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Tool Path Generation for Rough Cutting Using Octree
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Abstract

Rough cutting process takes the major portion of machining operation using N c milling
machine. Especially, most of the machining time is spent in this process when molds are machined.
Therefore, an efficient algorithm for generating the tool path for rough cutting is suggested in this
paper. The first step of the procedure is getting the volume to be machined by applying the
Boolean operation on the finished model and the workpiece which have been modeled by a solid

modeling system. Basic principle of determining machining procedure is that a large tool should
be used at the portion of the simple shape while a small tool should be used at the complex
portion. This principle is realized by representing the volume to be machined by an octree, which

is basically a set of hexahedrons, and matching the proper tools with the given octants. When the

tools are matched with the octants, the tool path can be derived at the same time.
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Fig. 1 Two types of rough cutting
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Fig. 2 A method used in a comercial system
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Fig. 3 Generation of an octree
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A : Workpiece model
B : Part model
C : Volume to be machined

Fig. 4 Generation of volume to be machined
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(a) Selection of the maximum tool from full type octant

(b) Result after the first cutting

(¢) Profiling

Fig. 6 Rough cutting process using octree
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(b) Largest tool
Fig. 8 Possible range of tool size

(a) Smallest tool
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(a) Case where no full octant exists
(b) Case with a full octant but without a space for tool access
(c) Case with a space for tool access

Fig. 10 Three cases where octree should be divided
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Fig. 13 Decision of offset distance
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Fig. 14 Two cases of boundary offset
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Fig. 17 Condition for terminating subdivision
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Rough cutting ()
{
INPUT () {
Workpiece body model
Part body model

}
PRE_PROCESS () {
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3t7] 93 a3 3ol AAlY ¢nFE sHAA
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=
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Get the cut body by Boolean operation and its minmax box
Convert boundary faces to triangular facets
Loading tools from the tool DB and sorting them

in the descending order of their diameters

}
FOR (each tool) {

Create root octant corresponding to the tool

Generate octree

IF {there is no full octant OR there is no machinable full octant)
Next largest tool is selected ;
ELSE (Current tool is selected as the first tool to be used)

BREAK;

}
FIRST_CUTTING () {

Get the z value of layer from the height of the minimum octant
FOR (each z value or each layer) {

Get full octants

Set cut flag of the full octants involved

Get the boundary of full octants

Offset the boundary until self-intersection is detected

Tool path is generated with reversing the offset curves generated

)
WHILE (TRUE) {

CHECK STOPPING _SUBDIVISION 0 {

FOR (each z value) {

Get the boundary from the intersection between model and

cutting plane of z value
Offset boundary
IF (self-intersection)
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BREAK;

}

IF (NOT self-intersection)

BREAK ;
}
SPLIT ONE MORE () { }
MID CUTTING () {
Get full octants

Set cut flag of the full octants involved

Get boundary of full octants

Offset boundary

Tool path generation with reversing offsetting

}
}/*End of while clause*/

PROFILING () { }
}/*End of Rough machining*/
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(d) Result after one more subdivision
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(e) Intersection lines for profiling

Fig. 19 Result of rough cutting algorithm
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(a) Case where undercut is ignored
(b) Case where undercut is considered

Fig. 21 Under-cut caused by matching cylindrical tool
with octant
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