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Thermally-induced Mechanical Behavior of the Press-fitted
Cylindrical Structure

Sun-Min Kim*, Sun-Kyu Lee**

ABSTRACT

Internal and external heat sources will cause to deform to machine elements in the contact joint of struc-
ture, which results in the change of contact pressure distribution different from initial assembly. Heat
induced variations of contact pressure will change the static and dynamic properties such as contact stiff-
ness, damping as well as contact heat conduction in the structure. In order to design and control the intel-
ligent machine tool operating in variant conditions more sophisticatedly, the good prediction for the
changes of prescribed properties are strongly required especially in the contact elements adjacent to the
rotational or linear bearing. This paper presents some computational and experimental results in regard to
static and dynamic characteristics of the press-fitted bush and shaft assembly which is a model of the
bearing innerrace and shaft assembly. In the condition of heat generation on the outer surface of the bush,
the effects of changes in the negative clearance and the heat flux on pressure distribution and dynamic
properties are investigated. Results of this study show that the edge effect of the bush and the initial
clearance have effects on the transient dynamic characteristics significantly.

Key Words :Thermal-mechanical characteristics(8#-714/% 54]), Spindle bearing system(FZH o FA),
Contact pressure( %38), Contact stiffness(8&734).
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h, : heat conductance of contact area (W/mK)
P. : contact pressure[Pa]
HB: brinell hardness(Pa]
I, I, - Toughness of contact area[zm])
A,, A, thermal conductivity of material{ W/mK}
A : thermal conductivity of oil = 0.1435[W/mK]
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Fig. 3 (a) Geometric relation of press-fitted cylinders

Fig. 3 (b) Separated model of contact element connecting two
nodes
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Fig. 3 (c) Whole model and thermal B.C.
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i Linear motor
Fig. 11 Experimental setup

Table 1 Geometry of experimental parts

Shaft Bush
Length
in axial 300 40
direction
Quter diameter $50+8 $60
Inner diameter $28 650
Note  § is defined by initial negative clearance for
each part

Table 2 Initial negative clearance of parts

Part 112113}l a]|s jg:
initial .
" Solid
negative
clearance, & 5 10 15 20 | -30 jgiun%
{am]
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e 7A%E 294 Table 29 Uetle 271294
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Fig. 12 Schematic diagram of the measuring system
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Table 3 The effect of different initial negative clearance on
the stiffness and the damping of the press-fitted

cylinder
Part Before
(Inttial assembly After assembly
negative Frequency Frequency Damping
clearance) [kHz] [kHz] ratio & <104
1
2.680 9.794
(Spm )
2
10um 2.713 8.975
———(—L)ﬁ shaft:
(15um) 2.682 2.721 8.955
4
bush: 4.234
(20um) us! 2.724 8.884
5
(-30 um , 2.400 18.166
H7g6)
6
(No joint) 2.737 2.737 8.842
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Fig. 13 The effect of different initial negative clearance on the
stiffness and the damping of the press-fitted cylinder
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Fig. 14 The change of the stiffness and damping due to heat
flux [20m initial negative clearance]
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Fig. 16 Damping factor change with heat flux
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