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ABSTRACT

In modern industries, in whichwhere high productivity is one of the most important concerns, machine tools
are facing difficulties to satisfy the high high-speed operation, while and at the same time achieve the precision
machining. Generally, the vibrations of the structure increase proportionally to the square of the operating speed
so that the precision machining is severely damaged with increased speed. which is a must for the high
productivity. Therefore, the suppression of the structural vibrations of the machine tools is the a major concern
in the machine tool industry in order to achieve the high productivity and the precision machining
simultaneously. In this study, the dynamic properties of a machining center structure were analyzed through the
experiment and the computer simulations, and furthermore the results from those were compared to confirm the
validity of the simulation model. The design alterations were deduced from the analysis and applied to the
simulation model to investigate the effects of those alterations to suppress the vibrations of the machine. The
result shows that the relatively simple design alterations, without redesigning the main structure of the machine,
can suppress the vibrations effectively.
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Table 1 Specification of the test equipments ma—+ cx+ kx = fosinu)t 2-1)
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Equipments i 9 ¢4 sle Fahd ol 2
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Fig. 1 The setup for the frequency response test
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Fig. 3 Transfer functions of the machine
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Fig. 4 Vibration modes of the machine from the
experiment
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Fig. 5 Simulation model for the analysis of
the original machine structure
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Table 2 Natural frequencies and mode shapes from

the experiment

Mode frequgrtll::?EHZ] Mode description
Ist 28.1 Bending along Y direction
2nd 46.3 Bending along X direction
3rd 75.9 Torsion w.r.t X axis
4th 84.1 Bending along Z direction
5th 95.0 Torsion w.r.t Z axis
6th 111.2 Torsion w.r.t Y axis

Table 3 Natural frequencies and mode shapes from

the experiment and simulation

Mode Natural frequency[Hz] Comparison
Experiment Simulation
Ist 28.1 28.9 £2.7%
2nd 46.3 45.0 +2.8%
3rd 75.9 76.5 +0.7%
4th 84.1 85.0 *+1.1%
Sth 95.0 93.6 +1.5%
6th 111.2 109.7 +1.3%
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Fig. 6 Natural frequencies and mode shapes of the
structure from the computer simulation
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Fig. 7 Magnitudes of vibrations of the machine
within operating frequency range
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Fig. 8 Design alteration #1

Table 4 Natural frequencies of the original model
and the alteration #1

grnu%ltﬁ?é Alteﬂtlon Comparison
Ist 28.9 43.1 49.1% 1
2nd 45.0 52.7 17.1% 1
Nat. freq | _3rd 76.5 82.5 7.8% 1
(Hz) 4th 85.0 1092 | 284%1
5th 93.6 137.2 46.5% 1
6th 109.7 142.8 30.1% 1

Table 5 Comparison of vibration magnitudes

Vibration magnitudes [pm ]
Range — -
[Hz] On%ma‘le Alteration #1 Comparison
70~130 12.9 418 67% |

Fig. 9 Design alteration #2
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Table 6 Natural frequencies of the original model

and the alteration #2

Original | Alteration .
structure #2 comparison
Ist 28.9 43.0 48.7% 1
2nd 45.0 53.2 18.2% 1
Nat, freq | 1 76.5 80.8 5.6% 1
(Hz) 4th 85.0 107.4 | 264%1
5th 93.6 137.1 46.5% 1
6th 109.7 143.1 30.4% 1

Table 7 Comparison of vibration magnitudes

Vibration magnitudes [1um ]
Range Original Comparison
[Hz] rigma Alteration #2
structure
70~130 12.9 3.16 75% |

Table 8 Natural frequencies of the original model
and the final design

Original | Alteration | Compariso
structure #3 n
Ist 28.9 46 | 543%1
2nd 45.0 577 | 28.2%1
Nat, freq| 31 76.5 850 | 11.1% 7
H2) | 4m | 850 1166 | 37.2%1
5th 93.6 1472 | 57.3% 1
6th 109.7 1504 | 37.1% 1

Table 9 Comparison of vibration magnitudes

Range Vibration magnitudes [zm] Comparison
[Hz] Original final desi ~omp
structure en
70~130 12.9 1.02 92% |
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Fig. 10 Vibration magnitudes of the original model and
the final design within the operating frequency range
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