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Abstract

Rolled products often have residual stresses or strip waves that are beyond the customer’s tolerance. To resolve this
problem, skin-pass rolling is widely used during post-processing of such products. Because a short contact length compared
to the strip width is a characteristic of skin-pass rolling, several numerical analyses have been previously conducted based
on a two-dimensional approach. In the current study, a series of simulations was conducted using numerical analysis of

three-dimensional elastic-plastic fi

nite element method.
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Table 1 Process conditions, part 1 — strip
Parameters Values
Initial thickness, H [mm] 0.5
Exit thickness at the center, h, [mm] 0.4973
Initial width, w [mm] 1288
Reduction ratio [%)] 0.54
Coulomb fr_iction coefficient 0.3
between strip and WR
Young’s modulus, E [GPa] 185
Poisson’s ratio, v 0.3
Flow stress, & [MPa] 400 + 40002

* ¢ . effective strain

Table 2 Process conditions, part 2 — rolls

Parameters Values

WR BUR
Diameter [mm] 590 1200
Barrel length [mm] 2400 2400
Shaft length [mm] 720 720
Shaft diameter [mm] 385 795
Angular velocity [rad/s] 22.63 -
Bender force [KN] 400 ~ 900 -
Young’s modulus, E [GPa] 225 225
Poisson’s ratio, v 0.3 0.3

* The interface between WR and BUR is frictionless.

Bender force

—e— 400 KN
-1.0 1 —o— 600 KN
—v— 800 KN
—a— 900 KN

Relative position [um]

-1.5

0 200 400

Lateral position [mm]

Fig. 1 Deformed roll profile which is extracted along the

line of minimum thickness of strip
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Fig. 2 Thickness distributions along the rolling direction
at various positions across the strip width, for
bender force = 400KN
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(b) Effective plastic strain
g. 3 Distribution of effective plastic strain and its rate
at the center cross-section of strip, for bender
force = 400KN
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Fig. 4 Stress distributions at the center of strip and at
the edge of strip

Lo 5
L™
T

fr o XN o

Lo
:Oé
o
i
)

s
o,
AU}
o,
o ot
dr g
035 o
5 ©
Y
=
s
ol
ol
ol
=3
lo,
e o

HAH FA 2He] 30%
(roll flattening) 4ko] A13}HA
T e, o= <la Wy A
A Aolel vla) A H= 7401

o PN
Ae & F Sk

Aw7tA A AgAEel s =¥ il 9
24 44 5 B 2o JF UFeAE
Ak DA sk 9ol S H 4 (neutral point) -

ol

mE FUXL
o
-~
n: o "

rﬁ
HU oz

o
oXx, [‘E



133

— o N
LHJAME%%M_&WLE
- R E R @Hoﬂwwﬂ
i w%ggglﬂﬂ@wﬁg
S o a%aQQW%%%xq@
T o= 1%1ﬁ1%w,mﬁo
S Nfo o o 0 o
> T N 9 5 o 8
= S o N — N a}mActﬂﬂLEull
© mm mﬂbt onﬂz,*er_m_ro%oﬂli ﬂ_el7 =
s 5 o) 7o ooquaﬂmﬂidrﬂoﬂuﬂlE
: oy mm * 2o %_oi%%lmﬁ%m ﬂ}%
2 mmw N szLHHJWﬂ%E%%a
B 85 ® 2 N oﬁeﬁlwwjzlﬂaﬁgiaﬁ%
£ i e E @@&mwﬂﬂﬂMﬂ%%
358 s2E ¢ %Wﬁ%@ﬂw%yw%a
4”m.,.m 8 o g MMM.N aLﬂﬂ_z?Fﬁ._o_smt%\ﬁbt
85 5 5% e M ,%%%aﬁ R
= 2222 o D © B! o oﬁ,ﬂi] " ﬂﬂﬂ 5 2 £
S gecsy & 23 2 1d%% o mr . T S
52 28888 2z R LEwRsTE
g~ § g ¥ o o @%z}%awgﬁ a%%xg@
3 2 ERREY 8 = LA %ﬂ;@%i?ﬂﬁﬂa
£ s o —~ ° = eaﬁPo]ﬂ Iy N T 0
5 T =5 g % o % W 1A R
E L o =5 Lﬂozléiﬁ% b ool ®d o
— ; T I %o o] o
8 < ) < > X‘m.ﬁ‘mW_Eﬁ T K T
_ z s ? R S "
o M o a ..*\l‘_,ﬂﬂ/vAJHoEPLV
< oe )
S %o uoisual % PH 1 B ™ o
o = LgTrasr gEresds
i E ok o - X B E e e o
[eao] ‘o vorsuan B ) b Ty T %iﬂ,ﬁkﬁ
,LOIﬁ:i 1o T A &oo1xﬁﬂ X }ﬁoxx
e dEpEat T FRATH oy oy KF
4 LD S EE e SR LT g
4 ma;u]urﬁ% R T g R %ﬂfercﬂr
= =3 _wTBE LﬂAao ﬂﬂlﬂ,_ < J N \ﬁldlg.; Mﬂqoao 0 "
= Mm,ul B Mf o B dAI,m_wﬁ O MMH_&W_ OC‘O|HLUAI T TAO Iy ﬂﬂﬂrﬂi
= o A K o TR = oy
g w. ﬁow ﬂu%ﬂlﬂﬂm wﬂ%7_ﬁ zﬁiovﬁﬁ%mjmﬂ %aﬁﬂwmztuwuww
— 8o .‘I‘L.O‘l‘lyA Mr TI I‘Ol Kdl
Z @;qéAﬂm wQW% x%%%zza ﬁgwﬂaﬂﬂ
=2 @wﬂaiw?% %nga%ﬁﬁgd% T R T
E > Wm0 o o] ! [ e = ol o
E 4 _ 0 XL w2 &N N
85t #ﬂeaoxmﬂﬂa WS T 5 .miq%mﬁmﬁiﬂoﬂd
L 8 o ~ e Emuﬂ% i} H X
Y28 T 2w R T o nﬁaﬁﬁoqm%ﬂﬂﬁ%ﬁq}ma Hr
2 o 3 T _ —
I qﬁawﬂ%%ﬂq&%gﬁﬁq%iw fogseislt
= - - e B B i jw:AEmo.m:L XV T®
mm ,DrdleaLLTﬂﬁinﬁ%iMEﬂwﬁmOWLAT%WQAISﬂEmHﬂ‘wﬂHH/Fﬂoﬁl
(o i J B i ) = — o o —
- 9 o X T s CRIE: X — I ﬂw‘wez iy
&9 T Eﬂﬂ%W% tﬁ,ﬁﬂ%mmﬂrﬂﬂwoﬁﬁmbmﬁd.ﬁr &
3 T8 H Hf%ﬂq&_\p E S = E28H 5 F 5 o
: B ES Nu_mo@afogmﬂ,%%ﬂg IR BTN
5 DOn aL = n_m orc OT Vm 5.0 = o ﬂl %o .m =) ﬂﬂ_ Ewa Ovc \LI,A CT ﬂlL EE _/[
3 o ﬂmﬁmuy\_oﬁyx%%.mym:i .mFﬁﬂMmﬂa
: g %%W@@»%meﬁ%w«
o T B~ T AyA_/
: TR
T N — 1.;@&3
T ™
r < 104
© 0 uun Jad 9210} |
U_>>Q_\5m
(/N Uy

=

o

=

=

1™ Fig. 6(b)

°

of Ex}

3 o

S



134

0.2 -

0.0 A

Bender force

—e— 400 KN
—o— 600 KN
—v— 800 KN
—&— 900 KN

-0.2

Residual stress o, [GPa]

-0.4 T T
0 200 400

Lateral position [mm]
Fig. 7 Residual stress profiles after rolling
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