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FRIxHINO—FICH T HHDKTE UBEBNDICKIFTRABRRDREE

Effects of Several Design Factors on the Driving out Force of the Shaft in a
Shrink-fitted Roller

FFHE mER*, R EME*2 &HF s=—*°, BH KE*4
(Nao—Aki NODA) (Guowei ZHANG) (Yoshikazu SANO) (Hiromasa SAKAI)

Abstract

Shrink-fitted ceramic sleeve rollers can be used efficiently for conveying high-temperature steel plates in steel
manufacturing industries. However, coming out of the shaft sometimes happens from the ceramic sleeve during the
cyclic loading because only a small shrink fitting ratio can be used. In this study, numerical simulations are performed
based on the simplified 2D roller model with stopper. The inner shaft gradually comes out until stopped by the stopper
under the standard simulation condition. This is because a kind of driving out force F; is generated on the shaft when
the load is applied. The driving out forces F, can be calculated as the contact force at the stopper. To investigate the
effects of several design factors on the driving out forces, the friction coefficient, shrink-fitted ratio and shrink-fitted
length are changed during the analysis. Suitable conditions are discussed to reduce the driving out force and prevent

this failure.
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Fig. 1 Structure and dimensions of a real ceramic roller Inner plate
model (mm) (3D) 19)

Fig. 2 2D model in the previous paper
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Fig. 3 Generation mechanism of the driving out force F balanced with the reaction F_at the stopper

Table 1 Material properties

Outer plate Inner plate
Material Rigid* Steel Filler*
Young’s modulus (GPa) o 210 52
Poisson's ratio - 0.3 0.3
Tensile strength (MPa) — 600 —
Mass density (kg/ms3) — 7800 7800

*Assumed in the simulation.
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Fig.4 New simplified 2D model with stopper
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Fig. 5 Shear forces £”,F",and driving out force /,generated on the inner plate vs.
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friction coefficient 4
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Fig. 6 The contact length /”, [“"" between the inner plate (upside and
downside) and the outer plate vs. friction coefficient x
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Fig.9 Shear stress distribution 77, rfjw” along both sides of the inner plate when the shrink
fitting ratio d/d is different
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Fig. 11 The driving out force F, in the x-direction vs. shrink fitting length /
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