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Analytical investigation of unbounded clad sheets by utilizing slab method and
employing hybrid friction through asymmetrical rolling
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Article Information Abstract
Original Research Paper In this paper, according to slab method an analytical model is presented to study asymmetrical rolling process
Received 13 November 2018 of unbounded clad sheets; in which, based on the process conditions, both of the two frictional models,

Accepted 30 January 2019

Available Augest 2019 including constant shear frictional model and coulomb frictional model, are applied. In the proposed model,

vertical sides of the slabs include non-uniform normal stresses and shear stresses distribution. Equilibrium and

Keywords: yield equations for each portion of upper and lower sheets in the quaternary zones of deformation region are
Asymmetrical rolling extracted by considering assumptions such as, large contact angle and utilization of new stress field, which is
Slab method tried to be as near as possible to the real situation. Then, the bonding point position of the sheets, as well as,
Hybrid friction the upper and lower neutral points’ position, are determined. Moreover, the trend of the most important

Contact point

. process quantities such as, pressure, force and torque of the process which are influenced by the sheet
Neutral point

thickness reduction, ratio of speeds and work rolls radii, are investigated. Additionally, the proposed model is
studied via finite element process simulation using ABAQUS software. Eventually, the results of the proposed
model is compared with the analytical and experimental results of other researchers.
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Fig. 7 Schematic meshing and strain distribution in FE simulation of
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Fig. 19 Comparison of rolling force predicted by present model with
FE simulation and experimental results[9]
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with results of Hwang and Tzou model[9]

g SSlen Joe bosd 4l Jow 5l Canss 0455 (90 dmslie 17 S
[O]s5

(Ry=100 mm; m,=m=0.5; r=30 %; ¥y =0.5; Va=1.1; hi=2 mm;
ku=98.1 MPa; k|=2ku)

9LeiS (gl ol (55 gl gy 4 50 18 IS8 o
g Sl Jaw o daSle glad cons Oyl oy a8
ssaliv aSils .ol ool asloy [9] 55 5 Silsn Jow

3 o pleuts 6 0995 1398 ) gy s 9 313 po w0l al 3959, i bus e


http://www.SId.ir

e ) Bd3bog i Hahldung

5 )3 SBhauol J3o 9 (2B Yy )l odlaiawl by Juaie jug 43V dia G 9 Yol 395 (JUKS () 2

00,5 (giludrd Juale jod 4 90 )5 0Lkl 0,5 aisl b
ek A S Gl L ST amo oo i @l (o) 2
ke e 2008 L 5 Skl 5 b S
Lo S aine rizred iliee Gl 0 98 )LaS dasule
adold o Jlasl dads Caxdge (wlbrs jualS s, il
@S dmlio aas oo &) S5 i adlate (63959 5 (5
bl g vgume loll (gilwdnd bl b ooads &l 2B Juw
Al il oo oals &l Ldos cds oasms las g2
Sgd> 2,20 gl A o oals &l Juw sl awgis

2o ,0 A3 dg0> 10 (s5lwancds bt 4 Cand g s ,e 10/8

b e
,g.g)l.c u.w).e‘ﬁ -6

Ry s S8 Sile goy sS4 FLF,
By wls h
T 9 8999 5 B9 Ll iS4 hy hy
4 S a5 S8 Gl el s S 4
hy, hy
EPYES
Oty S g (SBg3 elad Lol el Ry, hy
Slp bwgie by el Glagis wud S 4
. ki ky,
o 9 S8 sla)s
Sl s By9 o ol Job L
Oy s S8 Sl (Sl o5 my,m,
O 9 S slsile b4 PR,
Y 9o S tie mhae o L8 By
B9 Suals el wo)s 1
ry s B sl gk iy 4 R R,
osale Jobao glass Req
ry s S8 slSile iS4 T T,
JSsas T
B Sle @y Sle Cep Zod V)
s B985 bl CousBse wcnd S 4 Xy, Xy
Jlail alads Coxdge Xp
s mle
lay cwulrs Cows ¥
Glahl 5 XY amio )0 (phy G i 4
Y s x sty o Jloy
Rr 9 S8 slaside uled agly eSS4 0,0,
WY 90 S ie Jad yo pled agly Oy
5 GBP slsile e Copw oS @

Vi Vy
PR

Tyy: Ox: Oy

3 o pleuts 6 0995 1398 ) gy s 9 313 po w0l pl 395 9 il Swiie

gy loged dw o el cvalin B 19 S0 aSSls
3 Silwdand g (s3loidiy Joo gl g 009ei (b 1) (liee
as iyl Jee Giolosl jleas (5,158 s b1y o9 Gollas
5 hp slogis B el (AU Gl | el ol
Coms & (59 s sl 0als 43\)‘ JM 30 (St um;
5 Sy b Al wlidl b 5350 sbewls uals
JUS-UURE SUCIUWE S ) FRN I FP N PR] IP°L SPTGINH Iy SO S DY
g0 (A oSl 9§59 O

dlie 0ol &8l Jow (priwioo jslaie 4 2 Jogaz o
Siloand 9 28 @S el Je Sl Jols mls
20 415 10 5 Glacwlrs jzals sl anld sgame lodl
oS S| 09l o abaxde aSiliz Lol ouls &Il ws e
20lie 5 ooleriny Joo bawgi oud dmihey polie o
cde a8 o)l vgzy 025 lagialesl Sl ead (315 e
sgilwosls I sloyly 51 b lgs so 3 1) B! oyl
30 S oslul glaz imen g dliuse J> 0 a3 S e
Gl Jowe bt e NS Lawgie w0y il
Saib oo 00,0108 s> jo oy slas puSejlail g oo
bugie Hlade 090 awslie gileand mmlu L) Jow gl
Dy oo 2o y0 A3 4y g assl sgage S

Oledl s 5 228 @S b ok @l Joo gl anlio 2 Jgu
d}a.\?bo

Table 2 Comparison between presented model with experimental and
FE simulation results
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