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Abstract: The objective of this paper is to reveal the possibility of new technologies in FEA, to optimize the
manufacturing process — in this case the turning process. In this study we considered that only the gear box
of the main spindle system is loaded from the temperature of 20°C to 65°C or more during the working
process. All the rest factors (like heat generation in moving parts, heat generation in electrical motors, heat
generation in cutting process, external heat generation) we considered are constant. In this case, we study
the effect of the temperature to conduct the design for a new CNC lathe machine.

1. Introduction

Modern machine tools must provide high precision machining capability and also high
productivity. The entire machine tool is affected by the thermal deformation during the
work time, but in particular the main spindle system is the mainly important component in
the machine structure
[22]. The main spindle
system direct affect
machining accuracy and —
most important — the
productivity of the
production system. The
thermal deformation of the
main spindle system can
influence also the speed
rotation, so, controlling
and measuring the
thermal deformation is the
most important theme to
solve for the machine tool :

designer and also for the Lathe machine SN 380
industrial engineer who _

use this equipment on the Figure 1
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The thermal deformation of the main spindle system depends on the spindle itself and
also of the thermal deformation for each component of the machine tool. These
deformations depend on internal heat sources in a machine tool. Temperature distribution
in the structures and the resulting heat flow will affect each component. These complex
thermal behaviors are sources of heat generation [2]:

e heat generation in bearings
heat generation in power train
heat generation in moving parts
heat generation in electrical motors
heat generation in cutting process
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e external heat generation
Figure 1 show these sources of
heat generation in the case of a
conventional (manual) lathe
machine SN 380 made in
Romania. For this machine tool
we have done the FEA study,
and after the calibration process
we will apply the results for a
new CNC lathe machine.

2. FEA thermal study for the
main spindle system of a
lathe machine tool

At the moment, the most
software applications available
in Finite Element Method (FEM)
domain are capable to resolve
thermal  studies to  find
geometrical differences
between the theoretical machine tool (at workshop temperature of 20°C) and the shape of
machine tool during the turning process.

The starting lathe machine was
created as a 3D model in SolidWorks® 2007.
In figure number 2 we show only the main
assembly components — like the lathe bed,
gear box, and the rest of the structure
components.

In figure number 3 we can show in
wireframe the entire model prepared for
thermal study in CosmosWorks® 2007.

As is presented in Table 1, we divided
the machine tool in three large parts and
assumed that all parts are made from gray Figure 3
cast iron.

We consider that we can base our
design decisions solely on the data presented in this study, because we use this
information in conjunction with experimental data and our practical experience. Therefore,
field testing is mandatory to validate your final design. COSMOSWorks helps only to
reduce the time-to-market by reducing but not eliminating field tests.

Figure 2

Table 1
1 Strung Gray Cast Iron (SN)  1645.97 kg 0.228607 m"3
2 Strung Gray Cast Iron (SN)  1645.97 kg 0.228607 m"3
3 [Strung Gray Cast Iron (SN)  1645.97 kg 0.228607 m~3

As a Load & Restraint information, we considered Restraint on 8 faces) fixed, load
temperature on 6 faces with temperature 65° Celsius. As a Study Property, the Mesh Type
= Solid mesh, Mesher Used = Standard, Automatic Transition = Off, Smooth Surface = On,
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Jacobian Check = 4 Points, Element Size = 45.097 mm, Tolerance = 2.2548 mm, Quality
High, Number of elements = 41142, Number of nodes = 75139.

Also, the solver information

Include  Thermal Effects,
Thermal Option = Input
Temperature, Thermal Option
= Reference Temperature at
zero strain: 298 Kelvin,
Contact state = Touching
faces - Bonded

3. Conclusions

The results of this study are
presented in figures number 4
and 5. Figure 4 shows the
stress of the entire machine
tool caused by the thermal
deformation of the gear box
which includes the main
spindle system. Figure 5
shows the displacement of
the entire machine tool
caused also by the thermal
deformation of the gear box
which includes the main
spindle system. Using these
results we can develop a new
machine tool with CNC. The
deformation main  spindle
system direct affect machining
accuracy and —  most
important — the productivity of
the production system can be
minimized if the study is
accurate and calibrated with
correct measurements.

References:
1] Attia, M. H., and Kops, L., -

Quality = FFEPIlus, Option

i

High, Solver Type =

von Mises (Nimm”2 (MPa))
3.309e+001

3.033e+001

_ 1.855e+001
- 1.379e+001
- 1.103e+001

8.273e+000
5.515e+000
2.758e+000
1.313e-004

Figure 4

URES'[_mm)
5.272e-002

4 833e-002

. 2B36e-002
. 2197e-002
- 1.757e-002

1.318e-002

§.786e-003
4.393e-003
1.000e-030

Figure 5

- "Nonlinear Thermoelastic Behavior of Structure Joint—Solution to a Missing Link

for Predi

ction of Thermal Deformation of Machine Tools," ASME J. Eng. Ind., 101, pp. 348-354,

1979

[2] Ciocardia, C. — Bazele elaborarii proceselor tehnologice in constructia de masini, EDP
Bucuresti, 1983 (Romanian only)

[3] Chen, J. S., Yuan, J., Ni, J., and Wu, S. M., "Thermal Error Modeling for Volumetric
Error Compensation,” Proceedings, 1992 ASME Winter Annual Meeting, PED-Vol.

55, pp. 113-125, 1992

1217



ANNALS of the ORADEA UNIVERSITY.

Fascicle of Management and Technological Engineering, Volume VII (XVII), 2008

[4] Donmez, M. A,, Liu, C. R., and Barash, M. M., -- "General Methodology for Machine
Tool Accuracy Enhancement by Error Compensation,” Precis. Eng., 8(4), pp. 187—
196, 1986

[5] Fraser, S., Attia, M. H., and Osman, M. O. M., -- "Modeling, Identification and Control
of Thermal Deformation of Machine Tool Structures, Part I: Concept of
Generalized Modeling," ASME J. Manuf. Sci. Eng., 120(3), pp. 623-631. 1998

[6] Kurtoglu, A., -- "The Accuracy Improvement of Machine Tools," CIRP Ann., 39(1), pp.
417-419. 1990

[7] Lee, G. D., Suh, D. J., Kim, S. H., and Kim, M. J. -- Design and manufacture of
composite high speed machine tool structures . Composites Science and
Technology 64: 1523-1530, 2004.

[8] Lee, S. D., Choi, Y. J., and Choi, D-H. -- ICA-based thermal source extraction and
thermal distortion compensation method for a machine tool . International Journal
of Machine Tools and Manufacture 43: 589-597, 2003

[9] Li, S., Zhang, Y., and Zhang, G., -- "A Study of Pre-compensation for Thermal Errors of
NC Machine Tools," Int. J. Mach. Tools Manuf., 37(12), pp. 1715-1719, 1997

[10] Ljung, L., -- System Identification: Theory for the User, Prentice Hall PTR. 1999

[11] Bayoumi, M. M., Wong, K. Y., and El-Bagoury, M. A., -- "A Self-Turning Regulator for
Multivariable Systems," Automatica, 17(4), pp. 575-592, 1981

[11] Lo, C., -- "Optimal Modeling of Thermal Error Components for Machine Tool Error
Compensation,” S. M. Wu Symposium pp. 61-67. 1994

[12] McClure, E. R., and Thal-Larson, H., -- "Thermal Effects In Precision Machining," J.
Mech. Eng., 93(7), pp. 11-14, 1971

[13] Moriwaki, T., and Shamoto, E., -- "Analysis of Thermal Deformation of an
Ultraprecision Air Spindle System,” CIRP Ann., 47(1), pp. 315-319, 1998

[14] Ramesh, R., Mannan, M. A., and Poo, A. N..-- Error compensation in machine tools-
areview. Partl: geometric, cutting-force induced and fixture-dependent errors.
International Journal of Machine Tools and Manufacture 40: 1235-1256, 2000

[15] Ramesh, R., Mannan, M. A., and Poo, A. N..-- Error compensation in machine tools-
a review. Part II: thermal errors . International Journal of Machine Tools and
Manufacture 40: 1257-1284, 2000

[16] Smith, S. T. and Chetwynd, D. G..-- Foundations of Ultraprecision Mechanism
Design, Gordon and Breach, London , p. 66, 1992

[17] Soons, J. A. -- On the geometric and thermal errors of a hexapod machine tool .
Proceedings of the European-American Forum of Parallel Kinematics Machines,
pp. 151-169, 1999.

[18] Stein, J. L., and Tu, J. F.-- "A State-Space Model for Monitoring Thermally Induced
Preload in Anti-Friction Spindle Bearings of High-Speed Machine Tools," ASME J.
Dyn. Syst., Meas., Control, 116(3), pp. 372—-386, 1994

[19] Venugopal, R., and Barash, M., -- "Thermal Effects on the Accuracy of Numerically
Controlled Machine Tools," CIRP Ann., 35(1), pp. 255258, 1986

[20] Wang, Y., Zhang, G. et al., -- "Compensation for the Thermal Error of a Multi-axis
Machining Center," J. Mater. Process. Technol., 75(1), pp. 45-53, 1998

[21] Yang, S., Yuan, J., and Ni, J., -- "The Improvement of Thermal Error Modeling and
Compensation on Machine Tools by Neural Network," Int. J. Mach. Tools Manuf.,
36(4), pp. 527-537, 1996

[22] Yoshihoka, H., Matsumura, S., Hashizume, H., Shinno, H. -- Minimizing thermal
deformation of aerostatic spindle system by themperature control of supply air,
JSME International Journal, Series C, vol.49, no.2, 2006

1218



