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Calculating the Feedrate of 5-Axis NC Machining Data for the
Constant Cutting Speed at a CL-point

Lee, C. S.* and Lee, J, P.**

ABSTRACT

This paper describes a method of calculating the feedrate for the constant cutting speed at a CL-point
in 5-axis machining. Unlike 3-axis machining, 5-axis machining has the flexibility of the tool motions due
to two rotation axes. But the feedrate at a joint space differs from the feedrate at a tool tip(the CL-point)
of the 3D Euclidean space for the tool motions. The proposed algorithm adjusts the feedrate based on
5-axis NC data, the kinematics of a machine, and the tool length. The following calculations is processed
for each NC block to generate the new feedrate; 1) calculating the moving distance at the CL-point, 2)
calculating the moving time by the given feedrate, 3) calculating the feedrate of each axis, 4) getting the
new feedrate. The proposed algorithm was applied to a S-axis machine which had a tilting spindle and
a rotary table. Totally, the result of the algorithm reduced the machining time and smoothed the cutting-
load by the constant cutting speed at the CL-point.

Key words : Feedrate, Cl(cutter location)-point, Joint space, 5-axis machining, Direct kinematics solution,
CNC(computerized numerical control)
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Table 1. The units of the F value where there is no decimal
point (FANUC-15M)

Input Per minute  Per revolution

system command{G94) command(G95)
Command range Fi1~F24000  F1-F50000

Metric Linear axis 1 mm/min 0.1 mm/rev
Rotary axis 1 deg/min 0.01 deg/rev
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Fig. 1. Example of 5-axis machining {a) path of CL points
and pivot points (b) distance between pivot points of
a convex shape (c) distance between CL points of a
convex shape (d) distance between pivot points of a
concave shape (e) distance between CL points of a
concave shape.
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Given - S-axis NC data, tool length,
machine mechanism

Calculating the CL points(P,, P,) of a tool
at the start point and the end point of a NC
block

Calculating the distance(D;) between CL
points(P., P,)

) J

Calculating the moving time(T.) by the
given fecdrate

4
Calculating the feedrate(F,) of each axis

A
Getting the new feedrate(F,)

Fig. 2, Procedure of calculating the new feedrate for the
constant cutting speed.
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Fig. 3. 5-axis machine and 5-axis mechanism with a tiling
axis and a rotary table; (a) 5-axis machine (b) 5-axis
mechanism,
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Fig. 4. Display of 5-axis CL data for the master mode] of an
automobile tire.
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Table 2. Result of testing in 5-axis machine with a tiling axis and a rotary table (Tool length=253 mm, F=1000 mm/min}

5-axis NC Data Distance CL point Distance New Feedrate
(mm or deg) (mm) {mm} {mm) (mm/min)

X-14.417Y0.408Z150.341 ] X7.152Y-5.234

B-1.260C146.440 7150.402 -
X-17.773Y0.439Z150.2570 X9.534Y-5.234

B-1.564C153.546 7.865 Z2150.351 2.383 33012
X-21.325Y0.455Z150.149 X11.917Y-5.233

B-1.884C158.294 3.939 7150.286 2.383 2491.9
X-24.989Y0.465Z150.017 X14.299Y.5.234

B-2213C161.646 4.979 Z150.206 2.383 2088.8
X-28.723Y0.471Z149.8610 X16.680Y-5.233

B-2.548C164.125 4497 Z150.111 2.383 [887.0
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Fig. 5. Machining paths for the master model of an auto-
mobile tire: (a) rough cut t (b) rough cut 2 (¢} finish
cut (d} cross groove cut 1 (e} cross groove cut 2 (f)
perpendicular groove cut.
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Fig. 6. Display of 5-axis CL data for an automobile tire mold,

Table 3, Result of S-axis machining for the master model of an automobile tire on a S-axis machine (Tool length=253 mm,

F=1000 mm/min)

Machining type

Machining time by the constant

Machining time by the Proposed

Feedrate (min) method {min)
Rough Cut | 73.10 39.33
Rough Cut 2 48.04 21.48
Finish Cut 222.30 103.21
Cross Groove Cut 1 238.09 116.08
Cross Groove Cut 2 85.20 34.48
Perpendicular Groove Cut 15.10 13.20
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Table 4. Result of 5.axis machining for the automobile tre mold with a tilting axis and a rotary table (Tool length=253 mm,

F=1000 mmvmin)
S-axis NC Data Distance CL point Distance New Feedrate
(mm or deg) (mm} {mm} (mm) (mm/min}

X-54.806Y-42.636Z2107.205 } X73.261Y99.904 } )

B-42.562C73.877 Z173.859
X-55.333Y-41.498Z107.019 X71.149Y99,906

B-42.447C74.319 1.348 7173.330 2177 618.9
X-55.848Y-40.351Z106.838 X69.035Y99.907

B-42.335C74.763 1.350 Z172815 2.176 620.5
X-56.352Y-39.194Z106.662 X66.915Y92.907

B_42.226C75.210 1.335 7172316 2178 6220
X-56.842Y-38.028Z106.492 X64.793Y99.906

B-42.120C75.659 1.357 Z171.831 Lt 623.5
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Fig. 7. Machining paths for an automobile tire mold: (a)
rough cut (b) finish cut

Table 5. Result of direct 5-axis machining for an automobile
tire mold on a 5-axis machine (Tool length=253 mm,
F=1000 mm/min)

Machining Time Machining time

Machining Type by the Constant by the Proposed

Feedrate (min)  Method {(min}
Rough Cut 4021 75.11
Finish Cut 115.54 199.10
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