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Thermal Stress Analysis for Shrink Fitting System Used for Ceramics Conveying Rollers in the
Process of Separation

Wenbin LI, Hiromasa SAKAL Shota HARADA
Yasushi TAKASE, Nao-Aki NODA and Yoshikazu SANO

*! Department of Mechanical and Control Engineering, Kyushu Institute of Technology
Sensui-Cho 1-1 Tobata-Ku, Kitakyushu-Shi, Fukuoka, Japan

Steel conveying rollers used in hot rolling mills must be exchanged frequently at great cost because hot conveyed strips
induce wear and deterioration on the surface of roller in short periods. In this study, new roller structure is considered which
has a ceramics sleeve connected with two short steel shafts at both ends by shrink fitting. Here, the ceramics sleeve may
provide a longer life and reduces the cost for the maintenance. However, after used for a period the steel shaft has to be pulled
out for exchange. Simply, heating outside surface and cooling inside surface of the shaft are necessary for separation.
However, attention should be paid to the maximum thermal stress of the ceramics sleeve in the process of separation. In this
paper, finite element method analysis is applied to the structure and thermal stress has been calculated with the varying
dimensions of the structure. Also several effects on thermal stress have been investigated, such as the effect of shrink fitting
ratio, outside diameter, the fitted length, thickness of shaft, materials and so on. Finally the most appropriate thermal
conditions to reduce maximum stress and make separation easy have been discussed which is very useful for designing of
new rollers.
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Fig.1 Layout of conveying rollers
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(a) Conventional roller Shatt (b) Shrink fitting roller
(c) New shrink fitting roller (Model A) (d) New shrink fitting roller (Model B)
Fig.2 Roller structure
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Fig.4 Atmosphere temperature Fig.5 Real roller model with coordinate (mm)
Table 1 Values of heat transfer coefficient « and
emissivity ¢ along the r, z (mm) coordinate in Fig.6
Table2 Material properties
Heat r=135, z=+ 590~800 - :
(Forced convection, =50 (WIm2K) Ceramics | Ceramics | Steel
Radiation) £ =04 H | (H\200)
Young’s modulus
r=20, z=+ 590~1150 300 294 210
Water cool . ) [GPa]
. a=1.163x10" (W/m"K)
(Forced convection) e =0 Poisson’s ratio 0.28 0.27 0.3
Tensile strength
r=105, z=0~+ 590 500 500 600
[MPa]
r=135, z=0~+ 590
=20~ =+ Mass densit
r=20-105, 2=+ 590 oo 3200 3260 | 7800
Air cool r=105~135, z=+ 800 [kg/m’]
(Natural convection) r=50~105, z=+ 800~1150 Thermal conductivity | 62.5(393K) | 17(393K) -
(shaft surface) [Wim-K] 12.5(1273K) | 3.4(1273K)
- 2, Thermal expansion
=50 (W/m"K) - 3.0x10° | 3.0x10° |145x10°
€ =0 coefficient [1/K]
=105~ = Specific heat
r=105~135, z=0 p 680 650 477
Insulation r=20~50, z=+ 1150 [JkgK]
Emissivity 0.4 0.4 0.4
@
1.0x
10°W/m* K
2 2
2 H
I 2 2
H 4
2 3
( )
(Model B) 3760 4347
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Fig.6 Temperature history in the whole process of separation z coordinate [mm]
(6/d=3.0x10" Fig.7 Temperature distribution along the interface when
the maximum stress appears (5/d=3.0x10)
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Fig.8 Temperature distribution of sleeve when maximum stress
exists at 62465 (5/d=3.0x10)
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Fig.9 Stress distribution along r direction where and Fig.10 Stress distribution on the contact area when
when maximum stress appears (6/d=3.0x10") maximum stress appears (5/d=3.0x10%)
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(a) Dimensions (mm)  (b) Thermal Boundary condition (c) Mechanical Boundary condition

Fig.19 Five double cylinder model

Table3 Values of heat transfer coefficient « and
emissivity ¢ along the r, z (mm) coordinate in Fig.3

N

Heat r=135, z=+ 0~210

@ 270
@ 210
@ 150

(Forced convection, | ¢ = 50 (W/m*K)
Radiation) | - =0.4
r=105, z=+ 0~210
Water cool

a =1.163x10* (W/m*K)
=0

(Forced convection) 210

Insulation r=75~135, z=0,210

Fig.20 Double cylinder model with coordinate (mm)
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Table 4 Separation finishing time (model, 2, 3)
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Fig.21 Ay, vs. Contact area for five double cylinder model 4,5 (6/d=3.0x107)
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Fig.22 y_ vs. Contact area for double cylinder model 4,5 and Model B (6/d=3.0x10
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Fig.24 Thermal deformation of double cylinder model 4,5 (6/d=3.0x10™)
(magnification of displacement: mmx 50)
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