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ABSTRACT

For the domestic glasses industry to procure competitiveness in the world CA(Cellulose Acetate) frame of

spectacles market, CNC machining system for CA frame including high-value added CA cutting technologies

should be developed with new materials for the rim based on Cellulose and sheet manufacturing base. The spindle

system of glasses frame equipment that is the core to the quality of CA frame is the key technologies to realize

high-speed, high-precision so its importance is remarkably emerging. In the study, at the structural design of the

high spindle system of the private equipment for CA glasses frame embedded a motor of 40,000rpm, the stability

of design was analyzed and investigated through selecting lubrication structure and thermal characteristics of the

spindle system.
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Fig. 1 Spindle system of eyewear frame machine
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Table 1 Exponential value of the frictional moment

fo v d, n -

M, FB 17 70 60 40,000 -
RB 17 70 485 40,000 -

P dm db n B

M, FB 319 60 75 40,000 15
RB 319 485 75 40,000 15

P G P d, -

Mp FB 1310 740 4,000 60 -

RB 1,170 580 4,000 48.5 -
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Fig. 2 Heat generation rate of bearing
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Fig. 3 Mesh of spindle system for finite elements
method analysis
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Convection Boundary Conditions

Heating value of bearing part

Fig. 4 Boundary condition for thermal analysis

Fix(Constraints of 3 DOF)

Fig. § Boundaly condition for thermal deformation
analysis

Table 2 Material properties

. Thermal

Division Material I\%I(\)/?}Egs (]t)o?ll};lrg) C(O\I;]C/lg;tlvll(t)y
HOUSING 9] SM45C 210,000 7.85E-09  0.0498
SPINDLE 9] SCM415 210,000 7.83E-09  0.0427
ROTOR SisteckAl 122,000 620809 0.1010
STATOR ~ SUSIElCU 40000 7.83E-00  0.1478
R AMIC  BEARING 210,000 7.30E-09  0.0250
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Fig. 6 Temperature distribution(40,000rpm)
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Fig. 7 Temperature rise of bearing and motor
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Fig. 8 Result of thermal deformation(40,000rpm)
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Fig. 13 Displacement of spindle system(2nd Analysis)
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Table 3 Von-Mises Stress

L Non-cooling Cooling
Division (MPa) (MPa)
Front bearing 38.34 33.08
Rear bearing 5.95 5.25
Spindle front 8.31 7.15
Rotor 40.82 35.78
 EE L EEEEEER EHRCVEEE

KS D 371174 w

2 40Ce 7)1E 38 g#@zkel
200MPaS 11 e wj otA§-o] wj-¢- %“%% srelatg).
ES YAAS A8 A9 wold 3 R2E §E1 =

FaKR9| gEghe] vrolxl AE Y7t P;LOH ofsf F5
AubA o2 Id g AASEA DY I Hasg -

Kele]
=4

Qe 3 29 SaEn
S5 BHY 5 Ak

st ole @
]

A=s
2 FEA19 €4 o

194 40,000
é A A

AN
(1) FFAY 45 ZEHFPNA 7H A YEls
01, 40,000rpm¥ W] FFE2 oF 40Co|HoH

TE R vlojy R
2 4ol 53t
(2) 4AE kA e AdEdA Y 534
7} 10,000~40,000rpm W 7}¥ AEZo] JFS
Hl A= —’7‘—%’\*‘4—‘?94 AL 203~30.6mO 2
AZE7E 10pm o] Zhe W] A=
X TEE Tk A9E =E3H .
AHAoE w2 RER YWg $3}
ol YAz oZ YARAS AL&3tH 4
F 4~5C AT A B oM 34
u:]_g_ %}\ %: :];(]. 1:1:5], o]: 1~-3C Xh: IA—O]_
ol of3f REjF-oF w o PR 71X
A 5 A2 01]%%}223}.

|

o o
e

3)

OD‘ —_ O_|>_', i FE
ol)
9,

LII
3L

2

N
-

[e]

o
Hax3 200MPaS 2 wff bS] i w52
selstsint.



: S AR S A], A 10, AlSE

AFE ANAAR AR ENEAL
“mEZ Stold= HFE 2A % HEE A

Aoz a5 AFUT oo BAA el A 7
AEP .
gnes

1. Obstfeld H., "Spectacle frames and their Dispensing",
Ist Ed., W.B. Saunders Company Ltd, pp. 61-71,
1997.

2. o], "AFH AFFAH AL B AT,
3], FYLAAA Y AT-9, pp. 61-132, 2003.

3. 48, kAR, 39 23, A, ABEHAL
pp. 125-129, 2007.

4. C. W. Park, H. J. Choi, E. S. Jang, Y. H. Koh and
C. H. Kim, "Design technique of high speed spindle
system for mold machining", Spring Conference of
KSMPE, pp. 85-90, 2009.

5.S. 1. Kim, J. W. Jo and W. J. Lee and Y. H. Lee,
"Static/Dynamic/Thermal Characteristics Analysis of
a High-Speed Spindle System with 50,000rpm",
Spring Conference of KSME, pp. 494-499, 2003.

6. S. I. Kim, K. T. Kim, "Thermal Characteristics
Analysis of a High-speed Motor-Separated Spindle
System Using Oil-Jet Lubrication Method", Journal
of KSME, Vol. 12, No. 1, pp. 69-75, 2004.

7. S. J. Kang, K. J. Lee and J. K. Kim, "Characteristics
Evaluation of Spindle Thermal Displacement with
kinds of Lubrication Oil", Journal of the KSMTE,
Vol. 13, No. 1, pp. 47-53, 2004.

8. S. T. Kim, D. B. Choi, "Analysis on the Cooling
Characteristics of the Spindle with High Frequency
Motor", Spring Conference of KSME, pp. 278-283,
2002.

9. Y. C. Song, D. W. Lee, D. B. Choi and S. T. Kim,

"Study on the Cooling Effect of Motor Integrated
Spindle", Journal of KSTLE, Vol. 13, No. 1, pp.
8-13, 1997.

10. J. K. Kim, S. B. Kim, J. K. Lee and J. K. Kim, "A
Study on the Thermal Behavior of Machine Tool
Spindle System", Journal of the KSMTE, Vol. 8,
No. 1, pp. 28-34, 1999.

11. S. I. Kim, T. K. Kweon and S. J. Na, "Thermal
Analysis of a Motor-Separated Spindle System for
High - Speed HMC", Fall Conference of K SMTE,
pp. 223-242, 2001.

_37_



