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Optimal Tool Length Computation of NC Data for 5-axis
Ball-ended Milling

Hyeon-Uk Cho* and Jung Whan Park**

ABSTRACT

The paper presents an efficient computation of optimal tool length for S-axis mold & die machining.
The implemented procedure processes an NC file as an initial input, where the NC dala is generated by
another commercial CAM syslem. A commercial CAM system generates 5-axis machining NC data
which, in its own way, is optimal based on pre-defined machining condition such as tool-path pattern,
tool-axis conirol via inclination angles, ctc. The proper tool-length should also be provided. The tool-
length should be as small as possible in order to enhance machinability as well as surface finish. A fea-
sible tool-length at each NC block can be obtained by checking interference between workpiece and
tool components, usually when the tool-axis is not modified at this stage for most CAM systems. Then
the minimum feasible tool-length for an NC file consisting of N blocks is the maximum of N tool-
length values. However, it can be noted that slight modification of tool-axis at each block may reduce
the minimum feasible tool-length in mold & die machining. This approach can effectively be applied in
machining feature regions such as steep wall or deep cavity. It has been implemented and is used at a
molding die manufacturing company in Korea.
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Procedure of Initial Tool Length Computation

0.Input : NC File, Master Model, Tool Data,
Holder Data

li=1;

F=CAD,/CAMEHS =23 A 154 A 5E 20108 109



356

2. Tool Length = Lim;

3. Solve Inverse Kinematics;

4, Translate Machine and Tool;

5. 1f Holder Colliston Occurs then Increase Tool
Length, goto 5;

6. Record NC Block Number, Tool Length;

7.1 1 = N then goto 9;

8i=1i+1,goto 2;

9. End.
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Procedure of Optimal Tool Length Compuiation

(. Input : Master Model(IGES), Tool, Holder Data,
Scarch Angle Range, Search Angle
[nterval, NC File, Selected NC Block
Numbers

Li=1

2. Calcuiate Tool Center Paint;

3. Caleulate Tool Vector,

4, Soive Inverse Kinematics;

5. Translate Machine and Tool;

6.1f Hoider Collision Occurs then Increase Tool

Length, goto 6;
7. Record Tool Length
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8. If End of Searching Angle Occurs then goto 10;
9. Go Next Angle, goto 6;

10. Search Minimum Length;

I'1. Record Minimum Length;

12. {1 = Nt then goto 14;

13.1=1i+1, goto 2;

14. Search Lo (=Maximum Length);

15. End.

olA] The

7}0] -

VEALEA], Target NC 2%
Lol E5% o2 a3 NC 559 ¥

72107} Lovt 515 % 444 E A5 do24

ﬁé&)

F N8 3

z Tool Vector

Elevation

(a) {b)

Fig. 5. Tool-orientation Angles and Defined Limit.

39 Bile BT ea e g0l a1

518G 9 17 e B |
xilugtes|wler il
el s e lnly
PEREREE
m EEEEE
wimlnlnlelals
a7l i R
ol slE o
EiREME
AR E R

5e

)

e
BlEE

BB
Bl ]l

Rl

JEIEIE]

Elevation fungle

P
5

winigdsin

b4
HEaE
REEE
EES
k4
-

I EEIS

3%

Lol
”

Azgruth Angh,
Fig. 6. Sample Result of Tool-length Map.

2.4 E|H FRM ME

A FE AE37] KA 23300 A A
AFE target NC 229 TL-map(Tool Length Map)
< ST Fig Taxs $98 7HEte °‘¢’°l NC
5o tigk F7AM 2 TL-mapS RAFH, 7}
NC E%olMe] TL-map $41% S 98 NC data®l
TS oulghd, FE TL-mapolid RSO

|‘0

iz

AN CAMES) =57

~3

AR A Fiel

= Lo (2.32%4¢9] #¢

i
1

=i ol _g
710131 T A lnjshed], A4 H 0w of ¢
dellAfe] g AA Wzhs g4 ALk L0°ﬂ FHS
uX]7] gzt Flg, 7(byell ofe{gh Jol g 2o e

-

HAIZE dg Bolz ¢jom, 2 A= FOA

{Feasible Orientation Area)e) ! ghch.

o] target NC -5 4 7|F £740] > LRl &
29 i os A =, FOA Well 9
A& TR F 218 SRR v 7k §
A& A TRl AR K Fig (b)), LE ) o
Mz 71E FFEAAAA R} nmzs
(-3, —4%) ¥3pAA, FHEe1E 9 mmelA 65 mm
2 A4she 755 Jeidd, 2 Axe] #HH 372
AL ARE A S VR o] viehizle o AR
L 29 Fig. A-3¢ JERSIT

Elevation Angh

Ehovtion Rughof |
Onigina HE: Doty

Ehrestion hoghe

Hew of  fsuh
Seanh Dogle W}:‘C’@h » drgh
(b}

Fig. 7. Concept of Optimal Tool Orientation Compuration.

Procedure of Optimal Too! Oriertation Computation
0. Tnput : Master Model(IGES), Tool, Holder Data,

Search Angle Range, Search Angle
Interval, NC File, Selected NC Block
Numbers

i1

2. Calculate Tool Center IPoint;
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3. Calculate Tool Vector;

4. Solve Inverse Kinematics;

5. Translate Machine and Tool;

6. If Stroke Over Occurs then goto 9;

7.If Machine or Tool Collision Occurs then
goto 9;

8. Record Feasible Angle, gotol0;

9. Record Infeasible Angle, gotel0;

10.1f End of Searching Angle Occurs then
Calculate Nearest Tool Orientation, goto 12;

11, Go Next Angle, goto 6;

12. Record New Tool Orientation;

13. If{i = Nt) then{goto 15};

14.1=1+ 1, goto 2;

15. End.
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Appendix: Detailed procedures
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Fig. A-2, Procedure of Optimal tool Length Computation. g. A-3. Procedure of Optimal Tool Orientation.
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