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Development of a Virtual Machine Tool — Part 1
Cutting Force Model, Machined Surface Error Model and Feed Rate Scheduling Model

Won Soo Yun*, Jeong Hun Ko** and Dong-Woo Cho***

ABSTRACT

In this two-part paper, a virtual machine tool (VMT) is presented. In part 1, the analytical foundation of a virtual
machining system, envisioned as the foundation for a comprehensive simulation environment capable of predicting the
outcome of cutting processes, is developed. The VMT system purposes to experience the pseudo-real machining before
real cutting with a CNC machine tool, to provide the proper cutting conditions for process planners, and to compensate
or control the machining process in terms of the productivity and attributes of products. The attributes can be
characterized with the machined surface error, dimensional accuracy, roughness, integrity and so forth. The main
components of the VMT are cutting process, application, thermal behavior and feed drive modules. In part 1, the cutting
process module is presented. The proposed models were verified experimentally and gave significantly better prediction
results than any other method. The thermal behavior and feed drive modules are developed in part 2 paper. The
developed models are integrated as a comprehensive software environment in part 2 paper.
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Fig. 1 Framework of VMT
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Measured cutting forces(N)

Cutter movement position along tool path segments(mmy}

(b) Measured cutting forces
Fig. 3 Predicted and measured cutting forces for the
transient cut of Fig. 2
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Table 1 Cutting conditions

Test da du -fl RPM

No. | (mm) | (mm) | (mm/tooth)

1 2.0 5.0 0.0375 1000

3 5.0 5.0
7 5.0 2.5
17 5.0 5.0
18 5.0 5.0

0.0375 1000
0.0375 1000
0.0500 1000
0.0375 800

Table 2 Comparison of peak-to-valley of the predicted
and measured surface

. Peak-to-valley of | Peak-to-valley of o
Test predicted surface | measured surface Prediction
No. error( um ) error( zm ) error(%)

1 33.01 31.00 6.5%

3 47.60 46.04 3.4%

7 37.65 41.06 8.3%

17 61.60 66.31 7.1%

18 58.30 61.17 4.7%
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Fig. 4 Predicted and measured surface errors for Test 7
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