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Real-Time Surface Interpolator for Multiple Surface Machining
Based on a Surface Cycle Command

Taehoon Koo® and Sungchul Jee”

ABSTRACT

The present CNC machining system if without any CAM software has been limited to 2D or 2.5D plane cut using

lines, arcs and curves. If the CNC is equipped with a surface interpolation module and a surface reorganizing module
inside it, we can easily try 3D surface machining without aid of CAM software. The existing NURBS surface
interpolator is simple and direct to use for a unit surface. However, it enables only machining of each reference surface
individually even when machining a simple composite surface. In this paper, we propose a method which can unify and
reorganize various reference surfaces with a newly defined NURBS surface cycle command: a multi-repetitive cycle

command such as in a CNC turning center. We also introduce a reorganizing rule for reference surfaces using NURBS

properties. The usefulness of the proposed method is verified through computer simulation.

Key Words : Cycle code (A}0]E HE), G code (G ZZ), NURBS (HlZ¥ f&8 B =Z&tel), Real-time
interpolator (A A1t B.2}7]), Composite surface (¥4 I H), Knot vector (=B # &)
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N, N,, =basis functions of B-spline
n,m = number of control points in u, v direction
U,V =knot vectors
k,1 = orders of polynomial segments of B-spline
F,; = control points

= weights

W,
u,v = parametric values
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Table 1 Proposed NURBS surface cycle command
NURBS surface .
Description
cycle command
G106.1 G106.1 : a new repetitive cycle command for the NURBS surface interpolator
G106.2 G106.2 : a new multiple cycle command for NURBS surfaces

D : Tool diameter
M : Side step distance

F : Feedrate

1 : Tool-path planning method (I1 = iso-parametric, 12 =
E1 : Preferentially create a biggest surface

E2 : Set priority to the first NURBS surface block

E3 : Combine surfaces in the parametric u-direction

E4 : Combine surfaces in the parametric v-direction

P : First block number (N blocks)

Q : Last block number (N blocks)

W : Safety height (0 = return to initial position)

iso-scallop)

S : Allowable scallop height
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Table 2 Example of the proposed NURBS surface cycle command

NC code list Description
NO1 G05 P10000; NO1 : Beginning of high precision contouring mode
N02 G90 G00 Z0.; NO2 : Rapid traverse to start position

NO03 G106.2 11 E1 P10 Q20 W15. D5. M0.01 S0.001 F500.;

N10 G06.23 U6 V6 DS5. L0. F500. S0.001;
X0.Y0.Z0. W1,;
X10.Y0.Z0. W1,

NO3 : Surface interpolation cycle command using
parameters below
- tool-path planning by the iso-parametric method
- unifying the block numbers N10 to N20
- rapid traverse vertically to the safety height of
Z40 mm at each surface
- use a 5 mm diameter too}
- set the side step distance to be 0.01 mm
- set the allowable scallop height to be 0.001 mm

N20 G06.23 U6 V6 DS. L0. F500. S0.001; - feederate of 0.5 m/min
X50.Y50. Z0. W1, N10 : G06.23 NURBS surface interpolation for finish
X60.Y0.Z0. W1.; cut
N20 : G06.23 NURBS surface interpolation for finish
cut
N30 G106.1 W40,; N30 : Surface interpolation cycle command using
N40 G06.23 U6 V6 D3. L0. F500. S0.001; below NURBS surface interpolation block
X50. Y50. Z0. W1.: (rapid traverse vertically to the safety height of
X60. Y0. Z0. W1.; Z40 mm at each surface)
N40 : G06.23 NURBS surface interpolation for finish
cut
) ) N50 : Rapid traverse incrementally to X10 mm
N30 G91 X10,; N60 : Cancellation of fixed NURBS surface cycle
N60 G80 MO05; command and spindle stop
N70 GO0 Z40.; N70 : Rapid traverse to Z40 mm
N80 G05 PO; N80 : Finish of high precision contouring mode
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