A R (parametric & Cartesian) A8

2 I H2E03)

® g% 53 7F39 (fixed axis, variable axis,

side cut mode){8)

G cieks 7 Abg(ball, flat, filleted endmill)

(13)

® ball endmille] g FFHILA(Y, 13)

@ gutigle FA71A A A8, 13)

o] AA®& FORTRAN 778 T3 HloH,
KIST CAD/CMA4AAN Agsln A& Y13 &
CAD/CAM Al2®9) “CASSET 9 & REZ ol4H
3 ATk, 13).

3.2 Menu System

B BEL CASSET Systemeld ‘NC5'ehz 8o
Function22 o] 3o Function NC5& 6719}
menuZ FAEO sl 2249 menuEL A} sub-
itemE& Z3 o (Fig. 10) (8).

NC 5 F{SEL-SURFF— ADD
DELETE
CANCEL
CUT-MODEf— END-CUT [ SEL-PATH [JPARA PATHl
CART PATH
TOOL-AXIS|— VARIABLE
FIXED
SIDE-CUT| _| SEL EDGE ADD
DELETE
NC-PLAN _{ LOAD CANCEL
EDIT
SAVE LIFT ANGL|
GEN-PATH
DRW/DISP}— SURFACE
CC DATA
CL DATA
TOOL
NC DATA
CLEAR
Fig. 10 Menu T%
3.3 82 A

Fig. 11& ¥¢ Z2dg9 YidaE Flat endmill (®
Lt Face nmil) & 71l 24 3d33m ok

Fig.12€ 3719 IWE W parametrich
Cartesian pathZ @Asly 71Fstn Aed FT1A
g AAY ZFHE EAF1 Pt

Fig. 13€ ruled surfaceq] ¥¥#< Side cuttinggt
AAs ¥q4F3n .
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G92X.0Y.0Z120.0A.08B.0
GOX100,.57262119,1616B-23.629

221.1657

G1Z1.1657F.042
X100.4752Y3,0744Z1.2711A,7B-23.619F. 422
X100.2755Y6.122721.3798A1.3948-23.587F.425
X99.9753Y9.142821.4919A2,0838-23,535F,428
X88.577Y12.132721.6076A2.766B~23,462F.43
X98.0825Y15.090421.7272A3.4438~23,369F.433
X98.4944Y18.014221.8508A4.1138~23.256F.435
X87.8147Y20.902121.9787A4.7788~23,125F.437

7185Y27.7417230.7739A7.266822,446F.369
7038Y24.3945231,0927A6.394822.718
552Y21,0033231.406A5.508822,956F.368
2594Y17.5725231.7137A4.612823.16F.367
£8224Y14,1072232.0158A3.706B23.327F.366
2378Y10.6122732.3121A2,7918B23.,458
X-86.5028Y7.0926732.5026A1.867B23.553F, 365
X-86.6151Y3.5534732.8872A.937823.61F. 363
X~86.5726Y.0233.1657A.0B23.629F.262
G0Z2119.1818

X.0Z120.02.0 .

M2

X-82.
X-83.
X-84.
X-85.
X-85.
X-86.

Fig. 14 5% NC datasl o

I8 148 2§ 12(a) Y A9 dgEEs NC code

9 YRE HAFa girh
4 BB 9 E9
g dFdME ARIRE 55 NCAZee A9y
922 TYsL 7 FAAMY FAEAHE TE3IGL

3 o9 HAYYEL AAsg £ s18d I
2d29} dFsled Alg7Hs@ 5% CAM moduleg 7}
3.

5% NC 7k89 CC #=2E ¥ Ezc 3% NC
FEY L9 FYsit4). CC Helel2®¥E 5% CL
Holel2 W&ste ARdMe TrEHele] FFe] ¥

A% B dF9AE End-cutd A$E heel angled
1otate angle, Side-Cut9) Z$-= lift angled} lead
engleg AR} YJESIEE sigch CL Holgg®
] FA7IAY 3L de AL robot TN B
<) B4Rn Qe 717 2Ey, EFE4 AR 49
NE AR o)FEEY ATl €83, E d79
e NC 7139 o] Agd #d gag Ay
t}

BoE 5% NC 71H48 @& Eo 3Re 47

SAXE gS BAY HEE A8 FFAT YL
th: ) TR, FEYA, 2)FHHY FEAAM EAE
Al

A 1048
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