Jaloslad | Jol Jlo | \FAY Hlgy | Slotols eilo  owitigo 4olikad ¥

SHliley Ol P1 Jlosl Lol yois bad 3385 Joho O (w9

OLlgaol (s ok 3 e o e b
WSS g 23l (5l skl WSS g 2 Sl el Slbal GG wdige il s, l8
Olgino! ixio oK1 Olgiol onio oSl

salimi @CC.iut.ac.ir :J sius odiws 5*

U155 3 Gy Salbinds i ol p 55 Sele Sl S8 Lot 5100 UM 51 2S) T 087 oy Ctlinss a5 bl o 353 s 3,555 Al 3 )
Sle 25 3l eslizel 5 (615 4l sb 53 ke e o b B e 6K Olgie 4 Sl 5 b s 038 5 53 b ol ol 3 S a0
LS 6 a8 3,05 YU a5 a8 4 gl s b 55 Sl 2alS Kos O b 51T s a1y S8 i 18 on 58 ol
s ol Sl ki ol 51 05,8 b o &) 0 535 S eolinal gl (sl sluils; 510155 or (om0l 55 3 5 a5 550 ) lke
(b e 5 3linal 35 5 Sl ) ol s g e Bl (o S 3e 515, § 5 Sl 55 OT 48 bl el 5 5,55 (655 Ol Sl
L o3 355 sl b Galioss ol 3 Sl 50 355 T3 55 LI 0501800 b s (5Ll 580 T o 3525 0 (sl ()05 slge 5lSKe

el 45 S 5wy p3ge (2B iy Sl eslizal b bglies (65505, b ol s

@GJ})LL}M&)KJ‘})Q&}ALJ#))}S:‘SM‘SQQj‘s



Ve S3liley D131 Jlasl bofyon fr99 3595 Joho & (g

bvgod s Sl gla Jue alie adlae ol 55 0ds 451, ke
o 8l m 30 s Jal 4y Aslas Sl 5 dils Sl 5 (S
26l o leslial b s Sl ol eslizal HISSly ) Cslies
Sl 1 Ren o oSG 5wty ocaT oy pslie Mol 4

.@‘eMT@u\fb)jﬁd}w&L&Iﬂfﬂ

by Jw -V

4 Sy P i 4 by e SVolas Jo 55 5l 55
el 4y a0 5SSy SV sl of en

5 5 Ols lady (ot wls S5 s 4 e5le e 1)
25550 o2 P Dlens ES 200 (sl SIS

S5 03 g Dl Sl Slamio 5,8 Lyl 5 5 5 LY
el ol oslazal

ol lr BT S 1 Gbte (93 500 5 (B g T
AL

a8 s colS S8l e S8l Lyl -F
5l ol Hlas U cnlize SWSaol 25 10 355 0
SIS e3le (i peed 25l (Sl 55 ke aey
Aol e

(Slab Methot) 5 5 5 somiedly 555 51 aslicel
(Cml 0 0als OLass (V) IS 534S Gy 5 Sl g9y
L b 5o 0Ll Comdge 5 B) b 4 1) 5L Ol g o

Ll atasl s wles

i rprm=0 2V )
d, dx
9. ¢ o+ )L p=0 V, <V, (Y)
dx dx

B ey oy 8w ol S

doio —)

3 Sl gy atenfy Ty Ol s as S (slay b
G () 534S e o b 5 3555 53 Al o0 (5
o 45 1z el gl 4 3l Sl (sl 0 g
Sy JSb i ST By Sl e L i s ol
il 5 das o

Sos e Do yast dla o A5 53 Koz g J5 4SS
5 Al e Coal il ol Slgar 51 (654 g 5 1 Sl o
%)JéjﬁéudjLwJMjJ)j}M&ﬁJQwU:x
Ao glajlasly) 4o olaws 55,5 Gl il oS 5 Sl
ST el (6 F e A B e

3y Al paS Wledd a1yl 6oL 5 gl Jube 51,5 0L J ok s
[V 5Ka5 5 0ol s @313l gla Je oS o Lo 5 1,y
SLa G5 3w 3555 S Oljme (s hamy 53 ($0L) Sk ge
3 Gl als led OLST bl La Joe (sl Az 31 050 5
e Sl plat ey 6l S S e bl 03l
3555 S5 La die (ol 4T al&n lasl oy 55 el
0353 0 mls Jods ay s Jlesl (b L 58) &S50l slgd s
S 545 Kolgm s Ik 5 i | S5 gl 30 ol > STl
S5t it S oS ol in s 57 5 5 [Y] 0 gl
E205 5 Bl ool sen el oSG Jols oSele 39 5 a3 o
S 5 68 I 538 Ol 5 m 558 3l eslizal L) L
SN odas s s zstls b g 3y w55 [V]
i3S S et e B S 5L 535 21 5

355553 bslien )Ss, ,3b s 4 [F] Sl 5 S
Juse 53 551y Sl SlSE[8] CaS s o sl s o g
oy S WS slgnin [#] 0K 5 (oS ks S Jlesl 55
sk 53 oo Al 5 gn Bl ] 553 0 Lata ()15 4
i S GLes )b Ao e b 3 b 5 )5 Al b
oslizl 4 [V] Sl 5 J oo 5d sloml 358 oo a8 520 LSl
o Glamio (13,8 Ll 5 gl e s Dol 6558 056
s S Ol a,lgn LT el jlis fbg s anwloes 5t
SlasS dile g (Bl san Oloman Gl ab 55 G5 Jbs oS
4l 3,5 50 1, Sl 5 e )8 I [A] s
L5 S andllas (6,5, Sl i ol e



Jaloslad | Jol Jlo | \FAY Hlgy | Slotols eilo  owitigo 4olikad Yo

C,=ajfga —t, (*-4)
C, = R(1+tg%) (F-4)
C,=C,-C, v-4)

B Ol 25 Sy se 480 5P0 o 4l

pOZR(l—VZ)Ei: )
R

\/%|:a§ - (to _tz)\' R - arf + 2a0\/a§ - (to _tz)(z\' R - a; +t0 _tz):|

% TS

[Y]oo5 Ll st 5,0 o8

9= BLBIy0 9 8590 (e 38 Ji98 Sl Y

liseo
Jsb 3550 e 3 B my (s S L
il s G o i Al 5 () S

J}.&@ 425‘:_)._:: ‘b\f‘b )}19

%

[F]das 53 6oy o155 :(F) JSC8

(¥ Sl b L) E asb-)
Ll e 5L 1 3 5 Sl Cosls G5 4ab pl 5
SV S i 15 03,7 55 o1 s b Il
Ol Sl 53 el Hlins (6515 5 4 a5 L oS 0 kb0

Dy gpodle 5 D ge 4 (V) daly 4l

(o3 Y s sl 53 Jolas dslas 2540 L

o, = —p(L+ sgc) )
STl (55 s (LSl () ) gL 5 L oSyl o a5 L
V p o3 UG Ol 51015 e il e (S S 0l
il s S e

o,=-p (F)
@,uwdsﬂuLﬁ,.\_.zl{p;é”nusgﬂu);
SV IS s 510155 o (05 3555 Asle) 3L oL 5
L s e mla 8o 57 2057 55 (g 5 50 aid o LS
IS ot 5 0l o Bl 0 S 5 S 4 s 8
S5t i e s 3055 53 0 s it o LSGle ool
ke ¢ wled ab 53 S Uil oo slojIbl 4 Sile ¢Sz
Calbs 2alS 5 od v Sl (Sl 47 s sl 5 sl

() JS2) 5 50y goi &y 50

Undeformed roll

e 4 S Do
N
o ¥ . )
— ,) A e - _ ,\x,‘/ G
—f [ (20 SRR PP e
L s ‘I.____‘___ e b B il

- [

[#lsle pls ot 68 55 il sl 8 Al 3 :(Y) USKs

Sl 350 sk e Sl S i 1 Jlesl 5kt
g gn o3lizal 55y seo 4 SV &l 2l 53 o wled

p= pmll—(x’/a('))2 )

- e 2r e »

R
o s (68 s S Ol a0 S 3 8 i s L
BDyh Ol ) Sope w ol mi g pite S R
p=k(x)* At v
oas s b (M) K 55 ol o305 OLES amutin 1 oslizal L
Byt ool p5akaly XY 4 XYl Slass
p=f(xt) W)

t+xtga +C
= pn‘/l—(Cl—t tga+X)2*Ci*( 3 > +1)
2 ‘/C4—(x—t tga+C1) —05

L, Coulg s
C, = (btger) (-4)

C,=(a,))1+1g’x) (Y-4)



Al s}U'j)Ql;ldlodlgd}o.hdgﬁé)géhjao@w)ﬁ

(eCiiu¥l 46) C ab —¢

Gos Cualies candls SVl Cols o3 5 b ol s
Sl goast 5335 dmnlin 4 &y 3 ol U1 Ll 5 6
Bl > oy s anils 5 gy Ll g ab ol o g8 5 Ll
33T S 4y () alasy S a3lital b O g oo 5 L3S 555 AL
Casbog>g wyp9gDasbi-o

Sy 4 Sy JS o5 B as b diles 4l ) 5o
Lol 4l d b )3 b slre 55 0 Ol i 2ol
2S5 53k 5 Sose 4l (V) dal,y 15 0055 o0

(4Al$ + By 25 g—,up 0V, VA, A

tdx dx’ 3 “dx
Sy 15 (o8 25 S0 (el S5 Alslan 35 4 ol o
:J)jT

i_ tf (X,t) + wp(x,t)
dx £A+g(x,t)t—io-e o

3 e

@ X=Xy it=t, ), b3l g3de Ojgo wdslan ol
) 53 e 1l e i 5 eles Lo S 1 s s e
L Lot b o) 53 55 5L 3 35 00 e 35 4l

AT o Sz 4 () alasly 31 o5l

ol @ 9y v golil 9 8190 Ob > (Siwgw -
Spn Ol o (S sy b 5 ol womiio (155 Il 4 a5

:v.i)‘.)
Vo *t=Veort =V fto=V ot (Y+)
Sl gy sl s A el e Gl 1D

t
s= 1 (YY)

339 S b 3590 (598 dmulimo -0

gl p dloee 5 alasly 5l gy Aty 355 (65

F= J:Z p(t, X)dx v
s (1) oo ol 03 gy pintin 4 4 57 L cab o 5o
3T o s 4 61 jsb w4l a gl 5,0 Hldis X o

Ssh g satia 35 6l 5,08 69,8 IS Gk ol )

_ dp
dx
st U s Easb sl o g5, » (1) dal 51 6,801 Kl L

U DE

2
o pax + Poe :ﬁO'e—O'd \Y)

t, do

X=Xpg t2 — HPpe = 0 AV

(¥ 4b) A ab ¥

abais jlasb ool oyl ¢SVl Cols o asb ol 5o
adaly (55155 5 Bog et L s 5580 ST 6,855 £5 55
Sl 3 b Slme Ol A 4 a5 Loy o0 OLL s
sk o3l 5 g (V) daly ab oyl

do, = 2 dx OF)

Jlasl b s A asb slajm 55 (V) alasly 516, 8151
Cils @l 5 XZ80 52O b plp e S 2is

%f:: pax — pAB:Gb_%O—e (F)
Caslbog>g wip9gBast-r

Sl S O s i Sadly S 8 4l ol )
HNesliwl Loz g 515, B ast JS )3 (s jlme das o 5
3o iy (1) adslas 015 om0t Ol la 5 8
25 sk

4 1dt dt
—+up= OV >V )

(_7A¥& dx)+\/§ dx f1
"U‘“"‘*‘J%O‘P@XQWU\)@M‘&KM“ L
X

IAJ}T@J Mth)‘cU)J C}a.».e

P gyt
5~ 90D T (%)

o il 53 adslas OT (G5l o 5 ol alasly 5l oslaal b
dt tf (xt) — up(x.t)

= %
x %Aw(x,t)t—%ﬂe

Ao pl J 4 Ol5 0 c@ x=x4:t=t, )b s sl
j\ﬁUQ)HQ\)tj&‘JﬁLSJ.\.OQ)}\&A{J:,..S‘J.L_J
4_:>-UO_1|J:U,~.L“S.E}JQ%JJ@|@.:);T¢M:@¢X
dt . . . sy .

Al XTXBC 5 L =1 &g ol 45 358 i il



8l okt | Jof Jlo/ \WAY slar | Sfoele Eile wigo dolilad 1%

. 2
i kg i
[ L
T ; T
: Ih
’ s v L
P ————
1
to It Strip
ol

[F] b g Bl s 3 b s nlS”20) S

e 9 Gy9 wled (g -Y
(e 457 0303 Ol Calibes Dlanlons lonkeT Cows 4 pls

6\45,,@45;,:“5%,;;#@\,Mpx\;@Afrm-p
(#) JSs [F] il s Bslo ol (g licd 03 5mus o
4_5¢,T,'\yu@w,um@owbuwdu\éwﬁ

4.012*10°* p+2.362*10° 0< p<140Mpa
A - 1.162*10°* p+4.214*10" 140< P <365 (YA)
" 14.758%10°5 p+8.278*10" 365< P <3620
1 P > 3620

T
o 500 1000
pressure, p [MPa]

[¥] FE 06T 51 ol b 19) S

Cw)\jhmm (S b s by Y Cabes ozl L

)}JQL:;HfracQ)}ﬁMGMCw‘¢|j@u§MTj

0 hf”m/hasp >1
h.. h.. (¥a)
film film
H frac =11~ h h >1-Agrac
asp asp
A film 1- A
frac h <1~ Afrac
asp

b 4o (68959 (29 plhd Cawlb ! Suinl -1
S v

ol s e U ol L hen sl s 5t o
3355k gn ealizal ju sy eSalusgydn alslas > 51 6355
e O Ll p 639, 4 53 o, o LS 6,55 )
il oSO b e ol aS 558 e esls 3 (PAB) S
P s fe oSS

LIURADNT JR (Y¥)

P (8 + )"

Sl U coou Lo a8 03 ST 6 5 0 guils alasly ol s
)lw%l_fcjh_mw.u,u@q;ﬁﬁx‘;ﬁ
ol i oS o sla S 1 foe 53 (s il e

hed Sl 1530 58 L das s e | Sl ol

h,, =1.417(

Lotss hasps Nen oslis awam 5L 5 ) 4l s o,
T S 4
o 1
e =h, +hagp/2 h, = ~hagp
(YF)

1
L
h *\/th-hasp ha < zhasp

G 4l 50 €95 phd Cwlbeo -0
abaly Lo SIS gl 5l abi a5 (N, s Sl
Db g e 5 Do 4 5 5

FC (VAR C (o)
adal Sl eslial Uy Slaslyy 4 S5 ¢ gladeon Ll 5 5
1o Ol sk

n=1n,e" (Y#)
oo b il ) o e 0L 68 o0
1 () JSa) b s 2SN e h g1 K, MRSV
b e 228 e 5 L1, S (ks Sl Ol 5 s
D)) 25 Sope 5038 POl Sty IS i e 3
B S

h'=—— (Yv)






