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Numerical Simulation for Interfacial Slip for Shrink-fitted Bimetallic Work Roll
Considering Elastic Deformation of Shaft
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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 shrink-fitted type, the interfacial slip occurs and causes damage between the shaft and the shrink-fitted
sleeve. In this paper, by varying the shaft material, the FEM simulation is performed to realize the interfacial slip. The
effect of the shaft deformation on the interfacial slip is clarified as well as the effects of the shrink fitting ratio, and

motor torque in relation to the slippage zone along the interface.
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Fig. 1 Schematic illustration for real hot strip rolling roll

AT 2) TR



TR EECIEDIHFRERD. £ 2 TRIFZETIE, EELESFMHFICEIVESTHDIL, T—F— L7
AU FC, sl 2 IR A S REN)ICE 2 T FEM T 217\, FUi 330 12 I F 3l oo jpk:
ERDOBER~D. 51T, HRENIINZ ThOEM B E LT, #iOMEZERO R m T~ ~DEE
ZH BT S. %FL%m% CHBTAHEY S 2 b— a3 ko C, JEIES:, BEfRD R & BEEREL
DEBELEHHLT, RETRY~DBREEDD.

2 FEIRYOBIELIaL—avik

INETEELOMNETIE, AV =70 OBE%Z, ERVEZ ORI T, REs U —7LK
LT 01D, Kok, JEESHO R Y — 7R e — Ao BT, RERE—TRY (R
—FRY LHIER) LTS LICT S TabL, (R —TF R0 | OERE LT, B hrsick s T4
BT | ZMAT, FHZ TRE—FT 0| 2525,

12, ABFFETRIG L 45 4 BeUEERSICfE DI D A U — TS SN EAE & — L D JESE P2 BT B
M43, B @), =—/&k S Hihibm, 1(b)i%, = — Vil Z ENEN AL OTHS. 1
IR T AT —T v— UL, $EOENZ, JlEA U — T BREERDICE VI THNTE Y A U — 7 IZIXMEFE
PELBEIPEDO WG N ER SN D120, BT AA ARE 7 1 L7 & OTHERM, NEICIXEE&MN S5
BAEA) =T THERINDION RN THH.

B2z, AFETHEHTIHRES I 2 b—va roxtRaeFiffin — L EEE IS TORT. B — /L& RERS
Y, v— A REOE G A ERE) Tre — LV EERAZ KRBT 5 . B 2(@)ide — A EEET 2 EARe—LTH
%5910, B 2b)iEZNEETMELE LD T, FIHROMAEKEZAIKCLIZETLTHD 2. KRTIE, H
2(c)D L D ZHEAF MR A A LT, B— bHLOZEN ERHRERERT H L & HIZ, AU —7 Ll
EWaZEETDH. TOLORMETEITERICEE L2V L 2R L TEE Smm &35, RSB

N B '. s P v
'_‘ :_ Elastic body : Elastic body Ls
" v Rigid body\' Elastic body \
Sleeve e \
Shaft \< N\
'.“ / .P\ r :: MR E> E> /\T St
\‘\ b /: ( ufélee e
. . r 0 Sleeve Shaft
S g usleeve I/l‘g = ue _u‘g
_________ Sleeve
N u,=1u
;] 7Y 0 0 Detail | g
" Rigid body =
i =

(Displacement and rotation

are fixed)

P

P: Load form back-up roll and hot strip (N) Smallest mesh

6: Circumferential angle of sleeve

§: Frictional force (N) ¢, Load shift interval

P : Bending force from bearing (N) o Load shift angle
T: Driving torque (N m), 7= SD/2
T: Rated torque of motor (N m)
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Fig. 2 Modelling for interfacial slip
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Table 1 Dimensions, mechanical properties and boundary conditions of roll model

Mechanical properties; Young modulus/Poisson’s ratio
Esleeve 210 GPa
Sleeve Vsleeve 0.28
Eshaft 210 GPa
Shatt Vsleeve 0.28
Roll size
Outer diameter of sleeve 700 mm
Inner diameter sleeve d 560 mm
Shrink fitting
Shrink fitting ratio 6/d 0.5x 1073
Friction coefficient between sleeve and shaft u 0.3
External load
13270 N/mm
Concentrated load per unit width P (Total: 1.327x107 N,
Rolled width: 1000 mm)
Frictional force per unit width S* 1346 N/mm
Motor torque per unit width Tm* 471 N m /mm
Resistance torque per unit width Tr* 3193 N m /mm
Bending force from bearing Py 0 N m/mm
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Fig. 3 Displacement due to intial load P(0) and displacements due to load shifting
P(0) ~ P(mr) and P(0) ~ P(2rr) under T=T_ and E_,_.=210GPa
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Fig. 5 Comparison of the slippage zone" for (a) the elastic shaft Esnat=210GPa and (b) the rigid shaft both
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Fig. 6 Increase rate of displacement vs. Eshaft when Esieeve = 210 GPa
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