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

S.IL Kim (School of Aerospace and Mechanical Engineering, HAU) and J.W. Cho (Graduate School, HAU)

ABSTRACT

To perform the finish outside-diameter grinding process of ferrules which are widely used as fiber optic connectors, a

high-precision centérless grinding machine is necéssary. 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 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, has very stable thermal characteristics.

Key Words :

High-precision centerless grinding machine (ZA @ ¥4 A2}7]), Grinding wheel (GW, T2t &),

Regulating wheel (RW, 7 5%, Hydrostatic bearing (-3 ¢ #]©}3), Thermal characteristic analysis
(8 54 8l4), Thermal imaging camera (2 &4 7} 2}, Thermo-couples (2 A ), Ferrule (¥ 2)
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Fig. 1 Scheme of grinding machine

Table | Specification of ferrule

Dimension | 2.5X 10 nm Accuracy 0.2 im
Material Zr0O, Roundness 0.1 zm
Roughness 0.5 um R, | Cylindricity 0.5 ¢m
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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 nm 50, 50 mm
Angles o), oy, 03 | 63°,86.18°,3.82° | 62.5°,80.8°,92°

Axial length 48, 6 o 40, 5 mm
Bearing clearance 20 m 20 pm

Stiffness 241 N/pm 163 N/um
Flow rate of oil 0.72 1 /min 0.82 1/min
Supply pressure 2 W

Density 822 kg/m’

Specific heat 1,800 J/kg'C

Dynamic viscosity
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Fig. 3 Scheme of hydrostatic thrust bearing

Table 3 Specification of hydrostatic thrust bearing

Specification

GW spindle

RW spindle

Di E Dm s Dm' E) Da

64,67,77, 80 an

54, 58,68, 72 np

Angle oy, o, , by

11.91° 63° 4 mn

11.68°, 63°, 4 mn

Bearing clearance 20 um 20 tm
Stiffness 150 N /ym 143 N/um
Flow rate of oil 2.80 1/min 1.53 1/min
Supply pressure 2 MPa
Density 822 kg/m’

Specific heat

1,800 J/kg C

Dynamic viscosity

5 cSt(40°C)

RW Spindis

. R¥ Swivel

Fesd Table
. 8all Seraw

Bed

A S

Fig. 4 Structure of hydrostatic guide way

Table 4 Specification of hydrostatic guide way

Specification Horizontal Vertical
Number of pad 6 12
Pad dimension 120x32 mm 120%32 mm

Bearing clearance 25 (m 25 ym
Static stiffness 480 N/ym 960 N/im
Flow rate of oil 0.65 1 /min 1.30 1/min
Supply pressure 1 MPa

Density 822 kg/m’
Specific heat 1,800 J/kgC

Dynamic viscosity

5 cSt(40C)
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Fig. 5 Virtual prototype and coolant path of grinding
machine
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Table 5 Heat transfer rate of grinding machine

Heat source Heat transfer rate
Hydrostatic journal bearing 370W
Hydrostatic thrust bearing 1.0W
spGich\i/le Pulley-support bearing 1.2 W
Belt pulley 27.0W
Spindle motor 19.9 W
Hydrostatic journal bearing 120W
sp}?:gle Hydrosta}ic thrust bearing 0.0 W
Spindle motor 09w
RW Horizontal hydrostatic guide 0.1W
guide Vertical hydrostatic bearing 02w
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(b) RW section
Fig. 6 Temperature distribution of grinding machine

Table 6 Temperature rise of grinding machine

Position GW spindle| RW spindle
Pocket of journal bearing (left) 6.1TC 24T
Center of wheel spindle 5.6C 3.1TC
Pocket of journal bearing (right)| 5.5C 2.2C
Outer race of ball bearing (left) | 4.1C -
Outer race of ball bearing (right|  4.7C | -
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Fig. 7 Grinding machine and experimental apparatus

Fig. 8 Temperature measuring positions and temperature
distribution of grinding zone

Table 7 Comparison of temperature rises

Position Predicted Measured
@ Inner point of GW 5.6C 55T
@ OQuter point of GW 1.5C H 1.6C
@ Inner point of RW 32T 35T
@ Outer point of RW 0.8C 0.9°C
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Fig. 9 Thermal deformation of grinding machine
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Fig. 11 Vertical thermal deflection of spindles
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