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Design Alteration of a Milling Machine Structure for the
Improved Stability

Seung-Hoon Ro*

ABSTRACT

Inherent in machine tool structures are the vibrations which are generated by rotating parts such as motors,
spindles and chucks. The vibrations not only hurt the precision machining but also damage the structures, and

become more serious with time. Many of the old machine tools show severe vibrations for the desired accuracy
of the modern industries. It is too much of a waste, however, to get rid of them as scraps. There have been
many researches in order to suppress the vibrations of old machine tool structures using the tool post which

utilizes actuators to compensate the existing vibrations and using the dampers or absorbers attached to some

critical parts.

In this paper, the dynamic properties are analyzed to obtain the natural frequencies and mode

shapes of a machine tool structure which reflect the main reasons of the biggest vibrations under the given
operating conditions. And the feasibility of improving the stability of the structure has been investigated with
minor design changes and expenses. The result of the study shows that simple changes based on proper system
identification can considerably improve the stability of the machine tool structure.
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Fig. 2.2 The locations of the sensors
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Table 2.2 The positions of sensors[mm] }
No. X Y Z el P e
1 592 294
2 -186 -191 5 : i
3 -203 334 . 1 Eﬂ.
4 224 502 —_— =1
5 224 -302
6 423 -31
. Fig. 2.5 Main mode shapes of the structure
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Table 2.3 Natural frequencies and mode shapes of

sensor # the original structure from experiment
bom ,Nfzw [MWW i Nat. freg.(Hz) Mode descriptions
ol = Ist 595 Bending mode. of _column
15 along x direction
WV\ T 2 ond 80 Bending mode of column
ol along z direction
45
_Jf\rwuwu 3 3rd 155 Twisting mode of column
=94
0 . a0 120 Froquoncytz 4th 180 Same as the 3rd mode
Fig. 2.3 Transfer functions from the experiments
(impact applied to the position 2 of Fig. 2.2) 2.3 ZAFH AlZao|M
a5 B4 A9¢ Foka AR 2 AFS T2
_ ‘ senoor # 29 715 297 A B F9 dgon FHoE
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Fig. 2.4 Transfer functions from the experiments
(impact applied to the position 2 of Fig. 2.2)
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Fig. 26 A simulation model for the analysis of the  Fig. 2.7 Natural frequencies and vibration modes of
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<Front view>

Fig. 3.1 Design alteration #1
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Table 3.13} Zt}.

Table 3.1 The comparison between the original model
and the alteration #1

Original | Alteration Comparison
structure #1 P
Nat. freq. 1st 61 62 2% 1
(Hz) 2nd 76 82 8% 1
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<Front view>

Fig. 3.2 Design alteration #2
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Table 3.2 The comparison between the original model
and the alteration #2

Original | Alteration Comparison
structure #2 P
Nat. freq. 1st 61 61 Same
(Hz) 2nd 76 74 2% |
X| 1292 1207 % |
Magnitudes | Tool | Y| 51 51 Same
of Z| 95 47 49% |
vibrations ) X| 129 122 5% |
g Worl
@'m |yl s 14 % |
-piece
z 8 7 12% |
Average magnitude : 13% |
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Fig. 3.3 Design alteration #3
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Table 3.3 The comparison between the original model
and the alteration #3

Original | Alteration Comparison
structure #3 P
Nat. freq. 1st 61 77 26% 1
(Hz) 2nd 76 84 11% 1
) X| 1292 761 41% |
Magnitudes | Tool | Y| 51 29 43% |
of Z| 9 25 74% |
1 1 0,
wbra;lons Work é 11259 184 ig;n j
(210°m) | 0
PleCe 71 g 14 83% |
Average magnitude : 50% |
AAHez AvelZ oo BPRE Frietel
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6 18 30 42 54 63 72 84
Frequency(Hz)

{Magnitudes of Vibratons [mm])

@ : Original model
A : Design alteration #3

Fig. 3.4 Magnitudes of vibrations along z direction
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