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A virtual machine tool, a computer simulation model of the machine motion and cutting process with a level of accuracy
and consistency that can replace an accurate machine tool, is one of the critical digital transformation technologies in the
manufacturing industry. During the machine development phase, cost and time can be reduced by evaluating machining
efficiency and quality through virtual prototyping. In the machine application phase, virtual machine tools can be used to
accurately assess the condition of equipment and processes by analyzing actual data combined with simulated data. This
paper introduces a virtual machine tool system that can analyze the behavior of an accurate machine tool by integrating
physical models of structure, numerical controller, and cutting process. The key features of the virtual machine tool,
synchronous machining simulation, machining stability detection, machining error estimation, and part program optimization,
were evaluated through various machining tests with a vertical 3-axis milling machine.
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Fig. 1 Overall system configuration of the virtual machine tool
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Fig. 2 Cutting process monitoring based on real-time cutting
simulation
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Fig. 6 Experimental setup for evaluating the virtual machine tool
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Fig. 7 CNC data acquisition and cutting simulation during cutting a
metal case
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Table 1 Evaluation of machining error prediction accuracy

Allowed Measure Absolute

No. 1:';9“ Evaluation items tolerance ment Prediction deviation
pe (mm) (mm) (mm) (mm)
Straightness (B) 0.0020 0.0044 0.0024
Straightness (F) 0.0029 0.0013 0.0016
3 0.008
Straightness (G) 0.0040 0.0000 0.0040
Square Straightness (H) 0.0027 0.0000 0.0027
Squareness (H-B) -0.0004 -0.0025 0.0021
4 0.010
Squareness (F-B) 0.0028 -0.0024 0.0052
5 Parallelism (G-B) 0.010 0.0002 -0.0028 0.0030
Straightness (K) 0.0012 0.0000 0.0012
Straightness (L) 0.0049 0.0011 0.0038
6 0.008
Straightness (M) 0.0043 0.0016 0.0027
Straightness (N) 0.0024 0.0026 0.0002
Diamond | angutarity (<-8,30° ) 00026 | -00016 | 00010
Angularity (L-B, 60° ) -0.0064 -0.0020 0.0044
7 0.010
Angularity (M-B, 30° ) -0.0017 -0.0019 0.0002
Angularity (N-B, 60° ) 0.0008 -0.0022 0.0030
Straightness (1) 0.0056 0.0029 0.0027
10 0.008
Straightness (J) 0.0031 0.0052 0.0021
Angled
face Angularity (-8, 3° ) -0.0040 -0.0047 0.0007
1 0.010
Angularity (J-B, 93° ) -0.0038 -0.0004 0.0034
Max. 0.0052
1
508
(7]
R
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g
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Fig. 10 Cutting simulation time per each CNC data acquisition
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Fig. 11 Virtual machining for optimizing a part program
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Table 2 Part program optimization results

Original Optl Opt2
Target chip thick [um] - 42 50
Cycle time [sec.] 382 358 318
Cycle time change [%] 0 -7 -20




884 / December 2022

—  Original

i —  opt2

Cutting force [N]

T

T T
0 1000 2000 3000 4000 5000
Block id

(a) Calculated total cutting forces

— Original
= — Opt2
E
' 004
3
o
e
£
S
£
o 002 -
£
o

o T y T T
0 1000 2000 3000 4000 5000

Block id

(b) Calculated chip thickness
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