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3D Linear and Circular Interpolation Algorithm for CNC Machines

Min-Yang Yang*, Won-Pyo Hong**

ABSTRACT

3D linear and circular interpolations are a basic part for the machining of complex shapes. Until now, because of the
absence of appropriate algorithms for the generation of 3D lines and circles, a full accomplishment for available machine
tool resolution is difficult. This paper presents new algorithms for 3D linear and circular interpolation in the reference
pulse technique. In 3D space, the line or circle is not expressed as an implicit function, it is only defined as the
intersection of two surfaces. A 3D line is defined as the intersection of two planes, and a 3D circle is defined as the
intersection of a plane and the surface of a sphere. Based on these concepts, interpolation algorithms are designed to
follow intersection curves in 3D space, and a real-time 3D linear and circular interpolator was developed in software
using a PC. The algorithm implemented in a PC showed promising results in interpolation error and speed performance.
It is expected that it can be applied to the next generation computerized numerical control systems for the machining of
3D lines, circles and some other complex shapes.

Key Words : Linear Interpolation(2} 1 3.7}y, Circular Interpolation(‘d 3. :.71), Interpolator(}2.3}7]), Reference-
Pulse(7] & & 2), Reference-Word(7] & 9] =), BLU(Basic Length Unit)
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Table 2 Equations in the 3D circular interpolation

Equation DR, x= X7+ Y +Z}| DZ , = ZXxX,
-R? + ZYXY, - Z,
AX DRnu.k = DR,J_‘\+ARX, DZHLN\ = DZi_J‘k*’AZX‘
AY DR;;.i . = DR ,#ARY,| DZ ., = DZ,;; +AZY,
AZ DR;js.1 = DR, #ARZ,| DZ, ., = DZ,;; +AZZ,
AX & AY DR .6 = DRy« DZi,; juix = DZ;jx
+ARX+ARY; +AZX+AZY
AY & AZ DR, .11 = DRy« DZ;,.1 01 = DZiji
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+ARX+ARY +ARZ, +AZX+AZY +AZZ,
ARX, =2X+1 AZX, =7X
Where ARY, = 2Y +] AZY;=ZY
ARZ,=2Z,+!] AZZ,= -1
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Table 1 Equations in the 3D linear interpolation
(when the X is the longest axis)
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