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NOMENCLATURE

. Friction moment (Nm)
: Load-independent friction moment components (N.m)
: Moment of friction force depends on the composition (N.m)
: Bearing type and lubrication method index
. Operating viscosity (mm?/s),: Bearing Speed (min ')
: (D+d)/2 The average diameter of bearing (mm)
: Including the size of the load
: The forces acting (V)
. Thermal Dissipation (W)
: Bearing rotation (rpm)
. Spin moment
: The Thermal Dissipation generated by the spin moment
: The moment gyros
: The moment of inertia balls
: Thermal Dissipation due to gyros moment
: Rolling moment the loads on
: Thermal Dissipation of the applied load torque
. Protests due to speed of Friction Lubricants Friction Torque
: Thermal Dissipation due to friction torque punctate

. Angular ball bearings in the total Thermal Dissipation

¢ : The infrared absorption (Absorption, reflection)

r . The infrared transmission

G : Infrared reflection (reflection)
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ABSTRACT

A Study on Thermal Characteristics Analysis of Ultra
Precision CNC Spindle

Lee Geon

Advisor : Prof. Kim Jae—Yeol Ph.D.
Dept. of Advanced Parts and Materials
Engineering.

Graduate School of Chosun University

Defect inspection systems in the industrial field to occupy a very important
part in the test method portion of non-contact inspection method have
considerably evolved. This test method using IR camera is providing an
environment that it allows users to get accurate data, easily and quickly. High
speed and efficiency process always requires the task in the field of CNC
machine tool. To get accurate thermal data is very important to perform a
research for the high speed.

The compensation to the thermal stress on the current trend is classified
into two parts. The first method is occurred thermal deformation in the case
of rotationing spindle system to perform machining of metals for the high
speed. The thermal deformation error is often occurred by non-linear

temperature characteristics of around the machine tool in order to minimize

= Vil -



thermal deformation error reducing temperature change occurring cooling oil
in spindle system. However, the temperature change by the repetitive
operation and high rotation is inevitable using this method. The second
method is for compensation thermal expansion offering pre-load assembling
that the temperature change by the repetitive movement and the friction
heat of nut according to occurring thermal expansion to ball screw
machining of metals. However, this method also the temperature change by
repetitive movement of a machine tool is inevitable. The bearing is also
caused to occur serious problems due to the friction heat by sliding friction
as rotations with the high speed. Therefore, we performe thermal analysis
for heating of the analysis and calculation by frictional heat of ball bearing
through analyzing software. The thermal analysis and measuring techniques
have a huge significance of measuring thermal displacement in the part of
spindle from CNC machine tool. This large effect on the thermal
deformation in machine tools and high-speed spindle thermal measurement
techniques are required for the hoop. In this thesis, infrared cameras are
utilized to apply the technique to study the possibility and the measurement

techniques.
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Table 2 Spindle a list of particulars

Model name HMC-560 Machining Center
Top RPM 4000
Motor output 2.2KW
Bearing lubrication system Air Oil Lub
Each bearing contacts 25,
Ball diameter & 8.33
Number of Ball 20EA
Spindle diameter @50
Cooling System Oil Jacket Cooling
Lubricant used Spindle oil (10cSt)

NA ABE AE AUE G4 g8 FAANA AR 2R Ao 1
Aot 7%l Aasith TV AN WS WG Fo AU FHA )
F57) Mo}y el ol$A metelne] 9@ wdo] gtk FAA AHEA
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Table 3 Thermal conductivity according to each component of spindle

Part name Material Conductivity W/mk
Spindle axis SCM420 48
Spindle housing SM45C 47
Other Parts SM45C 47
Bearing inner. ring and outer SUJ2 46
ring
Ball bearings S13N4 29
Housing SM45C 47
Air 0.02624

Fig.19 The 2D drawings of Ultra precision CNC spindle
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Table 4 Comparison of surface temperature value of spindle part
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