440-431 Yoo 7 o)lould 17 6993 1396 yu0 ()30 SlKo (S Iiye dlxo

Aadg 3 ele aslinle

. . :;7 io=

¥ g0 S0 (wikngo = &
Yan\=
mme.modares.ac.ir UT,«/.."._"{;:?M

ORol 3595 AT 10 HLid 9 9 i SBI Caga i 9 gl I gl WG 26 Ll
Jio s Y95 &9
25595 e ds 9y 2

Ov %AE | Ov %A L Eaawd EyARY EIYAWE Y W
Ov%AE | Ov%AE a@WoEyv?® |

aliparvizi@utac.ir 11155(4563 C@yE~p 1 | 0 v %A f

S Al ol
Cwagw a° EAd O LOMmEavd %R d Wz e AmEILA YA & i & € | sawi Cl
C o, AwAv %z CdCORElPIoameRboniA 17eosIy %R ¢ i 1396 ¢ EALLC 5 8
y  ewiathiav ¢ Yvaak 6 & ¢ Bwib E UK ABDS Aya § 01 ¢ Wy sons S
01 cOuvaziev)Béy VARG wOU * %AU ARQE@&D (e a° Bt 1 AA Y E0wh
vBwCl AP BKE %Uy¥%daA Ar WREMA ERs #rASYARBDE§ E wé
y yeyY y Abd« ¢v EET 00w AlG3a ¥QBWIE |iCeRdYEA-7 | a%wa:
°pejema ywWCy V YwEiadn && wAwasA UpOA AGA G e Vi 6l ou %Ca
vy %6 CA%%z itoxha AKGA CRiCed~p vy Ewalyke & GHwe A yev y /
6wavYEu wawBgu ®iawky QWBAECAAS ¢ow? w-da O y ¥

c¢weEawi CA«AE o6zwé AQVACU Az °pej %d %

Slab analysis of front and back tensions effects on decreasing force and pressure
in asymmetrical rolling process of unbonded clad sheet
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ARTICLE |NFORMATION ABSTRACT
Original Research Paper Some appropriate characteristics like corrosion resistance, higher strength, and higher thermal and
Received 01 May 2017 electrical conductivities cause that applications of clad sheets have been recently increased significantly
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° : in industries like production of electrical and electronic switches. In this paper, an analytical solution
Available Online 04 August 2017

based on the slab method analysis is presented to investigate the asymmetrical rolling of unbonded clad

Keywords: sheet._ Roll radii, roll speeds, friction condition be_tween s_urfaces, as vv_eII as t_he y_ield stress ratio of
Slab analysis material of sheets are parameters of the asymmetrical rolling that considered in this paper. The non-
asymmetrical rolling uniformity of the shear stresses and the uniformity of the normal stresses at the vertical sides of each
unbonded clad sheet slab across the portion of the deformation material is taken into account through the plastic region. The

back and front tension

foree behavior of material in plastic region is considered to be rigid-perfectly plastic. The main goal of this

paper is to investigate the simultaneous effect of back and front tension and asymmetrical parameters on
normal stresses and pressure distributions along the contact area of rolls and sheets for the first time in
order to decrease pressure and force in the process. The effects of these parameters on the positions of
the neutral points on the upper and lower rolls are also investigated. Moreover, the maximum back and
front tensions to avoid slipping of the sheet are determined. The results show that by applying the
proper amounts of tensions to the sheet at the entry and exit of deformation zone, pressure and force
values could be reduced, considerably.

ol )L 8,95 Wl B oy, e S| (S wossl s sl oy doio -1
eld ol jo 4 sgdice bl 50,5 anlE a4 olanl oy anl s o5 s o b aY wis sla,s 5l eslinal Wy, Sl ey 1,5
o o Stle Shol Ll 5 6y dacKile e e p aSEE g e Soy05 4 eaglin Vb plnial aiile by ol e ol
Glad el cde a4y 0)58 aiul )8 £o5 cpl asl Solise sy cwls b g 03 S Bygots E,e (pl CEle Glahg, drws YU SO ESUl colas
w8)F )13 axgi 9590 ol 51 A 555 Bras el sliiS w5 5950 a Yoz glag)s oy lagby, Gm 5l el a8 S )8 aslllas 550

Please cite this article using: 2 Lod o3l Jod oyl 1 o ol & gla ) (gl

M. Masrouri, A. Parvizi, Slab analysis of front and back tensions effects on decreasing force and pressure in asymmetrical rolling process of unbonded clad sheet, Modares Mechanical
Engineering, Vol. 17, No. 7, pp. 431-440, 2017 (in Persian)


http://mjmec.ir/

S92 A 9 89 ke SMo

daa.'i.o)._n_.éqyséé)go)mabé)yéi{r)é)é)m,9)ﬁiMU%#,,#)IJM*@U@GM

J> 58 ¥olee gl izl sl [12] SlasaS 5 panbo 0l oy Ll 095
e Oye &l Gy Jlp S B 9,8 Glamie 55
Gl ly o 25 o [13] o) Sen 5 Sl o 5 s o e lesSy
Soye ar Jloy (25 @l e 0 ol o oS W S Wl Gy ol o5
PSSP e O gon g8 50 oosee 1ld 65, Sn AT 9 HIESy
hr o o e b [14] GiSen 5 (55 sl oad w8 S L
b ol )y (ol dnlns 5 gl 51 Sy o (g0g90s @lo (g9, p 19S5l
Qo) a2 pl 4 Jlasl aais g i bl liaS o9 (59, il
pll sl slosyge (glaS 5 gy JLad (SBp 25 GB)5 Sl o b aS
b ge phals an
256 090 50 sladdllas a5 035 atie Aegh dinie ow)p b
Pl Y 50 G55 0yl 058wl B slayiall p e g gl I aS
Sl e 5 sl 31 S 8,5 L85 5o L et 450 s o il
©ogee gl G a4 Jlesl 5 lawe ly 0l Jow S ol ogd o0
S G g CHeSs goges G o] ,0 a5 b e al)) 5,55 4l
Sl 5305 o5 I8 S 53 b s 55 0 43,5 5185 5 Sl
40,9 4>l jled ol Jl 4 o Jedlyans alolas o azd 5 \lai o 28
oSl s dolas 4 55,0 Ly Jloel b cales ;o el aslgs cawd
JelS ke ol b oluly ] se s 4y Lid gl ilos >
=0 g 0,9 4l jo jlid aier Jlogel gl o dbne s bl
bl @ig l e g ol 5l iS g GHlEL Glaall lojen

Rty

Wl 9 (22l Joae -2
Wl 5l a5 Y 9o (59 o)l 8,9 anlp Seoled M1 K" o
2 S By 90 (JSL Blhe el oud ool i wies Jate 8
oy 42 (295 52 Mo 9 (599)9 y0 i JS liS)] 5 wly Csld b Jae
9 035 Fes b B ol @b Bys Nsbee 25 ol slasule
ol > )3 g5 Al I (Bl alold X jemme 0l (6 eS8 ke (25
59 351y 5l 003,08 gas amio by jeme cnl @bl e o] lase 5 9,9
4l Byy 90 o Jale pf 4 azgi b gl e a8 S Ll 0 STl
S GEXEL) | ol 055 co ol a4l Loz 4 by S8 s
@ 5 sl B9 9 el osd eled VL Gos ey Gos S Ol
) Jla] Al 098 o0 el SEm 39 45 (g el 00 3 ol
5 Nsdiee fate oo an JolS 5k & Gg 90 e 5 s 0975
FeS Sile g0 o Jaore Caeyu 3l B Sy X SXSXp) 1] ddlais
sl @ gy Gy b 9 YL e Gy SKhel slais g el
YL Sle e 3l Gy ey K< XSXnn) HT 4zl [0 ais
2 SRl A5 g)inl 5wl 5o8 Gl SHe e g e
29 S e Jos e Sz 50 (B9 9 YL S () (VL
sl gl a9, (B9 9 (Sl SEE ) Byg (Sl

5 @Y Sl g0 o s oS Gl 5L OmEXS0) IV aml o
30 ghw g0 o o Sl gl sl 55 copn 3l eSSl
oS Conl gladads (Xn) oYL Sle (59, 0B alaii il oo cie S

7 AaVAMWOEWSIE AU Ao 0 CA° pAuU

i Cywi

Sgzg bl co a3l o laiel oye8 anl B 0 a5 Wi alex Ll
b el 5 ol Gag olul C85 g ead SiS 959 vl b &b
S5 ond 0)ls g9y ol @ 4 9 (3y9 59y 00 @i L SRl Gk )
G5 OoetS ol 2als 1) lacSials (¥l JSS i g e lacSile oy
S)50 Sy 9 )Lad (Rl ge (AT 9 GRES () i 5 ol
Sgdiss 095wl 5ls

285 Sisg sdizme ool [1] K0S 5 Sl T3 oy Ll
a5 o ls deg (gladlate a5 azidl o o] aisls alil 1) Slalllas ae) (]
S Cgr W s bl oS Jae (Shol slag,s ol o
oalS o ) Lol i g o)l pb goye Gip 4l sl cpl o
ey ) esliiul b [2] 2 g Silsa aiS o s3b anT B 5Ls 8,90 (s
o] aiols &l aYais 355 0,68 alyd SIUT 5l ol Jow YU o>
LBl g sl alil 0] b (a6l o0k sl ialos] ciman
2 Y wix G 09 sl p alagilel plnl 5 (2B by 5l eslinl
a3 H] plass 5 (el lo0 S oo 1y yhod i 5 0,85 oo
oBauo lassls plxl 5,9 o)l 8,6 ould (g9, p» Gooxie slo
B9 el 0,55 59 1y 228 Slo)l8 (8] plos s 5 00 (225 sla)lS
ol locSile e poo WS alisg 0 )85 pas oy 5o a5 Wilools ol
ol s s W as slados 5 dobs b b b ialegl ol canl ons
Sild 5 7505 o lelod gla o Bl 5 wilazd 5 15 acolie 5,00
Slace g Gl glas b slocale slp 1, Yo o> BT 3g, (6]
Ol (6,555 wile (5,855 Judow sla g, waisle 18 solawl 5,50 calie
S50 28 Gl Jelod sl sgamme Gloll b9, (rizmen 5 (530 bk
a5 ool

I35 (28I slaghsy Jelo (sl sbie S5 Sy (26 s,
DS 59 peS T Yoz g Y S slr s o el g olaie 8565wl
@ 0y5 il f jliaS s g sy Gal et el 0l g ake 5 algl
5 Sysoby e o 0,58 > loy 5l g0l Jlade 5 oud ailre
hss Ay 1y b 55 b Wy a8 anl sletely (7] g
O B aysly mal38l b aS Wy 4z ol 4 g W8S gwyp 2B
G 5 0 L o b o ol gl RS sl 350 (oS
zho b J3b mho 5l pans 25 i el ojlas jo 5 e ay 568
i S Wl

)95 09,5 90 4 o Ll 9,95 anlp gy, » oad plxl Slalllas
Wgdoo el Y Wiz Gyg UL 0)p g Y o Gy oyliel
Sals a8l)] oy ltel 0,95 Joo (sl B by, SO (8] o Sen 5 slasaS
iS5l 0,58 (63955 50 (B9 3 e (0,5 s @ (6l o p0 &S
aulp o cwyp a0 (9] o) Kan 5 9065 los,S eslinl L)
uL.Q S Kol o po eSS 6‘)‘.’ UT )| ool 9 L?b o9 wL.u‘x
Gl pae S [10] o en 5 med lasley 9,8 slacule
QLQ-” oy 3 oolatwl b 5,9 bzl g5, 1) 0,8 slaSide slace pu
N azgie oyl .aiols 18 sy 5550 e S-SVl sgae
ooboly S o oy Lissl e e b SGIE G 4 (55 0)l500 S
auld 0 oo B (g3ges by i 1] Kes 5 cerl dllio



S92 A 9 89 ke SMo

d.ldio)._l_ﬁqy,éé)go)uioué),i.\iﬁ.r)ﬁ)é)m,,)ﬁiWU&L@\T&,,J.})"QW»_AUU'}&M

&9 led gobw )3 (SBhao (A5 Joo ules 42l (LS Jobo 50
SESEm T s a8 sgb e a8 S a0 TEMK Ojee 4 lSule L
abais 5l w,e 4l 5l G)9 Hee by ncwl oobe i S K g SEaol
g whios (MBI ESIESH 5 dugn Djge 4 By Culs et g
M
dols () alaly Gub 5 Sl lSTUE Jolro glads Reg (1) alafy jo oS

0 Y JQQa

by L, 4 b S Gl 2 Gaging g @Y Sl el sl
1SS dwaie 4 az gl bl

¢ qY ¢ cqY Y
Y foht Di0Ah Dpe &2
Y Y Y Y Qn Y

(2
iy ah2 gh asb e 5,5 4l 40 G5 yite Cwlbs h o] o a8

g 02 5 O oien (Bl gme 4 Cans Sl g oYL oLl gl
Salé gt iy A R2 g Ry ol 5 (VL S e Wl 4
IV g AL d >ls 50 (s0g50e Hladl a5 oo o)lg Joleo 15 olous

Sygo s loledl oled )0 (0908 LS .l oad sols jlis 2 JS" je
P=mk aie UYL gl jom=mk jlade 51 Jwilas slalal

Fy ———»

—
ha —.

# —|

I :

Ll O
[y a— é »
b >

b=

é, >
————l

Fig. 1 Schematic illustration of the asymmetrical clad sheet rolling
process
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