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High Speed Computational Algorithm in Voxel Based Milling Process Simulation
for Minute Time and Minute Space Resolution Analysis

Isamu NISHIDA, Ryuta SATO and Keiichi SHIRASE

In order to improve machining efficiency, it is required to recognize machining status and optimize cutting conditions.

Cutting force is meaningful information to recognize machining status. In the instantaneous rigid force model, which is the
most popular model for milling force prediction, milling force is calculated based on the geometrical intersection between
cutting edge and workpiece for each feed per tooth. In this model, both of static tool deflection and tool dynamic vibration

are not considered. In order to overcome this problem, a new high speed computational algorithm in our voxel based milling
process simulation is proposed. The proposed algorithm permits to consider both of static tool deflection and tool dynamic
vibration in our voxel based milling process simulation. In the proposed algorithm, the intersection between cutting edge and
workpiece is calculated in each minute time interval or minute tool rotational angle interval. Furthermore, the proposed
algorithm permits to shorten the computational time of detecting removal voxels to calculate uncut chip thickness discretely.
Therefore, high precision analysis can be performed in minute space resolution. The effectiveness of the proposed algorithm
is validated by experimental 3-axis milling tests. Predicted milling forces under several cutting conditions have good

agreement with the measured milling forces.

Key words: cutting process simulation, voxel model, cutting force prediction, end-milling operation, NC machining
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Fig.1 Extraction of removal voxels in our previous simulator
for each feed per tooth analysis

(a) Extraction of removal voxels by each minute tool rotation angle

(b) Minute disk element of the cutting edge

Fig.2 Extraction of removal voxels in our new simulator
for each minute tool rotational angle analysis

Conventional

1 . M Proposed

— Conventional 222 Proposed

Fig.3 Comparison of conventional method and proposed method
for tool cutting edge trajectory and cusp shape
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for (int i = 0; i < num; i++)

{
}

answer[i] = true;

(a) Serial calculation by CPU

ParallelOptions options = new ParallelOptions();
options.MaxDegreeOfParallelism = 6;
Parallel.For(0, num, i =>

i
I3R

answer[i] = true;

(b) Parallel calculation by CPU

Gpu.Default.For(0, num, i =>
{

1

answer[i] = true;

(c) Parallel calculation by GPU
Fig4 Source code for verifying calculation time
Table 1 Comparison of processing time

Iteration number 106 107 10% 10°
times
CPU Serial sec 0.0023 0.017 0.19 1.60
CPU Parallel sec 0.0064 0.023 0.13 115
GPU Parallel sec 0.94 091 0.96 1.22
iz 1
; 1 F-

(c) Extraction of removal voxels in Level 3
Fig.5 Extraction of removal voxel by octree method
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(b) Dividing tool cutting edge vector and specifying the index of workpiece
voxel from each position

- A

(c) Extraction of removal voxels
Fig.6 Extraction of removal voxels by proposed method
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Fig.7 Extraction of removal voxels by 2 levels calculation
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Fig8 Cutting shape simulation (Small voxel size 100 pm)
Table 2 Comparison of computational time in different small voxel size

Computational time Time per st
Small voxel | Number ’ sec S;;Cer @

sipopm | ofstepe [To i | Paallel | Serial | Pacallel
200 | 271081 | 973 685 | 0.00035 | 0.00025
100 535,484 405.0 2543 | 0.00076 0.00048
50 1,064,552 1949.8 1108.5 | 0.00180 0.00100
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Fig.9 Cutting force model
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Table 3 Cutting condition and cutting force simulation condition

]
(=]
(=1

Machine tool NMV1500DCG
Workpicce A5052
Tool type Square end mill
: Helix angle 30°
Lamag ot Number of flutes 2
Diameter 6.0 mm
Cutting direction Up cut
Cutting Axial depth of cut 3.0 mm
conditions Radial depth of cut 3.0 mm
. Spindle speed 2000 min’!
Feed rate 200, 400 mm/min
Disk element thickness 0.020 mm
Minimum voxel size 0.020 mm

Table 4 Determined cutting coefficients

K. 0.5 N/mm
Kie 1323.7 N/mm
Cutting Kee 0.4 N/mm
coefficients K. 792.2 N/mm?
Kae 3. IN/mm?
Kae 81.6 N/mm?

Small Voxel
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Fig.10 Cutting force simulation developed by this study
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Fig. 11 Measured and estimated cutting force using square end mill
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