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Abstract. The bimetallic work rolls are widely used in the roughing stands of hot rolling stand
mills. The rolls are classified into two types: one is a single-solid type, and the other is a
shrink-fitted construction type consisting of a sleeve and a shaft. Regarding the assembled rolls
consisting of a sleeve and a shaft, the interfacial creep phenomenon can be seen between the
shaft and the shrink-fitted sleeve. This interfacial creep phenomenon causes the relative
displacement on the interface between the sleeve and the shaft. Although to clarify this creep
mechanism is important issues, experimental simulation is very difficult to be conducted. In
this paper, the interfacial creep phenomenon is realized by using the elastic finite element
method (FEM) analysis. It is found that the interface creep can be regarded as the accumulation
of the relative circumferential displacement on the interface of the sleeve and the shaft.

1. Introduction
The bimetallic roll is used at the roughing stands of hot rolling stand mills as shown in figure 1. The
bimetallic roll is usually manufactured by using centrifugal casting method. However, so-called
assembled rolls are sometimes used for large diameter roll having more than 1000 mm [1] and Hshaped steel rolling rolls [2,3] by connecting a hollow sleeve and shafts due to shrink-fitting. Although
the wear and surface roughness soon appear on the roll body, the shaft can be reused in this assembled
structure. Furthermore, it is easy to provide high wear resistance property to the sleeve. However, the
shrink-fitted structure has some inherent problems such as roll residual bending deformation [4-6],
shaft breakage due to fretting cracks and interfacial creep. This creep phenomenon often causes
damage to the roll, although few studies are available.
It is known that this creep phenomenon can be regarded as relative slippage as a common
phenomenon in rolling bearing [7]. Mainly, two types of slippage is known as the creep phenomenon
in the bearing. One is the relative slippage appearing in the same circumferential direction as the
bearing rotating direction [8]. The other is the relative slippage appearing in the opposite
circumferential direction to the bearing rotating direction [9]. It is also known that one of the relative
slippage appearing in the opposite direction is caused by the accumulation of elastic deformation.
However, few study is available to realize the creep phenomenon in the numerical simulation that is
useful for investigating the detail.
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Figure 2. 2D FEM model and boundary
conditions.

Figure 1. Real rolling roll dimensions with
load conditions.

In this study, therefore, the interfacial creep phenomenon will be realized by using the elastic finite
element method (FEM) analysis. Here, elastic deformations will be considered as the most
fundamental factors causing the interfacial creep in the rolling roll.
2. FEM modelling to realize the interfacial creep in work roll
In this research, to realize the interfacial creep, a 2D model as shown in figure 2 will be considered.
Due to the effect of the elastic deformation on the interfacial creep, the elastic body and rigid body are
used in the 2D model. As shown in figure 2, the load from the support roll and the load from the hot
strip are applied to this model. The concentrated load from the support roll and the hot strip are
balanced, therefore, R = 0 in figure 1. The rolling torque from the motor is not considered, therefore, T
= 0 in figure 1. Additionally, the influence of the thermal expansion of the sleeve on the interfacial
creep can be neglected. Therefore we didn’t consider it in this paper.
In this study, the interfacial creep will be studied by applying the finite element method (FEM).
The FEM is one of the most used numerical modeling techniques, which can be used for many
engineering applications conveniently [10-15]. The number of elements of the model used in this
study is 46080. Static structural analysis is performed to the roller by using MSC Marc Mentat 2012
with full Newton–Raphson iterative sparse solver of multifrontal method. In this study, a twodimensional elastic FEM analysis can be applied because the loading condition does not exceed the
yielding stress for the steel sleeve.
As shown in figure 2, dimensions of the roller is considered whose outer diameter D = 700 mm.
Here, the roller consists of steel sleeve and rigid shaft connected by shrink ﬁtting. The shrink ﬁtting
ratio is deﬁned as δ/d, where δ is the diameter difference and d is the inner diameter of the sleeve d =
560 mm.
As shown in figure 2, the sleeve material is steel whose Young’s modulus E = 210 GPa, Poisson’s
ratio ν = 0.28, density ρ = 3.2×10-6 kg/m3. Also, the friction coefficient between the interface of the
sleeve and the shaft is μ = 0.3.
3. Analysis result of the interfacial creep in work roll
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Figure 3. Interfacial displacement 𝑢𝜃
(𝜃) at 𝜃 due to the shifted
load.
3.1. Determination of the interfacial creep
In order to determine the interfacial creep, the relative circumferential displacements between the
interface of the sleeve and shaft will be focused. In this analysis, since the relative circumferential
displacement on the interface of the sleeve is equal to the absolute circumferential displacement on the
interface of the sleeve because the rigid shaft is fixed. Therefore the circumferential displacement on
𝑃(0)～𝑃(𝜑)

the interface of the sleeve will be used to determine the interfacial creep. Assume that 𝑢𝜃
(𝜃)
is the circumferential displacement on the interface of the sleeve. Figure 3 shows the definition of the
𝑃(0)～𝑃(𝜑)

interfacial displacement 𝑢𝜃
(𝜃) under the shifted load from φ = 0 to φ = φ.
To simulate the coming out behaviour, the roll rotation is replaced by the shifted load P [16,17] in
the circumferential direction on the ﬁxed roll as shown in figure 2. The roller is under a concentrated
to load P = 13700 N/mm. As shown in figure 2, the continuous load shifting can be replaced by
discrete load shifting with load shift angle φ0, which is usually used as a standard discretization
numerical analysis. Here, a smaller angle φ0 provides accurate results but large computational time.
Therefore, the optimal angle φ0 should be discussed by investigating uθ with varying the shift angle, φ0
= 12°, φ0 = 8°, φ0 = 4°, and φ0 = 0.25°. Figure 4 shows uθ focusing on the interfacial creep. Although
the result for φ0 = 12°and φ0 = 8°are different from others, the result for φ0 = 0.25°and φ0 = 4°are
almost coincide with each other. Since the effect of discrete load shifting is less than a few percent if
φ0 ≤ 4°, it may be concluded that the load shifting angle φ0 = 4°is the most suitable to reduce large
calculation time without losing accuracy. In the following calculation the load shift angle φ0 = 4°will
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Figure 4. Displacement of the sleeve interface point A when θ0 = 0.25°, 4°, 8°and 12°.
𝑃(0)～𝑃(𝜑)

be used consistently. From figure 4, initially, the displacement of the point A is 𝑢𝜃
< 0. This
is because the point A is pushed counter-clockwise direction due to the concentrated load on the lower
side. Thereafter, the influence of the concentrated load on the upper side is increased, and the point A
𝑃(0)～𝑃(𝜑)

is pushed clockwise direction. As a result, the displacement of the point A is 𝑢𝜃

> 0.

3.2. Displacement on the interface of the sleeve uθ
Figure 5(a) shows the displacement distribution when the loads are applied at φ = 0 and φ = π defined
𝑃(0)～𝑃(2𝜋/15)

𝑃(0)
as (a) 𝑢𝜃 (𝜃). and also (b) 𝑢𝜃
(𝜃). When the concentrated loads P (φ) are applied at φ =
0 and φ = π as P (φ) = P(0), the deformation is symmetric with respect to the loading points φ = 0 and
the displacement is skew-symmetric. In other words, we have

−𝑢𝜃𝑃(0) (−𝜃) = 𝑢𝜃𝑃(0) (𝜃) (𝜑 = 0, 0 ≤ 𝜃 ≤ 𝜋).

(1)

𝑃(0)～𝑃(2𝜋/15)

Figure 5(b) shows the displacement distribution 𝑢𝜃
(𝜃). In this case, the concentrated
loads P (φ) are initially applied at φ = 0 and finally at φ=2π/15 denoted as P (φ) = P (0) ~P (2π/15). In
figure 5(b), the deformation is not symmetric anymore with respect to the final loading points φ =
2π/15.
𝑃(0)～𝑃(𝜑)

−𝑢𝜃

𝑃(0)～𝑃(𝜑)

(−𝜃 + 𝜑) ≠ 𝑢𝜃

(𝜃 + 𝜑) (𝜑 > 0, 0 ≤ 𝜃 ≤ 𝜋)
𝑃(2𝜋/15)

𝑃(0)
Figure 5 also shows the average value of the displacements 𝑢𝜃,ave.
and 𝑢𝜃,ave.
𝑃(0)～𝑃(𝜑)

displacement along the interface of the sleeve 𝑢𝜃,ave.
𝑃(0)～𝑃(𝜑)

𝑢𝜃,ave.

1

2𝜋

4

. The average

is defined in equation (3).

𝑃(0)～𝑃(𝜑)

= 2𝜋 ∫0 𝑢𝜃

(2)

(𝜃)𝑑𝜃

(3)
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Figure 5. Distribution of displacement of the sleeve interface 𝑢𝜃
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Figure 6. History of average of displacement of the sleeve interface when P is shifted.
𝑃(0)
Under the initial loads P (φ) = P (0), we have 𝑢𝜃,ave.
=0. This is because the displacement
distribution is symmetric. On the other hand, under the shifted loads P (φ) = P (0) ~ P (2π/15), the
𝑃(2𝜋/15)
average value 𝑢𝜃,ave.
is not zero anymore because the displacement distribution is not symmetric.
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𝑃(0)～𝑃(𝜑)

Figure 6 shows the relationship between the average displacement 𝑢𝜃,ave.

and the load shift

𝑃(0)～𝑃(𝜑)

angle φ. From figure 6, it is found that 𝑢𝜃,ave.
increases with increasing φ. It may be concluded
that the interfacial creep occurs as soon as the load shifting starts.
4. Conclusion
⚫ The interface creep phenomenon was realized through quiz-static structural FEM analysis
assuming the elastic sleeve and rigid shaft by shifting the load P on the fixed 2D work roll.
⚫ The interface creep phenomenon was discussed by focusing on the relative circumferential
displacement on the interface of the sleeve and the shaft. The interface creep occurs due to the
collapse of the symmetry of the deformation of the sleeve.
⚫ The interface creep can be regarded as the accumulation of the relative circumferential
displacement on the interface of the sleeve and the shaft.
⚫ The average of the relative circumferential displacement on the interface of the sleeve and the
𝑃(0)～𝑃(𝜑)

shaft. 𝑢𝜃,ave.
increases with increasing the load shift angle φ. That means the interfacial
creep occurs as soon as the load shifting starts.
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