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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. The bimetallic work rolls are 
widely used in the roughing stands of hot rolling stand mills. Regarding a shrink-fitted 
construction type, the interfacial slip sometimes appears between the shaft and the shrink-
fitted sleeve. This interfacial slip can be regarded as the relative displacement between 
the sleeve and the shaft. In this paper, the stress due to the interfacial slip is studied 
because the stress may cause the sleeve fracture. It is found that the stress in the shrink-
fitted surface is slightly decreased with increasing number of rotations n. Therefore, the 
stress obtained by the simulation at n= 2 can be used to estimate the fatigue strength. 
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1.   Introduction 

Rolling rolls are essential to the iron and steel industries, and therefore lots of efforts 
have been done to improve their mechanical properties. Fig. 1 illustrates the rolling roll in 
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 assembled type consisting of a sleeve 
and a shaft. In shrink-fitted sleeve roll, although the wear and surface roughness soon 
appear on the roll body, the shaft can be reused. However, it is clarified in the previous 
study that this shrink-fitted structure has generated the interfacial slip between the sleeve 
and the shaft.1-3 Furthermore, in order to consider the roll breakage caused by the stress 
due to the interfacial slip, the stress state in the shrink-fitted surface will be focused in 
this paper. 
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2.   Numerical simulation method of interface slip under the action of shaft drive 
torque 

Fig. 1 illustrates two-dimensional modelling in numerical simulation. Fig. 1a illustrates 
the central cross section of real roll and Fig. 1b illustrates the real roll by shifting the load 
on the roll surface with the roll center fixed. Here, the motor torque T is balanced with 
the frictional moment S as T = SD/2 where D is the sleeve outer diameter. Fig. 1c shows 
the analysis roll model that is used in the study. In Fig. 1, the roll is subjected to 
compressive force P from the back-up roll, the rolling reaction force Ph, the frictional 
force S from the strip, the bending force Pb from the bearing and torque T from the motor. 
Since two-dimensional model is applied, the external force per unit length should be 
considered. The loading condition used in this study is the concentrated loading P from 
the back-up roll and the reaction P from the strip with P = 13270 N/mm. Here, when the 

(b) Real roll. (c) Analysis roll model. 
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Fig. 1. Modelling and simulation for interfacial slip when P is the load from back-up roll and hot-strip, S 
is the frictional force, Pb is the bending force from bearing, T is the driving torque. 
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Fig. 2. Interfacial displacement for shaft Young’s modulus  𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎= 210 GPa in comparison with 
𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 → ∞ . 

𝒖𝒖𝜽𝜽, 𝒂𝒂𝒂𝒂𝒂𝒂.
𝑷𝑷(𝟎𝟎)~𝑷𝑷(𝝋𝝋) =

𝟏𝟏
𝟐𝟐𝟐𝟐

� 𝒖𝒖𝜽𝜽
𝑷𝑷(𝟎𝟎)~𝑷𝑷(𝝋𝝋)(𝜽𝜽)𝒅𝒅𝒅𝒅

𝟐𝟐𝟐𝟐

𝟎𝟎
 

Eshaft→∞  

Eshaft=210GPa 

𝑢𝑢 𝜃𝜃
,𝑎𝑎
𝑎𝑎𝑎𝑎

𝑃𝑃(
0)

~
𝑃𝑃(
𝜑𝜑

) ( 𝜑𝜑
)  (

m
m

) 



 Stress due to interfacial slip causing sleeve fracture shrink-fitted work roll 3 
 
rated torque of the motor is Tm = 471 Nm/mm, the frictional force can be calculated 
as S = 1346 Nm/mm. The shrink-fitting ratio is defined as δ/d, where δ is the diameter 
difference between the inner diameter of the sleeve and d is the sleeve inner diameter. In 
this study, δ/d = 0.5 × 10-3 is used with the friction coefficient µ = 0.3 between the sleeve 
and the shaft. 

In this analysis, the circumferential relative displacement at the interface between the 
sleeve and shaft when load move from the angle 𝜑𝜑 = 0𝑜𝑜  to 𝜑𝜑 = 𝜑𝜑  is defined as 
𝑢𝑢𝜃𝜃
𝑃𝑃(0)~𝑃𝑃(𝜑𝜑). Here, notation φ denotes the load shifting angle and θ denotes the position 

where the displacement is evaluated. Thus, the accumulation of the displacement is given 
by the Eq. 1. 
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0                                     (1) 

Fig. 2 shows the interfacial displacement 𝑢𝑢𝜃𝜃,𝑎𝑎𝑎𝑎𝑎𝑎.
𝑃𝑃(0)~𝑃𝑃(𝜑𝜑) by rotating the load twice for shaft 

Young’s modulus 𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 → ∞ and 𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎= 210 GPa. From the figure, the amount of 
interfacial slip 𝑢𝑢𝜃𝜃,𝑎𝑎𝑎𝑎𝑎𝑎.

𝑃𝑃(0)~𝑃𝑃(𝜑𝜑) increases almost linearly with increasing the load shift angle 𝜑𝜑. 
The interface slip may occur as soon as the load shifting starts.  

3.   Stress on the inner surface of the sleeve 

In the sleeve assembly type roll, it should be noted that the circumferential slippage 
sometimes occurs even though the resistance torque at the interface is larger than the 
motor torque. Due to this slip, a localized adhesion occurs and causes a crack initiation. 
Then, the crack propagates and form a groove-like flaw. The repeated stress 
concentration at this flaw increases the flaw dimension and finally cause sleeve fracture.4 

In this way, the stress 𝜎𝜎𝜃𝜃 appearing at the shrink-fitted surface should be estimated since 
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Fig. 3. 𝜎𝜎𝜃𝜃,𝑇𝑇
𝑃𝑃(0)~𝑃𝑃(2𝜋𝜋),𝜎𝜎𝜃𝜃,𝑇𝑇

𝑃𝑃(0)~𝑃𝑃(4𝜋𝜋) and 𝜎𝜎𝜃𝜃,𝑇𝑇
𝑃𝑃(0)~𝑃𝑃(6𝜋𝜋) when number of rotations n = 1, 2 and 3 of 𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 → ∞ and 
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𝜎𝜎𝜃𝜃,𝑚𝑚𝑚𝑚𝑚𝑚 = 171 𝑀𝑀𝑀𝑀𝑀𝑀 

𝜎𝜎𝜃𝜃,𝑚𝑚𝑚𝑚𝑚𝑚 = 16 𝑀𝑀𝑀𝑀𝑀𝑀 

𝜎𝜎𝜃𝜃,𝑚𝑚𝑚𝑚𝑚𝑚 = 121 𝑀𝑀𝑀𝑀𝑀𝑀 

𝜎𝜎𝜃𝜃,𝑚𝑚𝑚𝑚𝑚𝑚 = 72 𝑀𝑀𝑀𝑀𝑀𝑀 
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𝜎𝜎𝜃𝜃 is the largest stress component and causes such damage. 
Fig. 3 shows the stress distribution 𝜎𝜎𝜃𝜃,𝑇𝑇

𝑃𝑃(0)~𝑃𝑃(2𝜋𝜋), 𝜎𝜎𝜃𝜃,𝑇𝑇
𝑃𝑃(0)~𝑃𝑃(4𝜋𝜋)and 𝜎𝜎𝜃𝜃,𝑇𝑇

𝑃𝑃(0)~𝑃𝑃(6𝜋𝜋) when the 
number of rotations n= 1, 2 and 3, respectively, for (a) 𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 → ∞ and (b) 𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎= 210 
GPa. In Fig. 3a, there is almost no difference in the stress distribution 𝜎𝜎𝜃𝜃 when n= 1, 2 
and 3. From Fig. 3a, the maximum stress is 𝜎𝜎𝜃𝜃,𝑚𝑚𝑚𝑚𝑚𝑚= 121 MPa and the minimum stress 
is 𝜎𝜎𝜃𝜃,𝑚𝑚𝑚𝑚𝑚𝑚= 72 MPa. In Fig. 3b, the interfacial stress obtained shows differences in the 
stress distribution when n= 1, 2 and 3. From Fig. 3b, the maximum stress is 𝜎𝜎𝜃𝜃,𝑚𝑚𝑚𝑚𝑚𝑚= 171 
MPa and the minimum stress is 𝜎𝜎𝜃𝜃,𝑚𝑚𝑚𝑚𝑚𝑚= 16 MPa. Regarding the possibility of fatigue 
fracture from the inner surface of the sleeve due to these stresses, it is known that the 
inevitable tensile residual stress has a large effect on the inner surface of the sleeve. 

The stress amplitude at which failure occurs for a given number of rotations is 
simplified in Fig. 4. In Fig. 4, stress amplitude 𝜎𝜎𝑎𝑎 and mean stress 𝜎𝜎𝑚𝑚 for 𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 → ∞ 
shows almost constant values as n increases. As for 𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎= 210 GPa, the fatigue strength 
shows the safety variation because stress amplitude 𝜎𝜎𝑎𝑎 and mean stress 𝜎𝜎𝑚𝑚 decreasing as 
the number of rotations increases.  

4.   Conclusion 

In this paper, the stress due to the interfacial slip is studied because the stress may cause 
the sleeve fracture. In this study, the circumferential stress 𝜎𝜎𝜃𝜃 should be estimated since 
𝜎𝜎𝜃𝜃 is the largest stress component and may cause sleeve damage. From the analysis, it 
was found that the stress in the shrink-fitted surface for 𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 → ∞  shows almost 
constant values as the number of rotations n increases. As for 𝐸𝐸𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎= 210 GPa, the stress 
in the shrink-fitted surface is slightly decreased with increasing n. Therefore, the stress 
obtained by simulation at n= 2 can be used to estimate the fatigue strength.  
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