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A Study on Structural Design and Evaluation of the High Precision Cam
Profile CNC Grinding Machine

Sang Heon Lim’, Sang Hun Shin' and Choon Man Lee"

ABSTRACT

A cam profile CNC grinding machine is developed for manufacture of high precision contoured cams. The
developed machine is composed of the high precision spindle using boll bearings, the high stiffness box layer
type bed and the three axis CNC controller with the high resolution AC servo motor. In this paper, structural and
modal analysis for the developed machine is carried out to check the design criteria of the machine. The analysis
is carried out by FEM simulation using the commercial software, CATIA V5. The machine is modeled by
placing proper shell and solid finite elements. And also, this paper presents the measurement system and
experimental investigation on the modal analysis of a grinding machine. The weak part of the machine is found
by the experimental evaluation. The results provide structure modification data for good dynamic behaviors. And
safety of the machine was confirmed by the modal analysis of modified machine design. Finally, the cam profile
grinding machine was successfully developed.

Key Words : Grinding machine ($14}7]), FEM (Finite elements method : F3F8.4 %), Experimental evaluation
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Fig. 1 Drawings of the developed cam profile CNC
grinding machine
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CNC grinding machine
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Fig. 3 Drawing of head unit base for the cam profile
CNC grinding machine
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Table 1 Properties of cast iron

Natural frequency(f) 600 Hz
Damping factor 0.04~0.05 %
Modulus (E) 97 GPa
Specific gravity (og) 71.97 kN/m’
Specific stiffness (E/pg) 1.35 x 106 m
Specific_heat 0.43 kl/kg -+ K
Thermal expansion coefficient (o) [ 12 m/m/°C
Thermal conductivity 75 W/m - K
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Fig. 4 Modeling of the developed grinding machine
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Fig. 5 Static displacement of the machine
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Table 2 Results of static analysis for the machine
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Max. Axis
length
[mm]

2020

Max.
Stress
[MPa)

304

Maximum
Displacement

[mm]
0.0304

Safety
factor

4.56

von Mises Stress (nodal values).2
N.m2
3.04e+007
2.73e+007
1 2.43e+007
f2.12e+007
. 1.82e+007
j 1.52e+007
1.21e+007
9.11e+006
6,072+008
3.04e+006
2.4e-008
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Fig. 6 Static stress of the machine
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Fig. 7 First mode shape of the grinding machine

Table 3 Results of modal analysis for the machine

Mode Frequency Mode Frequency
number [Hz] number [Hz]
1 29.951 6 84.116
2 30.130 7 90.562
3 50.677 8 111.412
4 55.184 9 120.857
5 63.660 10 135.884
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Fig. 8 Basic set up for dynamic evaluation on the
developed cam profile CNC grinding machine
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Fig. 13 First mode shape of the modified grinding
machine
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