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Influence of Shape Rolling on the Side Profile During Horizontal Rolling
Process of Reed Wire Using LS-DYNA
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The production method of round wire used in conventional high-grade fabric production requires an additional step of
cutting the side portion after cold rolling. However, after the additional cutting process, the performance of the round side
portion was not improved. To solve these problems, the shape of the side portion is improved by replacing the process of
wire cutting by the shape rolling. The rolling is done six times in total, and four flat rolling and two shape rolling are
performed. There are three types of shape rolling: square, box and oval. The total number of cases of rolling analysis was
analyzed nine times according to the kind of 3,5th shape rolling. Efficient shape rolling was selected by comparing
deformation of wire thickness and width after final rolling, residual stress of the wire and the shape of the side part. The
above study was conducted through LS-DYNA, a simulation program that can analyze material behavior of materials.
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Fig. 1 The direction of the straightness of the wire and the
components of the rolling

Fig. 2 Definition of the roll gap
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Table 1 Material properties

Table 3 Pass schedule of wire with initial diameter of 0.95 mm

Material Stainless Steel 430 Pass No. Roll gap (mm) Reduction ratio (%)
Density 7750 kg/m? 1 0.76 20
Poisson’s ratio 0.31 2 0.6 21
Yield stress 250 MPa 3 0.46 23.33
Tensile stress 450 MPa 4 0.32 30.43
5 0.26 23.07
Table 2 Analysis conditions 6 02 16.7
Velocity 700 mm/s
Length 300 mm
Coefficient of friction 0.2
Tension 60 N

Ao 7t S7kskL 3 24 B sjAAzte] ST
Itk & dAtolss feteards 45-8510] Symmetry =
Folghozu] HAA S AxleE SU=N A At
A o AUt Symmetry 20 WHOZ Fig. 4(a)9] 28X
SRl 4555 sfojofe] HAIE ThElo] 717 4Q e
Symmetry ZA& Hofslgon £o 49 Fig. 4b)e] 4
FURE 7170m olefo] B Ak 9lo] B W Lol
A Go] SA% WO R Symmetry A7 Fol 45HI B
oItk Fig. 4(cye 27] fatasmdo] Hgaon Fojs ¥
golet. s
B0l o] joloji= A7) slolojel 2 APel Stainless
Steel 4302 Al=As}H

9] ol g 700

(

(]

o
p

2 10 m A Y x

ol
2
>,
)
-©
i)
2
N
;
ol
&
>
N
N
o
P
NI
filo
1o
ol
w [
=3
S
%
x
o

21 2gle] wha)
%2l 022 etk E3k 2lolole] AP FETS %
A37] 18l eholo] oli5el it Wako2 H#el 60 No| 3

o
&
2
re
o
i)
i
m i
Jo
i
S~
&
_o|L
N
A
i e
T
rlI.
2o
(o]

3. Pass Schedule 83

ek ol GlojA] B sh A40] FAR wasly] Sl
£ Aol 13 A2 1 £ ko] 2 solofo] Agak
so] =) AHgaka o] I3 flolole] BT AyuFol

% O

Ql
LY
T Utk flef 22 EAE efolof AlEe FEE
o -

it ox
4 "

& S5t whEoluin o I At FA A

B[k
(Z
1o
2

WIRE J \,’ |

Direction of velocity

Fig. 5 Wire and overall rolling process and direction of wire velocity

Pass Scheduleo]gt &4ddS &k A] 447} RollS: E3}510] s}
= Y AFE &7] s 9ES Aol weba vehd Ao
™ Rollx A= S8 off Roll Abo]®] Gaps A2 7|5}
of Uehi Zlelck. Fig. 5= elolefe] 4= ekt 64 ki) 9
AFS ANSYS T2 1818 E5) mele)S 31901 Table 3 7]
212 0,95 mme] WSS 74A gololsh A 7} s vl 2
Role] #zlof T 7488 viEp oI,

4. FYUAS| 2[R 2R2E 20[0{2| Al J|E

AR FR2= 371X](Squre, Oval and Box)& EH3}o
Pass Schedule®] 3H#A SHAo] AA|ste] 34S Hsgstg o
Z}7}e] HElR 2 Fig. 6(a)2] AAHE arsto] Fig. 6(b)et 2
o] ANSYS?] LS-DYNAZZ IS E5lo] 1/4 F7|2 95kas
RS shgint B ZF 9204 &, Hi 0], R A 1f
20 kA gl ol M 8] F QRRO] AP ¥HY, G & o= U

Ehuict.




158 / February 2019

J

SQUARE

/A
-

\i BOX

I

OVAL

(a) Design parameters of shape rolling

=

SQUARE
.
Zc—l
OVAL
-l

BOX
(b) Finite element model of shape rolling

Fig. 6 Shape rolling

ofafe] e g Aol ofehgel ik Gel glol U 2
chal elolojr} Wale MW ) Wo] WAL Fxho] FHx
o] whol Hel whe] ghuc) 2 AAsach. Ak WA

o) HA A Al Aol ArEe] FAIAS A o

o] AXA Hwl Gakrelo] elolo] T toz YA Hol
Sfolo] 2l Hio] Yok TS 7HIA] Eoka e de] &
kA k. Tefstel Fig. S@elAlel Zo] 14e] FAgdl B
the 2t 22 Slojo] G HelAl gele] AxtE 4 =S
Z}=g Aok st BY X4t ZhErk AAEe] uel Ao
= 7o) sic. vl FAgro] A A4l elolefe] Siwel 2

N ora

ol% Wmsle] Parele] Zo| Loje A4 F AF HH 2o
A g F9irh. vise] FAlelo) B sfolo] Sinint 45
el Zojoh 2w Qls) A A4Sl X WapoR
Eoge ujo] Hazole] Folrk. Fig. sbplAst 2ol 1]
mestole ueh PAAS 4 s HR elolofst wAe]
ol dojurl Ee] Weom WMol Wakslolof skt o2
WelsA EEE 2via 2o Solo] Hre] EEukelS ujel 44|
Sk Aol uleashch. el BN B A9 G B
%9] 10|12 o] 74 o} H5siet. HE 95 BE PHO2
ogick. HE & folu o] AFH grolx B 22 gelo]
T 5 20| 2ol 2 I 37, 57 FARIALS 9i9f e

X

(a) Finite element model expressed through LS-DYNA

The wire shape after the second flat rolling
035

03
025
02
015
01
005
Y(mm)o

0 01 02 03 04 05 06 07
X(mm)

(b) Finite element model expressed through coordinates

Fig. 7 A wire after 2nd flat rolling

Roll
gap

(a) Square shape roller

Roll
gap

(b) Box shape roller

Fig. 8 Precautions for designing shape rolling

e AA AA W] A5 ARSI ol= Table 49}

Table 5] &7]35}3t}.
1 mRolAE 2% gelo] ArEl sfojo] 2HL /AR
F59a BER e ghoC ojolole] Amul uwste] /4 7
S st BaE Ane B, %, sfolo] 3



February 2019/ 159

Table 4 Design variables of the third shape rolling

Square Box Oval
B 1.13 2.13 1.2
R 1 1 0
G 0.26 0.26 0.26
H 0.46 0.46 0.46
[ 10 10 0

Table 5 Design variables of the fifth shape rolling

Square Box Oval
B 2 2.07 2
R 1 1 0
G 0.14 0.14 0.14
H 0.24 0.24 0.24
% 10 10 0

Table 6 7, 8 and 9 coordinate values

X (mm) Y (mm)
Node 7 0.98 0.12
Node 8 1.02 0.08
Node 9 1.1 0

<38
<9

(a) The shape of the round wire after cutting process

(b) Finite element model after final rolling

Fig. 9 Geometry for performance comparison of 1/4 round wire
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Table 7 Wire performance analysis in 9 cases

3rd Rolling Width Thick Curvature Straightness R:f::s‘;al Q“a“tg}ca“"“
- 0 o o 0
5th Rolling (%) %) %) %) (GPa) Performance
B-O -3.34 21.7 2.5 25 1.7 11.9
B-B -4.4 21.8 2.1 24.9 1.6 12.1
B-S -3.2 21.7 2.3 249 1.7 11.9
0-0 -4.1 21.5 11.1 24.6 1.3 139
O-B -34 21.0 113 24.5 1.4 13.7
0O-S 2.6 20.4 11.4 22.9 1.7 13.1
S-0 -2.9 212 4.9 24.9 1.6 12.3
S-B -34 21.7 2.9 24.8 1.6 12.0
S-S -3.1 214 2.9 24.9 1.78 11.9
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