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Development of Machining Simulation System using Enhanced Z Map Model

Sang-Kyu Lee(M.D.P.E. Dept. KKU Graduate School), Sung-Lim Ko(M.D.P.E. Dept., KKU)

ABSTRACT

The paper discusses new approach for machining operation simulation using enhanced Z map algorithm. To extract the
required geometric information from NC code, suggested algorithm uses supersampling method to enhance the efficiency of
a simulation process. By executing redundant Boolean operations in a grid cell and averaging down calculated data,
presented algorithm can accurately represent material removal volume though tool swept volume is negligibly small.
Supersampling method is the most common form of antialiasing and usually used with polygon mesh rendering in computer
graphics. The key advantage of enhanced Z map model is that the data structure is same with conventional Z map model,
though it can acquire higher accuracy and reliability with same or lower computation time. By simulating machining

operation efficiently, this system can be used to improve the reliability and efficiency of NC machining process as well as the

quality of the final product.
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2. Enhanced Z map Model
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Fig. 1 Relations between resolution of Boolean operation
and grid size in conventional Z map model
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Fig. 2 Increase of resolution at each pixel by

(d) Supersampling,
63% checked

supersampling algorithm. Note that the square area
represents one pixel ( r = grid size)
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Fig. 3 Comparison between aliased and antialiased image.
Note that the square area represents each pixel
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Fig. 4 Enhanced Z map model by adopting supersampling
algorithm into tool envelope boundary
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Fig. 5 Simulation of milling process using end mill in
parallel cut with incremental pick feed (dia.=
6mm, pick feed = 0.1~1.1mm, axial depth = 6mm)
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Fig. 6 Simulated material removal volume rate in
according to unit length of tool movement with
conventional Z map and enhanced Z map model
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1 : grid size = 1.0mm
2: grid size = 0.5mm
3 : grid size = 0.2mm
4 : grid size = 0.1mm
5 : grid size = 0.05mm

® : point sampiing
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Standard deviation of error in removal volume

Fig. 7 Relations between computation time and standard
deviation of error and maximum error between
conventional Z map model and enhanced Z map
model
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