FoAUnFeH A 4239 A1E (2006 19)
Journal of the Korean Society of Precision Engineering, Vol. 23, No. 1, January 2006

HE 728 MY SN dA|el o 4 #Y
ANt =

Thermal Characteristic Analysis
of a High-Precision Centerless Grinding Machine for Machining Ferrules

Seokil Kim" and Jaewan Cho*

ABSTRACT

To perform the finish grinding process of ferrules which are widely used as fiber optic connectors, a high-precision
centerless grinding machine is necessary. The high-precision centerless grinding machine is consisted of the hydrostatic
GW and RW spindle systems, hydrostatic RW feeding mechanism, RW swivel mechanism, on-machine GW and RW
dressers, and concrete-filled steel bed. In this study, the thermal characteristics of the high-precision centerless grinding
machine such as the temperature distribution, temperature rise and thermal deformation, are estimated based on the
virtual prototype of the grinding machine and the heat generation rates of heat sources related to the machine operation
conditions. The reliability of the predicted results is demonstrated by the temperature characteristics measured from the
physical prototype. Especially, the predicted and measured results show the fact that the high-precision centerless
grinding machine has very stable thermal characteristics.

Key Words : High-precision centerless grinding machine (23 % F4 912}7]), Grinding wheel (GW, @2} &),
Regulating wheel (RW, 374 5:5), Hydrostatic bearing (+7 ¢ ¥l 3), Thermal characteristic analysis
(8 B4 #}4]), Thermal imaging camera (8 3}’ 7192}, Thermo-couples (8 A o), Ferrule (¥ &)
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Fig. 1 Scheme of grinding machine

Table 1 Specification of ferrule

Dimension |2.5% 10.5mm | Accuracy 60.5 pm
Material V4,078 Roundness 0.5 ¢m
Roughness | 0.05 /m R, |[Concentricity 1.0 ym
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Fig. 2 Scheme of hydrostatic journal bearing

Table 2 Specification of hydrostatic journal bearing

Specification GW spindle RW spindle
Diameter/Length 60, 60 mm 50, 50 mm
Angles o, 0, a3 | 63°,86.18°,3.82° | 62.5°, 80.8°,9.2°
Axial length 48, 6 mm 40, 5 mm
Bearing clearance | 20 ym 20 ¢m
Stiffness 241 N/um 163 N/im
Flow rate of oil 0.72 £/min 0.82 £/min
Supply pressure 2

Density 822 kg/m’

Specific heat 1,800 J/kgC

Dynamic viscosity | 5 ¢St (40°C)

Fig. 3 Scheme of hydrostatic thrust bearing
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Table 3 Specification of hydrostatic thrust bearing
GW spindle

64, 67,77, 80 mm
11.91°, 63°, 4 mn

RW spindle
54,58,68, 72 nn
11.68° 63° 4 mn

Specification
Dia Dioa Doi,Do
Angle a;, a,, by

Bearing clearance | 20 ym 20 (m
Stiffness 150 N/um 143 N/um
Flow rate of oil 2.80 £/min 1.53 £/min
Supply pressure 2 MPa

Density 822 kg/m’

Specific heat 1,800 J/kgC

Dynamic viscosity | 5 ¢St (407C)
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Fig. 4 Structure of hydrostatic guide way

Table 4 Specification of hydrostatic guide way

Specification Horizontal Vertical
Number of pad 6 12

Pad dimension 120%32 mm 120%32 mm
Bearing clearance | 25 tm 25 (m
Static stiffness 480 N/tm 960 N/ym
Flow rate of oil 0.65 L/min 1.30 £/min
Supply pressure 1 MPa

Density 822 kg/m’

Specific heat 1,800 J/kgC

Dynamic viscosity | 5cSt (40C)
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Fig. 5 Virtual prototype and coolant path of grinding
machine
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Table 5 Material properties of virtual prototype

-
-

7,870
7,850
7,850
7,300
2,320
3,800
1,150
2,700
7,860
7,700
8,930

Thermal | Thermal
conductivityexpansion
W/mT) | (um/T)

©27 | 104
27 | uz2
445 | 112
558 | 17.1
o | 105
10 76
04 | 800
205.0 | 240
0.30 ais | s |
030 | 427 15.0

034 | 3975 16.5

Young's
modulus
(GPa)

205.0
205.0
205.0
90.0
27.0
50.0
2.0
70.0
205.8
21.0
123.0

Specific
heat
(kg C)

473
477
475
565
657
664

2,002
900
4
477
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Material ;
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Table 6 Heat transfer rate of grinding machine

|

| Hydrostatic thrust bearing

Heat source ( Heat transfer rate
37.0W
1.0W
1.2W
27.0W
199 W
120W
00w
09W
01w
0.2W

Hydrostatic journal bearing 1

GW

spindle Pulley-support bearing

Bett pulley
Spindle motor

Hydrostatic journal bearing

RW

spindle Hydrostatic thrust bearing

Spindle motor

Horizontal hydrostatic guide
Vertical hydrostatic bearing \

RW
guide
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(a) Isometric view

(b) GW section view (c) RW section view

Fig. 7 Temperature distribution of grinding machine

Table 7 Temperature rise of grinding machine

Position GW spindle | RW spindle
Pocket of journal bearing (left) 6.1TC 24T
Center of wheel spindle 56T 3.1T
Pocket of journal bearing (right) 55T 22T
Outer race of ball bearing (left) 41T -
Outer race of ball bearing (right) 47T -
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Fig. 8 Grinding machine and experimental apparatus

Fig. 9 Temperature measuring positions and temperature
distribution of grinding zone



Table 8 Comparison of temperature rises

Position Predicted Measured
@ Inner point of GW 5.6C 55T
@ Outer point of GW 1.5C 1.6C
@ Inner point of RW 32T 3.5C
@ Outer point of RW 0.8T 09T
FE AL GW FFAe L% Aso RW FEA
o & dsrd AwAdez Evie b riQld

.252E-05
. 440E~05
.692E-D5
.881E-05
.113E-04
.132E-04
.157E~U4
.176E-04
.201E-0D4
. 220E-D4
.239E-04
.264E-04
. 263E~-04
.30BE-T4
. 327E-04
.352E-04
.371E-04
.3%6E-04
.415E-04
. 440E-04

(a) [sometric view

(b) GW section view
Fig. 10 Thermal deformation of grinding machine

(c) RW section view

AR50 WFH GW FEANN Fmez
g wale] 27 WAHT UL Fig 10 oM L
F gtk 24D T4 Axsl A Ao d W
£ 440 molv), L AAE GW FEAL 93
Ao vehteh,

FEo 9 By 5 Ao 4 Z
Az vlag Fig 11 & 12 258 GW $%F3% RW
FEo 73 WY 4 ¥HE 4
mol I, GW F%3} RW T35 7 wEk g 9
= 11.3~21.6 e} 5.2~8.3 A 2
a8y 2AZ HE8Y 7hE Aded dEs
AL FE AAY 4 ¥y AA7} ot G

W el GW Spingdie ™00
- g - RW S,}ikdlt ‘.-;’.

"I :/'J-/' : \'\_
- P2 Pt : N
£ . s,
RS /
= . \
£
g
E -
E
=]
oy
5
=

RS

2 i : 3 s

o 08 At (2 B0u W09

Transverse Distance (mm)

Fig. 11 Horizontal thermal deflection of spindles

24 -t QW Spindie
- - RW Sgiﬂ(ﬂ@ ,,,,,,,,,,,
- /!"""./‘.l.:,""-
- f)‘ ~~~~~~~~~~~~~~~~ o,
‘-\\

§ 16 - “u
.
g 12 b \
&
Z
T
e S
- N e

4+

) i i3 E3 i

v 208 400 o0 B0 jro

Trangverse Distance {(mm)

Fig. 12 Vertical thermal deflection of spindles



AN 2 FFHLYIGER A3 A1 E
RW 7} A2Es FRECaEY d4 )9 € A 7|
9] #HAtolt}, o]EF BAHAA T3 GW ¢ RW #F
AR £ 3d 9 HYE 7.9-8.7 m -0.4~-0.2 E d7E AdAdRN FHE "2 5A
mE GW 9 RW Alele] $3ursk Aol 4 Wgls HISEL ALY daN29 Al A A4

8.3~8.9 imolct} 3 GW 9 RW &9 4237 W
4 HYE 21.1~21.5 mo 8.2~83 mZ GW 9}
RW Alojo] £37 Wk Aol d WHYE 129~ 13.2
me| k. kA GW 8 Rw Alole] 3 whaksl 4=
2 Wkl Adl € A9 HAE 47 0.6 mo) 03
mell B3} w&o] 4 Wde] oM fiEHE
7t AdxY A BAe oA ax €& zi
o2 gadn

4, HE

B dFdxae Y A" 7w FEA9
& chiid 7|k o] AE AL HE T
ZAW BA daly)e & A e =3}
2% EYZ FJEY A4 2HGW FF9 3
F 2,300rpm, RW 9] 3145 35pm)ol] dis]A]
g 44 EAS A4 2 Hrlkedth 53] 8
g 34 FiviEe AdE
EArte va £4& F3
E d7E Fdss 4
Al éﬂre Qe st o 2

1 573 A AA7)e] Hd 2x e o
143CTE GW FF4l9 "E ZddA ey
oy BE ZEoAe 4de Eg MIE 9

B 2x Aeole b 79sAT GW FHA
AAzE G54 gt

2) HE Zelo} 2T FHE AYY oW F
FAY & Aol Aoz FAL Ad HY
o] wde] 7|8k Atk 2EL RW FHA Y 2
= ATE AU Ad wolBe] Bde o
ol Auj ol

3) 24T F4 daredAeg Ho € #Yde
44.0 mo)v, GW F5A9] 397 FaolM 2yT
o Aoz ddE°] FFd GW FHAANA
o 4 ¥go] Aoz A e}

4) GW s} RW Atole] 3 Wats} 77 Wik
Fdl @ Hel B2 47 06 m% 0.3 mol £

$7 WEol 249 T4 4719 @ wFe] 9
A4 4EEE AF AREY Ak BAE 204
3 ge Aoz wead.

200

o o8 FAHLLH, ool BA A T

A=y,
Hnes

1. Takeuchi, Y., Mitachi, S. and Nagase, R., “High-
Strength Class-Ceramic Ferrule for SC-Type Single-
Mode Optical Fiber Connector,” IEEE Photonics
Technology Letters, Vol. 9, No. 11, pp. 1502-1504,
1997.

Rowe, W. B., Miyashita, M. and Koenig, W,
“Centerless Grinding Research and its Application in
Advanced Manufacturing Technology,” Annals of the
CIRP, Vol. 38, No. 2, pp. 617-626, 1989.

Cho, S. J., Kim, H. G., Ebihara, Tuskisima, “The
Study on the Development of Ultra Precision
Centerless Grinder,” Journal of KSPE, Vol. 20, No. 6,
pp. 11-14, 2003.

Lee, E. S, Cho, C. R. and Park, B. J., “Development
of Rotary Diamond Dressing System of Centerless
Grinder for Ferrule Grinding,” Journal of KSPE, Vol.
20, No. 6, pp. 15-19, 2003.

Park, C. H., Hwang, J. H. and Cho, S. J, “A Study
on the Feeding System of Centerless Grinder for
Machining the Ferrule,” Proc. of KSPE, pp. 65-69,
2002.

Kim, S. I, Park, C. H. and Cho, S. J., “ Structural
Characteristic Analysis on the Hydrostatic Guide
Way and Feeding System of a High-Precision
Centerless Grinder for Machining Ferrules,” Trans.
of KSME (A), Vol. 28, No. 7, pp. 896-903, 2004.
Kim, S. I. and Cho, J. W., “Structural Characteristic
Analysis of a High-Precision Centerless Grinding
Machine with Concrete-Filled Bed,” Journal of
KSPE, Vol. 22, No. 2, pp. 172-179, 2005.

Park, C. H., “Design and Performance Evaluation on
the Motion Elements of Centerless Grinder,” 3" Mid-
Evaluation Workshop of Intelligent Grinding System,
2004.



