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Numerical Simulation on Interfacial Creep Generation for Shrink-fitted Bimetallic Work Roll

Hiromasa Sakai, Nao-Aki Nopa, Yoshikazu Sano, Guowei ZHANG and Yasushi TAKASE

Synopsis

: 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 sin-

gle-solid type, and the other is a shrink-fitted assembled type consisting of a sleeve and a shaft. Regarding the assembled rolls, the interfacial

creep sometimes appears between the shaft and the shrink-fitted sleeve. This interfacial creep means the relative displacement on the interface

between the sleeve and the shaft. This creep phenomenon often causes damage to the roll such as shaft breakage due to fretting cracks. Al-

though to clarify this creep mechanism is an important issue, experimental simulation is very difficult to be conducted. Since few studies are

available, in this paper, the interfacial creep phenomenon is simulated by using the elastic finite element method (FEM) analysis. Here, the

roll rotation is replaced by the road shift on the fixed roll surface. It is found that the interface creep can be explained as the accumulation of

the relative circumferential displacement along the interface.

Key words : shrink fitting; sleeve; shaft; surface; slippage; interfacial creep; FEM; analysis; rolling roll; bimetallic roll.
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Fig. 1. Schematic illustration for real hot strip rolling roll.
(Online version in color.)
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(a) Rotation of the real roll. (b) Rotation of the roads in the modeling.

Fig. 2. The rotation of the roll replaced by the discrete shifted loads at interval of the load shift angle ¢,. (Online version in color.)
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Table 1. Dimensions, mechanical properties and boundary
conditions of roll model.

Young’s modulus of steel 210 GPa
sleeve E
. Sleeve - -
Mechanical Poisson’s ratio of steel
. 0.28
properties sheeve v
Young’s modulus of rigid
Shaft shaft Es @
. Outer diameter of sleeve 700 mm
Roll size -
Inner diameter sleeve d 540 mm
Shrink fitting ratio 6/d 0.5 %107
Shrink fitting Friction coefficient 03
between sleeve and shaft 1 .
13270 N/mm

Concentrated load per unit

. 7
thickness P Total: 1.327 x 10’ N

Rolled width: 1000 mm

Frictional force per unit

i 0 N/mm
External force thickness
Motor torque per unit
thickness 7' 0 N/mm
Bendmg force from 0 N/mm
bearing P,

(Displacement and : 5

¢, Load shift interval

¢: Load shift angle
(b) A simplified model by putting
(7, S, Pr=0).

Elastic body
(Steel)

__, Sleeve Shaft \
=y —Uy

Rigid body
(Displacement and
rotation are fixed)

6: Circumferential angle of sleeve | ¢,

52 mm

(c) More simplified model by assuming
rigid shaft (7', S, P» = 0).

Fig. 3. Modeling of FEM 2D model. (Online version in color.)
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Fig. 5. Effect of the load shift angle ¢, on the displacement

u;©7)(0) at Point A due to the load shift y=0—¢. (Online
version in color.)
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(b) Definition of the displacement ;) (©)~P(o) (©) meaning
u,(0) due to P(0)~P(¢p).

(a) Definition of P(0)~P(p)meaning the pair of the loads
shifting from ¢ =0 to ¢, and ¢ = to (n + @) as P(0)~P(p).

Fig. 4. Definition of interfacial displacement u/©*®(6) due to the shifted load P(0)~P(p). (Online version in color.)
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Q) REIZHT 2 2 — T OMSZERu, O 0) 13 IFIF
180° HHIZIEE D ¥ — 2 BRI 34 L (Fig.6), Z D
SN ) O VI RSB o 1 IFIT LM L TIN5
ZEe&INLZ (Fig7)o THEHREZ ) — T H, —Jm
NOZERNOER GRAZNOZER) ckbEL TS
72Th 5,

(3) ¥ E P (0) & 04U B2 u,”(0) 134 EHDOE)
P (0) ~P (p) 12 & 0 WRFRME & Jou, faf EFL B D28
k&< %5 (Figs (b) ZH) . ZOMRNZER OIS
FRMEAL A DR B 2 23 S A EAE) A7 1A (v — )L Al 77 )
NZEMARBELTC, Rz ) —ThAEREEZ 6N 5,

(4) (3) THR7=ZN DIEMFRMEA &1, Bff &R 725%
RN > 2R ITCOSHIZRES W, bbb
ZALOFHE GRRZR, IO TA) ICX->THELS T
& &bz (Fig9) .

(5) B L=t L, Bfii L 22858 0 Rl o) o ik
BTN DIFAEE, T DTN IE THREIZE AT

2) =7 H . REAET— )L O BERD I AE TS A7) — T DRt 32— a3y

PWEAES B Z & & TR L 7= (Figs, 9). Z DFRHEANT
DAFAED, FT_E DDA O IFRME % Kbt % EA
ThdEHITENERMOBROIICE>TNEED LR
T ZENnTE B,
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