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Abstract: In the thin strip coiling process, it is necessary to use a sleeve with a mandrel to prevent excessive
deformation of the strip. The stress distribution in the sleeve and strip is an important factor to determine the size of the
sleeve. However, an experimental approach is almost impossible because of the accumulation of high pressure. A finite
element (FE) model of the strip coiling process was developed in this study. Then, the radial and hoop stresses on the
sleeve and strip were investigated using FE analyses. The theoretical values and analysis results under idealized
conditions were compared to verify the FE model. The effect of the strip thickness on the stress distribution was also
investigated. The radial stress increased by 6.3 times for a 1-mm-thick strip at the coil starting point. The radial stress at
the sleeve increased by 14.8 % with a stacked thickness of 90 mm because of the reaction force applied by the mandrel.
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Table 1 Analysis conditions for the coiling process

Strip Inner radius of sleeve(r;) (m) 0.304
O pstri i .
A Ostrip Coiling Outer radius of sleeve(r,) (m) 0.424
I3 O rstrip Tension(T) Coiling tension(7T) (MPa) 50
Strip thickness(#) (mm) 1,2,3
Stacked thickness(s) (mm) 10,21, 90
Elastic modulus(E) (GPa) 214
Mandrel Yield stress(oy) (MPa) 205
Sleeve Poisson's ratio(v) 0.28
Fig. 1 Schematic diagram of strip coiling process Angular velocity(w) (rad/s) 4
Frictional coefficient(u) 0, 0.05
b . Gravitational acceleration(g) (m/s”) 0,9.81
Tension
12
Inglis(7) :
- 1 :
et = s e FEM /
Motion i3
= 7
Sleeve 2 /
(a) Coil
0.2
_ o | . | . .
T 0 2 4 ] 8 10
: Stacked thickness (mm)
Sy Fig. 3 Comparison of theoretical model and FE analysis
(b) Sleeve (c) Strip 8o F7rdE B oz pHA Zo AEY
Fig. 2 Finite element model for strip coiling process o] HAHE T m2)WA 2EF o|TRHE
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Fig. 4 Strip overlap near the coil starting point

s o

3 ZEd Jow wAS FAE
wheh e 559
Wk WeE &Sl

0~
S )
B M
2T
o
T

iy b oo &
o2 Ol'm

o Mo ool 2 [ o 2@ %

¢

% x o (m =

PR

s 5. rlo

EO

11% ) rE _I}ij

o ﬁ i b

o ¢
= rﬁ )

ol ~

= v

NS g

- 2

5 5 _%

2o X

= o 2

= o

W

s 21T

bz

=2
=

ol
o

)
1

S Sttt ~2EgG T
(r=ry)°ll HA3}= WA
| ol 3l

1% ot
o
ol
3
o O
)
2

0[0 m?L'
)
o 2
[ oy £
i)
z
=3
my
N rE

2 (m
Y
A

ol

X
ofje T-
-
&

N

oft offf 1
fliea
et

o
ox o i

)
o

sy
o
4y 10 f[r o T ofo
2z
1% ol oo

=2
=
Z,

W
=
O 1o, ol moh oo {0 on

ofN lo
=)
=
kY
Ol
>
>
N
)
ol
)
AN
ol

ol |

)

32 [» & o oo XN Ho Mz o N oox rh RN m
2o
>
Y
tlo =
.
e B

(98]
W
0o
IE
iR}

A

+
>
2 ofy
il
rlr
X
X
2
X
rlr
i
0o
S
B
i
s
[

>

w X 2
)

io
o =
2
L

oo

)

o
)
e >
:3:" oo
ol

J

v e
i

o
v ol
2
e 2

ofj L0 _=)
me oo

)
O —
8
=]
4 U
w o
o
=
[>
[
i)
Lo
—n
X
)

2 g

A}

A4 Feoln Lo

=
=
it
£
=t

o,

Ru)
9

=
)
=)
lo
T
i Oﬁ
o
odk
olo
L)
=
5
o 4
T
o
=
32
o
-

o
y
|

i

o
T
lo,
e
o [y lof tlo ¢
[m
HU o
=
[z o
o
3
oy
i
AN
>,
L
o

o,
g

4
e
e
olo
JE
S
F

7F vetd=d, 2 Hee 1

mm 2=EHe] 75 -10°~10°, 3 mm =2EH A5

m
(o,
oX,
re
ool
e
N

as T
—] mm [\
30
e 3 mm ]
¥ h
= 20 #
215 B
2
& 10 )
[ “
| B n
=\

Circumferential position (°)

Fig. 5 Radial stress at the sleeve near the coil starting

point
12
=& Theoretical Inner free(r=r1 ) DDD
10 go®
----- Theoretical Inner free(r=rz ) DDD ....
= 3 o -
£ o e® -7
O  FEM(r=r1 ) o " -~
% 6 ,_,Dn ...-’
¥ O-g0s-"
z ®  FEM(r=r: e'n 0_ef~
i 4 o -‘!'
® DDED’F
2 ggg”
0o mE - - -
0 30 60 20

Stacked thickness (mm)
Fig. 6 Radial stress distribution in the sleeve(6=180 °)

200~ 15°% FAL 2EHA 1 W9TE FUtat
ALt ~EH wa Ao o &9 7= 9
NAE o] wHAE §Ho] WAste] ~EH7
g AFskA R Tzto] LAY ~EF 0]
FANATE AFH ARHO0)ANA =2 SEFT
o] BrABIITE B =iol A AFH AlEF A

SHE27F YERE 180° A A

Mo

1o i

18 > ofo
o
10, ofo

= ol&ste] F 90 mm F7

%
OQ{_-“,
ol
ol
s
£
W
o
i)
&
d
=y
2

-4 =

o} vl E-A F T} Fig 60l &Sl HoA A
st b keE $2S JERATE Inglis”e] A}
o= ZLglH o upgwHoA otEHor ZASLE
WA HreE S-o] oo R ZFAsteE d dhe), A
A} &2lB rEHo A upg el vlE] 3Ho] oF



o S
[am) “h‘
= -1s ~<g

o B FEM(r=r: )\\ T

§-20 S~

6“‘1_25 © EMEn) \ T el -

=+ Theoretical Inner free(r=r1 )\
-30

Theoretical Inner free(r=rz )

™~

2

=

30 60
Stacked thickness (mm)

Fig. 7 Hoop stress distribution in the sleeve(6=180 °)

10

® FEM L]
[ ] . -
8 -
, ®
oy = Theoretical Inner free [ ]
<] = ° [ ]
e 6 ®
s o
=
$a 5
& /
2
0 e T T 1
0 30 60 90

Stacked thickness (mm)

Fig. 8 Radial stress between strip layers at =427 mm
(0=180 °)

=l
Inglis” ©]
ra=
3 &o]
2~E Y 3050
T HHE 2Eqe] F o]+ 884 mo]
2.08 KNoJt}, o] & <13t whiwuber b
o] 44 FHAOZRE 24KPaz o
Inglis” o] =¥} Z}o](1.2 MPa)ll 014
135ttt 2Efe] 252 A
o] gt of wla) L &7t m

< B v A 9 Ll
Zrrh oF 148%(1.2 MPa)
Moy W sE

o7 #g3 Aottt 3 mm

Wl 7

puade)

ofjr ot W
e 1 rlo

3
Rzl

%]

H

=
=
o
©.7#

Bood 4 o B o gz O

T 14.49)

ot [ ofo
to ot

Fig. 791 &2l B9
S YEdTh 90mm HF Al
A5 S22 Inglis?” o] ZHTE oF 80.8 % (20.7
MPa) Zt2 o2 vepwtl B3, )443 Fig.

2
™ M o

413

50 8 oo..e_...
°
\ .............
= 45 ke T T T
i
= \
~ 40
&35

¢ FEM

\
~

90

= Theoretical Inner free

30 60
Stacked thickness (mm)

0

Hoop stress at the neutral surface of 1st layer
strip (=180 °)

£-21(9.4 MPa)©| Fig. 7014 ¢]
9 MPa):.t} ¢F 1.9v =LA e}
S vl B
UERH o]2 13 ~EF

g A L] FHEol B ¢

AN S92 &8 v
e Aol fARRh B H
InglisVHt} 2 go] ol 5Eglom, AHT o
ds L Aok SUkeke #0E 4 Alvh
AHE ~EHS ol A

= =
=9 2

S ET

it
=

B

[>
oX [ rie

f
E )

ot

o
N
5 0% o

B

i o

t
o
H
lo o

olo 20
tlo
=

o Ny

i)
2
%
1%

o
i

A

ol

it (o
U ol
2 2 of oX

[

e
Lo

2ol > g
22
ol f
1o,
oo Ky
ol of

AN

GG viujsin] ~EF W)
s o] Auplo] .
@ AATE AREE ARl A

%
o] WA ~EF F77F 1 mm$]



414 Rl S B

AESAF7F 6.3, 3mmel A5 1442 e
A &ElH o] 297

o B
ot

o] =E2 AHEdAAe] Adow F=atkg
£ TAKIANQ015E A YAy A&
d T AW 5 H2001-13-1001)7 POSCO(TH
£ 2015Y01)8] A QS Wo} FaE AT

ISEnEa

(References)

(1) Lee, J. S., Shin, K. H., Kang, H. K. and Park, S. S.,
2010, "An Analysis of Tension at Rewinding Process
Considering Mechanical Property Change in Roll to
Roll System," Proc. of KSPE Autumn Conference, pp.

A .

o

/\(-;IO:] . ‘%7]

ofl

257~258.

(2) Burns, S. J., Meehan, R. R. and Lambropoulos, J. C.,
1999, "Strain-based Formulas for Stresses in Profiled
Center-Wound Rolls," Tappi Journal, Vol. 82, No. 7,
pp- 159~167.

(3) Lee, C. W, 2014, "Effect of Taper Tension Profiles
on Radial Stress of a Wound Roll in Roll-to-roll
Winding Process," J. Korean Soc. Precis. Eng., Vol.
31, No. 2, pp. 125~131.

(4) Lee, C. W., Kang, H. K. and Shin, K. H., 2012,
"Advanced Taper Tension Method for the Performance
Improvement of a Roll-to-roll Printing Production
Line with a Winding Process," Int. J. Mech. Sci., Vol.
59, No. 1, pp. 61~72.

(5) Yanagi, S., Hattori, S., Maeda, Y., Ibata, H., Sugimoto,
Y. and Sawada, M., 1998, "Coil Deformation and
Flatness Change through Strip Coiling Process," Proc.
7th Int. Conf. on Steel Rolling, pp. 150~155.

(6) Park, W. W., Kim, D. K., Lim, Y. T., Kwon, H. C.,
Choi, D. K. and Chun, M. S., 2012, "Stress Analysis
for Strip Coiling Process based on Elastic Model,"
Proc. KSTP Fall Conference, pp. 273~276.

(7) Sims, R. B. and Place, J. A., 1953, "The Stresses in
the Reels of Cold Reduction Mills," Brit. J. Appl.
Phys., Vol. 4, No. 7, p. 213.

(8) Case, J., 2014, The Strength of Materials (Second
Edition), Edward Arnold & Co, London, pp. 437~455.



