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ABSTRACT

At present, a high-speed swivel tool head of a small size is required to improve the productivity of CNC

automatic lathes. Hence, there is growing interest

in shorter machining times with higher cutting speeds.

However, an increase in the rotation speed of a swivel tool head also has adverse effects, such as vibration

and noise caused by the swivel tool head system.

In this work, the fatigue life and contact pressure of a

swivel tool head bearing system driven by gears were calculated. Based on the calculated results, a prototype
swivel tool head was manufactured and its static and dynamic characteristics, i.e., the vibration, noise and
precision, were measured using a reliability testing device which allows the application of cutting force to the

end of the swivel tool head.

Key Words : Swivel tool head(3]7 -&-tll), Fatigue
1. M &
HZ, FAVIAY AL Aol a1 H 11

WEE F78A Pl met FIALAS BAFT
o ;% ;HWe] T A7 Bagel oF
5

life(3) &), Maximum contact stress(Z t 7 %-3-2)

WA, CNC ATAdte] 1375 e Rz
ojoFsl AAZTE HAE 4 9= 3AY
= AlzEle] Aol Faste, 4 &
7171 9% WY FFe = 49
o] I g3}t

Y 2AEAHe] Al&stE J)|Eo FHE =

Lo

* Dept. of Mechanical Eng., Kyungnam National Univ. of
Science and Technology

# Corresponding Author : Dept. of Mechanical Eng.,
Kyungnam National Univ. of Science and Technology
E-mail : winapi@gntech.ac.kr

** Dept. of Mechanical Eng., Kyungnam National Univ. of
Science and Technology

1AF  Hdl(urre)FA 024, =9 AT}
5,000~6,000 rpm, Z¢ =7]7} 60~70 mmeo|t}
Jev *@4 g 98] AAEolor & IHF
T = =9 A7) 10,000 rpm, 2] =77}
30~40 mm A= {75A HIEZ 7|E AR
o FedHelA F5E A "o 4% - 1%

-57-



1, TR, A

D=7 A7 e 8

A, A13A, A5

AP FTE=E AT AT ol AHF
g wHojF el Aol Wi FasAR, HIA
3| MY Fraselre] WoiPde g AT ¥
3 Aot FFel=e] FES wolge +1
I FYsttta Bobd wojfol sk A} A
of thak AAAQ A8 o] o] Fol Aokt gt
Xl TS7kA 710l ek wlogol e 4P W =
= AMAAA FRe] 93 AFE Wo| o]FolH
ot z3gtold w@r]olo] #HfAE F3 WAHE
B Aol ofa EAstE 71ole] A
WS Fetke] FHe AT A
g 3% 719 %@1%4%%%1011 KR

_mr

=2 Z(vertical shaft)
< 2709 HlojEoR
£ 5ot B
G3HA H 2=, Fig. 1

Foz AAHI o,

=
_z
ol
L
>,
S
o
]
M
[>
i)
N
il

Fael ®
2

(o)

1)
A
o

w1 T

i,

d Zom geg wuan. v
Hojg oz AAH1, of & LBtlo 22
23 4 Qe E&Ci(tool  holder)7t A X =
9omE AAE JtE & AL WARE= Haw
o] mEY Fo dFo= &P%o}ﬂl ok &7 8
Zo ALE 7)oj9} wojF ] Areke Z+zZF Table
13} Table 20 ey Ach

i)

N
2 to mn

Brg.#5 Brg.#6

Fig. 1 Schematic diagram of swivel tool head

Table 1 Specifications of gears

Spiral Bevel gear | Spur gear
Pitch diameter(mm) 20 29
Pressure angle(°) 20 20
Number of tooth 20 29
Module 1 1
Face width(mm) 45 -
Pitch cone angle(”) 45 -

Spiral angle(®) 35 -
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Table 3 Bearing analysis results (Model 1)
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Fig. 6 Sound pressure level of swivel tool head
with radial load along the rotating speed
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Fig. 4 Acceleration level with radial load

-61-



1, TR, A

F=7)A7HE S A, A3, A5E

-254 Model |
Model Il
-50 g T v T d T y T ¥ T ¥ T '
0 1000 2000 3000 4000 5000 6000

Hz

Fig. 5 Acceleration level with radial load at 10,000
om

7} gobdel wet 1% o] Frbete YA

Aol YElsrom, Model 19l B3] Model 112]

T #do] ¥e Flow HAHHUM

gl

ol#13 e Fig. 5914 HE niel o] Fut
T Yol EolHFE TS g3 Yeinth =
3k, Fig. 69149t 2] Model 13} Model 119] &%
#Eo] 3,000rpme] 3| HA&EA= 78 dB AER
FAEIR oW, LT Folgd wet &% @l
g o] ztol7} Frbehe AEFS e AT

Aom, CNC ARkE & &=

A3 AE AE(RS B 0189)°
[10]

£
)
>
o2
ol
8
o

Deflection (g m)

—&— Main-Shaft
-+ i1+ Sub-Shaft

N I ' T J T J 1
0 200 400 600 800
Time(hr)

Fig. 7 Deflection of Modular Shaft(Model II)
olAZHEHE o]&std ZAHsRon, 1 A
Fig. 73 o] 80043t ¥, REZZF F52 5.
um, 52 52ume| A S B

rir

ol

a8

e

&,
oflt
of
=y
)
(n
Jﬂ“‘
z
2

R
4

> e
re
-
=2

o

I

olo

1

(o

B

ol

ol

kv

oo L ot >
B
ol
e
g fo
oy
o X
o
at
&l',‘

ox, M
> =

K ofr
U
i

N
A

o

b

o

o &
o

fr

A

—  Of

ri

N

ot

r>~

iz

o

g

élvl

Ir

o I i

2. MEE WY F
10,000rpmol| A 73~82dB2. =
W Asdwt 3Tl Ee] 254EL 86dBOEA
71Ee] U FFs = Bl 10,000 rpmellAl <F
5% Agita AE YER AT

3. 800A%F MG Fo FHI REel FAws
s5mel Aol WA FEoE SR oA,
10m 29 712 H4Y FP=nn gU=d

oA A3 53 Ao velgth

-62-



Kl
I

o

Ay gyase 2 2 A

D= A b S A, A3, A5E

(1) Kim, H. S. and Yang, S. M., “A study on the
life and reliability of spiral bevel gear drive
systems,” Proceedings of KSAE Annual Spring
Conference, pp. 342~347, 1993.

Jin, J. S., Kim, H. S., Kang, H. Y., Yang, S.
M., “Reliable life evaluation of gear driving
system for the intermediate shaft,” Proceedings
of KSMTE  Annual Spring Conference, pp.
229~234, 1999.

Hwang, P., Kwon, S. I, Yang, S. H., “A Study
on the Life Prediction Characteristics of the
Rolling Bearing in the Machining Center Main
Spindle,” Proceedings of KSPE Annual Autumn
Conference, pp. 768~772, 1995.

Kim, D. H., Lee, C. M., “A Basic Study on the
Fatigue Life Prediction for the Rolling Bearing,”

@

®

©

Proceedings of KSMPE  Annual Autumn
Conference, pp. 69~70, 2010.

(5) Lim, J. S, Chung, W. J., Lee, C. M,
“Selection of Bearing Position for Improving

Static and Dynamic Stiffness of 40,000rpm
High-speed Spindle,” Journal of KSMPE, Vol. 8,
No. 1, pp. 10~17, 2009.

Yoon, K. C. Choi, D. H. “Ball-Bearing
Selection Considering Flexibility of
Shaft-Bearing System,” Journal of KSTLE, Vol.
16, No. 1, pp. 39~45, 2000.

Kim, W. D. and Han, D. C., “Prediction of the
Fatigue Life of Deep Groove Ball Bearing under
Redial and Moment Loads,” Journal of KSME,
Vol. 18, No. 7, pp. 1654~1663, 1994.

©

U]

- 63 -

(8) Yazhou J., Guixiang S. and Zhinxin J., “A
Reliability approach to machine tool bearings,”
Journal of Reliability Eng. and System Safety,
Vol. 50, pp. 127~134. 1995.

“Standard Design and  Specification of
Gearboxes for Wind Turbines,”
ANSI/AGMA/AWEA 6006-A03.

(10) KATS, Tool drive unit for CNC lathes, RS B

0189, 2007.

©9)





