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Design Alteration of A Lathe Structure for

the Improved Dynamic Stability
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<Abstract>

The productivity and the precision machining are the major concerns of the machine
tools, and the importance of those features will be even more emphasized with the
needs of the modern industries. In this paper the dynamic properties of a lathe have
been investigated through the frequency analysis test and the computer simulation to
minimize the transmission of vibration generated during the machining process. The

modifications have been applied to the original structure to

suppress the vibration

transmission and further for the structure to achieve less vibrations and higher

precision machining. The result shows that the machine
vibrations with simple design alterations for minor expenses,

can have much less
the result can also be

readily applied to many similar machines for improved stability.

Keywords Machine tools, Minimum modifications, Vibration transmission,
Improved stability, Productivity
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Fig. 1. The setup for the frequency response test.
Table 1. Spec. of the test equipments
Spec
Equipments P Model Company
FFT analyzer DSA 212 Difa Measuring
System
Accelerometer 8634b5 Kistler
Impulse DYTR
hammer PULSE Dytran
Lathe TIPL-410 S&T 53¢
22 4% ¥ 2 A4
Fig. 2. The locations of the sensors.
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Table 20 2 2F3}A

Table 2. Natural frequencies and mode shapes of
the original structure from experiment

Nat. frequency (Hz) Mode descriptions

1st 93 Bending along x direction
2nd 132 Bending along z direction
3rd 169 Twisting w. r. t. y axis
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Fig. 5. Vibration transmission with frequency.
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Fig. 6. A simulation model for the analysis of
the original machine structure.
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Fig. 7. Natural frequencies and vibration
modes of the simulation model.
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Fig. 10. Design alteration of the base side.
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Fig. 11. Design alteration of the bed section.
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Fig. 12-2. Final modification of bed section

Fig. 12. The modified structure.
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Table 5. The comparison between the original
structure and the improved structure

Original | Improved )
Comparison
structure | structure
1At 93 93
Nat. frequency|™ » z 134 151 | 127% =7+
(Hz)
3At 167 168 0.6% &7t
Magnitudes of |\ | 407 52 | 51% "
vibrations (nm)

_95_




vlEr o 2 chapter 49l

& AT

1

U

7

)

& gz A

1

2

lo] 2k 7~9 / Table 3, 4]

T M T TR el E ¥ bty &=
Eﬂa% ogﬂwwor,_iw SOk R m,m 3 8
—_
$E  EgTETE i ] GBE % 2%
e Zgurt 7z Z 2% 27 =3
mmx__ w ® 0~ N T2 T — B o= S T * g
= o 5w 9 v = E 8¢ F5 gf
BE g g PR i * K 55 vy T .8
ox " o — < . o -
we dPeupl o ) e - ® S7 5 - F £32
‘_ﬂ‘ﬂ\c%;oﬂiﬁooo E_.E ,rIJl_J_J[ T mWV %.Dll. -
P pRE T R E HoeE R G- R 5 g g
—_— r 0
TGS &oug_WzT]wo ﬂ|1_t = = o ,Cm4.Wm B & —
T2 ®HZpcw Ro T S S M5 EGS 2 RS g o
sBE T Pawy of BT TR ¥ F NN RN
mE%T Lhﬂﬂ N 7T M M= = T o o o o S §° L.m%.ﬂmmy,
T @R AT B " ooy oo o c% my S gBES ER g B
IR e I (| ® N s N N " HEa e 58
T g b I e s Lo S96S RN Gz B %%D .
TR S O - Gl s 2 EZ 452
TN e )L%Murmm% TS . ¢ “Eo AT EZTEz
"B S0 % N oo T N 8 8 o o = a8 ® <
T M AR OE e B oo R o R oh REom . T g
“ e e T O LN ) AT B == S G
_ ..% ‘W;L:.LZT MO_OL ~ XV ﬂvﬂﬂﬂaﬁ NOREON ]JIEO:.L Eo‘qﬂi
=8 ¥ |E B T R 3 N T -
=% 2 9 pl T KW N <7 o0 = g o Mo © 7 Al g of ol
= 2 | B, B XT Tl Ll
— _ ¢ g i~ ATMooaﬂﬁ_s al 7 EOHIGVWVU B e T ™
8 & 2 . :ﬂmﬂ s X E oo+ _ N H T
o 8 - oy T oV Bl __ oF o o 9 o e o Y Ho T B
) = - s T R X g DR 2o Ao o o 7 10K ol
i — & Mo 7 _— T — © mf imdﬁoﬂ% oF Ap o R 703%
o — = L, ® M E 00 X y 27 8w
=8 , 2| % B R T e T TE K EB L BLoWE S TR
< =" S$3 & N N AV T I TE ST Wy,
o — © 2 X dn K o Mo oy of T o e b
iy = =5 % ﬂ%%%wﬂﬂﬁ%% el eem o_PT X4
2 =3 23| & mp o) o o A %A g SN E
W Msmw 2 éﬂMHi&ﬂ.rmUrmﬂ% _OATWSMEQMM n_Eu@ﬁﬁl(H\ATaﬂsz_m
oy = 2g & T s r T TR EE o R
o = OEl¢g PR Tl T B e o MR T i) Jiaﬂﬁo
— = - |3 A oo Hl Mo To o) g5 AR o © ;lﬂr. N o W Mo X o )
e s s o |l w TR TEFEIRETT AN o I A
J § 8 &8 = e R %ﬂéa%ﬂ%@z%%%ﬁ% %ﬁi%zﬁ%ﬂ
. ' N g I= zn
0 [ISUOHEIGI 40 SSprIuTEN g T Fo RO A X Aprrydrsercee % Lﬂa.wo )
< Yol FEo TR T T o Mo B OTW T Mo N or R OT o E WM

50 D. G. Fertis, “Mechanical and Structural

,96,

F Atk [Fig. 4,



WEBIPE S B G i el A2 A25 (2009. 05)

Vibrations,” John Wiley & sons, Inc, New &8 S H Ro, H J. Cho, and E H Choi,

York, pp. 197-241, (1995) Transactions of the KSME, (A), 24, 8,
6) C. Rajalingham, R. B. Bhat, and G. D. 1978, (2000)

Xistris, Journal of Sound and Vibration, 9) H ] Cho, and S. H. Ro, Transactions of the

193, 2, 497, (1996) KSME, (A), 23, 4, 697, (1999)

7) W. G. Halvosen, and D. L. Brown, Journal

. . 9] 910] W2 o1 990] e
of Sound and Vibration, Nov., 8, (1977) (20001 3¢ 219 <, 2008 54 2290 A=)

,9’77



