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ABSTRACT To reduce the cost and weight of cemented carbide roll rings in high-speed wire rod mills, a composite roll

ring structure with an outer cemented carbide layer and an inner alloy steel layer connected by interference fit was

proposed. Based on the thick-walled cylinder theory, taking the ultimate working condition as the benchmark and

incorporating a safety factor of n=2, the safe interference range was calculated to be 0.126-0.344 mm, and a design

interference of 0.16 mm was selected. A three-dimensional static model was established using ANSYS Workbench for

simulation analysis. The results indicate that due to the end effect of the short cylindrical structure (L/D,~ 0.33), the contact

stress on the bonding interface exhibits a distribution characteristic of being higher at both ends and lower in the middle

along the axial direction. The contact stress in the middle region is 30.5 MPa, which is approximately 2.1% lower than the

theoretical value of 33.0 MPa. The simulated equivalent stresses on the inner surfaces of the alloy steel layer and the

cemented carbide layer are 153.8 MPa and 124.7 MPa, respectively, with errors from the theoretical values within 5%,

showing good agreement. The study verifies the applicability of the thick-walled cylinder theory in the interference fit design

of composite roll rings and demonstrates the reliability of the finite element method for analyzing such structures.

KEY WORDS composite roll ring; thick-walled cylinder theory; interference fit; simulation verification
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Fig.1 Schematic diagram of composite roll ring structure

®1 EABRREMRTSHY

Table 1 Dimensional parameters of composite roll

ring structure mm
9D, oD 9d L
285 210 160 95

x2 EREINEGEMMRISH
Table 2 Material parameters of composite roll
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Table 3 Stress coefficients at various positions of composite roll ring (contact stress p)

Hoop stress Radial stress  Equivalent stress

Structural layer Position

Formula o, o O
B 2D?
Inner surface Oy=0 e -4.768p 0 4.768p
Alloy steel layer ‘
D* + d?
Outer surface Oy, =L D -3.768p -p 3.381p
- d
d> + D?
Inner surface O = m 3.376p -p 3971p
Cemented carbidelayer ’
2D?
Outer surface Op, =P+ 2.376p 0 2.376p

d>-D?
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Table 4 Comparison of simulation values and theoretically calculated values at middle position of composite roll ring

Alloy steel layer Cemented carbide

Diametral Alloy steel Cemented . ivalent stress/MP layer equivalent stress/
[tem interference  layerradial  carbide layer radial tCon}ﬁlt)‘ cAmvatent stess T MPa
/mm interference/mm  interference /mm S oo Ea Inner Outer Inner Outer
surface surface surface surface
Theoretical calculation 0.16 0.057 3 0.0227 33 157.3 111.5 131.0 78.4
Simulation analysis 0.1596 0.058 3 0.0215 30.5 153.8 102.2 124.7 77.5
Error 0.3% 1.7% 5.3% 2.1% 2.2% 3.9% 4.8% 1.2%
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Fig. 6 Comparison of equivalent stresses at radial

positions of composite roll ring
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