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Design of a Vertical Lathe for the Improved
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Abstract

The vertical lathe is a very popular machine tool in modern manufacturing industries because of its
small area of installation. The small installation area is highly desirable for the flexibility improvement
of the manufacturing systems such as FMS, CIM, and IMS. The vertical lathe, however, has much
taller height compared to the traditional horizontal lathe, and consequently more severe vibrations. In
this study, the structure of a vertical lathe is analyzed to investigate the dynamic properties and further
to establish some ideas of the design alteration for the improved dynamic stability even at the higher
operating speed. The simulation model is implemented to apply those design alterations for the
optimization. The result of this study is not only prosperous but also ready to be applied to the
optimum design of various machine tool structures for the improved stability.

71z4Y AMLL 2 F71e NATde AL 28

A AzARE FEe Y BorRA 27

In(H) : A2+ s5+5 AY BAZIed BidedL o vt AFAANA
SM  : AlEdold 2 o] Asxolth. =g Fu AP FWs)
T 873 S F7t] Y AAHE A %

L. M & FEA77) 8 7E 280l He AL 52 A4

243 AL 2E FAAY A B A4

Aol Al A A gEe AE =ge T @ £ Ao
AzTAL nz3, $os 2L AAHH}E Ea TAINAY AL JMEAEY AMA 9|
o FPEET. olgld Ha: Ty AEotdx Frreo. 4oz %’* 4L FFEEd v
agE HLHo A; g dwrHoz Fab) ato] AT AFL FEEHEY F7M4 °
Bol 7jstgsa ez AAA o ws i

t 394, 849, FeFAgsa 7| AFS AE F7HA217] st JHEEEE wolA HAE
E-mail : shro@knut.kumoh.ac.kr ARt AEo uwe FaAEe AULY FUZRE
354]3 : (]05‘;1)?6?4‘]231]1 FAX : (054)467-4472 7} A TP upmel &4 L ARES

* 3] Holo]o]o A~ T - = =
o 59 ghdomyc #ol BFE 2o drh WA 2274

xxx 3¢, 3o AW 3t 9 n&st 2 LSS HAME &3




247bEe B3 RS AQ FAUV A 1729

& AEFY FT7HE ANY =+
Aydo2 Pesir}

A 2E3HFMS, CIM, IMS)H o 71 F37]A
Aok A I B2 FAVNAE A
At QA FAHE Fol7l HiAe FL
AXFRL Z#E 7AY "aio] A
AHue ol Ad@AF ] 87 T
243 =31 Y& A7 AN FF 2
ded Sojg Aol ¥t IW FAA
FRA ANFRY Fiol WE FEEY
=2 Qg ﬂﬂ% Fgat HANFEE
FPAu] 20% FE[FFEHAILEE 2,500rpm
19 B183 Qe Aol ddoltt. meEtA 3
BAFEL dd F2A7A 4
A3 A & Rolth
L&FL[FE YIS E 4,000
rpm], ALY FAXMuE Adstr] st T

24 g 53 AEEEFQelA 2
3719 WIE A8t AFAEE AAlE
5 g A4

JE AA7E0l

b7

Lo rr X

3 oHr % o fo

O
ki
B
N
ol
g

e i

i3

i)

2

o
L™

> .

e de (2 A
J

EEEE IR

!
o o
o
O
H“
i
e
= 5
T
B
m{n
Q‘-:
S

E 399 316}04 lz}ﬁr % 1% gaxoez A
ZHAME A HFEAGE BT 5 U
Ho o] 4Ad F2E9 E%Z, AA 7} 5}7)
= i} [Fig. 14]

2 FEEMNY 2 2D

47Tl QA4 UL AT AAAAL
£2¢ 99 F2EA FRLENUYL T
ALYFE FHIL oI RL o83 FHE Ao
e AFFEHATPY LEPFE AT

2.1 AEAX D Setup
Ago) AgE FHle
o}

Table 1 2 Fig. 13 2

Table 1 Test equipment
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Fig. 1 Test setup
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Fig. 3 Im(H) of the column and the bed
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Fig. 10 Mode shape of the turret body(50Hz)
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Fig. 16 Im(H) of the column and the bed(S/M)
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Fig. 17 Im(H) of the column and the bed(S/M)
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Fig. 18 Im(H) of the turret body(S/M)
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Fig. 19 Im(H) of the spindle motor(S/M)
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Original structure

Improved structure

Fig. 20 Variation of the natural frequency with the

shape alteration
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Fig. 21 The sketch and the description of the
design alterations

42 A M ok

410 &€ R 22 AFEL AA 494
AANALE Rt AANATES A
S 2+EFEHA Fig. 210 YERAATH

Ztzhe] AANAMY AIE 42.1~4249 AF
a3}

421 Aol AR g Za

Aro 2dag AFL do|FoZH
27 FZE FFY FA) * 8
o] o 15%9] HF 749 tEo
71 AE 9 F U4

422 HE 2|2 BZ

AATZEY Fd Z=gge Erne 1#%
=g AFHoz Hod §3 ZAES 24
e BB FRE agdd fJrE
o] AEF AA AY 2 AAE
Fig. 21904 Q&3 R¥3} Fo] g
24 ¥= stgse AARE 2 AP FUE
AE FEANA HE A 2R E AT

347 ZldiEoh

T2 O
VT o=

Ag9 oA % AFF A

i !

| 1= ! |,

Fig. 22 Design improvement of the turret body

.E_.-

Original Improved

S —
-
S E,-\ Support bracket %
; j Spindle ‘ -1 Spindie
: siiii motor —_— motor
Bed . ;—‘ Bed : . ;
T H]
! 1
Oniginal Improved

Fig. 23 Design improvement of the spindle motor
support bracket

423 B3 X9 LM JI0IE 24 It

B3 B4 54 £4247 50HzS R=g4
2 Ao A NEZ2 HAHE LM Jtol=9}
9 A¥RIt APE AT HA FAe LM
7tolzol A2 ol flol zt7 2719 LM B
Zo] Al&HY o] LM EE9 E & 20% 57t
AA B3 BAe AR FAEE F3gozy
D5AFFE F/MAND F Yok Fig. 28 LM
E2o] AxEHE €Hi ZA9 IAFEEE =N
Ro|th

424 ATE ZE XX 27 4 EEt

0% EHE A4 mAzd o8 W= &
Wol 1RHS BEYFE AvnYE nY| 3
e #SFE & 4 Aok 18 A A 2y
A9 TAR 17% F7hste) BAE BAHAT

43 INME sM2| 54 24

42014 AFHUAD AANALY 5T E
FENAYE Fild FAFH oz el
A AANAGY ERE wE HES Y
AA =2dct.

F3
o2}
47

43.1 JHHE sMel ZH R



2839 HRA FHE AT FALLe 4 1735

[

1Whmyy o
2 S L
-2 :
2 e
2 :
6 i
2l L1511
s — X ;
-2 LIGE:
X axis : Frequency

Y axis : Displacement / Force
Fig. 24 Im(H) of the column and the bed
(improved S/M)

5 g
MLt S G £
-2 .
2y 4/1
2| 15/1
2 : : ' : 6/1
-2 2443 40 4 5smLifﬁ‘s'§uz

X axis : Frequency
Y axis : Displacement / Force

Fig. 25 Im(H) of the column and the bed
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Fig. 26 Im(H) of the turret body(improved S/M)
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Table 3 Comparison of the vibrations of the S/M

Original Improved
structure structure
Natural frequencies [Hz]
Vibration[ 10 ~*mm/N]
Column 20 87
and bed 13.70 133
Column 24 834
and bed 865 361
50 83.9
Tarret body 393 216
. 675 81.0
Spindle motor 125 205
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Fig. 28 Vibration of the structure(original)
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Fig. 29 Vibration of the structure(improved)
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