=2 stEAMItEEElX], M 31 # M 5 F, 2022 296
Transactions of Materials Processing, Vol.37, No.5, 2022
http://data.doi.or.kr/10.5228/KSTP.2022.31.5.296

TR S o|et MA EHUTSE F2UXe
H
L=

12
2
f
02
o2

WES'2 SHE- olYR 0/5F M4 ujI|E>

Parametric Study on Straightness of Steel Wire in Roller Leveling Process
Using Numerical Analysis
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Abstract
In this study, influence of the process parameters of the roller leveling process on the straightness of the steel wire was
analyzed using numerical analysis. To construct the numerical analysis model, cross-sectional and longitudinal element sizes,
which affect the prediction accuracy of longitudinal stress caused by bending deformation of the steel wire, were optimized,
and mass scaling that satisfies prediction accuracy while reducing computational time was confirmed. By using the constructed
numerical analysis model, the influence of various process parameters such as input direction of the steel wire, initial diameter
of the steel wire, back tension and intermesh on the straightness was confirmed. The simulation result shows that the 3 and 4%

roller of vertical straightener had a significant influence on vertical shape of the steel wire.
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1. M 8 o AtolE FdshAA wHE2AQl 3 ¥ (Bending
Deformation)S 7o =4 FF-3HH} FFS o
AAE AEat 71, A5 5 B2 A okl A Aslel= vHom dAe] TG, 27134 #rb
e 2 AREE A Ak ol Al FE 9 obder R, Ee detd, E2 A T3 22
WH¥- (Drawing Process)S 1A FY FE|Y A|Fo thekst FAWAS wet WstA WskelAl #oh
2 FuHH, AzAAE HE AEY] 4 7Y AR THEEA grE JEiAe AA AXEE
T gHE f8te] Bt de -8 2 (Residual Stress) AA3] HE kool A RE HAA Az A= F
I =E FAe wAgste] A =(Straightness)E FH. 2 AR B I AR ofFEsaL e A
g Aol g Fostu{1-2]. ol& fldte] dw4 olth. webA o5 A8ty fsiM = EHugEA
o7 AlF JhEEA olHel EE1“73§%3§(Roller AR e Azl JFH JriE T3 4
Leveling Process) S 4 -&3lo] A =S H A At A 7tol= Srilo] Qs
3-8]. =W BT A7 Ay e 3= AT E EHudege F8 Az AA
L @A EA T el Ed T2, ST AR WA= S FAEAE o]&ste] w4
E FRETTL R e it FUPENE &0 47 3mm o3 AR2AA AISH010 24 &
g;éfqiiﬁiyiq%%%@%ﬂg%;gg AJAT A a2 dFsfon, FANGE 24 SRS
6.LGAA A7) WAz AE B #13ke] 2] 71 9 (Digital Image Correlation, DIC)-S-
# Corresponding Author Korea Institute of Industrial Technology, Incheon 5} %_:l_ ?_] ]-3‘:4' - = 'ES‘E “6‘]‘93\ q_ = 1 H 23 o /] e /%] <

Regional Division, E-mail: baegh@kitech.re.kr
ORCID: 0000-0002-0015-4742



m M N oo T ~
%dl,O',ﬂAll ~ 5] o
) o g 7 N
WHLOE‘W M *ophnl_xﬁm__;uﬁroﬂl_lumnxli
0 = ® z ETHERE > ET T
m X — o ) " EEL.O ‘Dl S M
- TR 2 S 2 P e < o o o T
e ) @ =™ . KT
S W g = s 3 = S @rdr%m1}9yga@
< = z ‘.v = % £ = ooy ot oy Noo
Lfmmu.amﬁx_ i) S £ mﬂﬁMhﬁiﬂo‘FﬂﬁW
EWWMT 2 s g = I %ﬂuﬂﬁﬁawﬁél%
o ag= 5 - 2 = RO ﬂwmﬂﬁmhiwﬂ_z_ﬁ%
T e 5 .58 E|a il DU S
e el g ER -1 k= & J.o#%ﬁ_yﬂm%ﬂ%?
# =T L H E EE gl B OREET s B w
o T o » l= 2 % S| J x _n_lao .2 W = =
’ RIS o |7 = TR k=1 I ) el SET ]
4 T ol Ho £ - H I < = il o T o o T
fod K o~ - ] < ﬂuoﬁoﬂz
I Y Z || o= sl 7| ® HTex ar EEG S
i @ ® Ol 2 |7 B b <+ zﬂ}%%ﬁla&%
g WE R B Z 3 o AT S PR
= W o g : 3 g S - X T o R
— A.?ﬂldﬂll = £ & g g g =° =) g < o o = mﬂﬁf]or <) ot
0 5 = X [ : s g N — 7 o o " up 90
On_ - M_OI JﬂAIH 21_ n“.o d) ssans Suleaudug = vau “ w 1K iy Q%u ZT O#E o 5 T - O. ﬂx_
N~ ﬂoﬂox‘_@ = .Ma H % ATEaﬂdﬂMﬁlazﬁiaMﬂo
HE = 2 % —mmre o BT g TN
o = <SG ogw W &y
m o of o oo o W B R N
G Moog U 05 R ORR N Eo/,l _
iy & o 0 i R o T W T Ak T M o
N R Sy G RO MW = .
® 2 P ST ym TR g B 5 A
« g P = B E%ﬂ@@umﬂ%@ﬂ@%w.i T of 4y B
) M%Wﬂmﬂ xbmzﬂﬁnﬂmﬂﬂﬂo =g < o ﬂﬁﬁm
g af.mﬂ_% N @ﬂ?_oﬂ%91%%m £ AN
R mi %0 o0y — ™ Ry = < z ~ do S
P = o T E o D LS Mo MBS . - N LE S
ofp —_ = o} _-._O = o ' :.L = E .ﬂl E_.u = i ] B/ X =y
T R O L TG AR I o 2 T =
= {] X (- " __M X A e ie! o w 4 = eﬁ XO N ) M -.ml.ﬂ s ™~ oE%ﬂ.oI 0
o o e . @mAMmmﬂgﬁ@wi%@ 3 g 5 z M © N g £
R ETNT T mEgnwEE VA © oy * o = 2 rEe g
T Mo m o € - - ge £ £ X % o
T o . S oo oy @ oar T oy T X fd & = g X Qoo
CoaHy K S TR ,ﬂﬂi%7mﬂmﬁ§ o & 2 o EEE
SR chwmg Er o d2TTEL ¢l:: 3 T ZTeAn
i N Sl gT oy BETEET, E |5z 2 = TE7Q
Qe X N oy L R 5 ,‘ 5 w2
MRS W%%mmﬁﬂ%@ﬁwm Sy £ o 2 & 3%
23e) 0 - i )
oG R N ,LﬂJM%ﬂMQ%Q b = Wﬂwm%
ﬂ%%%wg %_meﬁﬁom.mﬁmo%_o%%ﬁﬂ% T o o WX
0 ~ 0 . o —
[ ﬂ#@&mgma@.}4ﬂ% = SHaw
Hd = ﬁ%ﬂr.ﬁb ey X TR AT = S
1 AN i O Mzmw
s o 1O
£ <R




298 WEs - A oWt -
A ghalerel B sk Aol Wudolh
wepa] 2 Ao A = 14 H o wABE el 2H2 3.00
mm, 2.33 mm, 1.67 mm, 1.00 mm &] AP H o= 743}
g g 22 RAEN AN 8
wAgFTE Y AHE H}aoi Fig. 4 ¢} o] 434
A mdS AT ol E 9t vy A
2 Hged o, Ads &9A &Y= 2482 B
gagich. Eelok solo] o] UF 2A% neld
of Z¢ Spolo] HolHd 9A4F7]E 054 mm =
A7) B@sgon, 44 dwe SHLLE A5
Al #Zst7] fste] T Aol 8719 QA4AE WjA|F
o @ a4 AVE O36mm§ Zjixgé}aiﬁ}.mg 5%

al
g om, A SIESEE B Bele 5%
55 1#H3] 1.0m/sec = AASY. T3k HA] =
dol TS agste] S 02 kN o2 71H4S

l

AEANE= sotol TAE Swift A= 2 %@3;
etk ek dAe] Wi, vHdAS, EolEH]
= 7z} 7.8 glem?, 210 GPa, 0.3 &2 283} t}.

Horizontal roller  Vertical roller

Feeder- (\ m straightener straightener
Naelelele]

C hOOOOO [ Top view ]
)
\/ Q UOOO(_) [ Side view |
/ 10 mm }-M-{
e I Feeder QOBH
Roller

Reduction roller

Circular calibrator
(Vertical)

Oé@o
@@ @) @®

EU mm

D600

Fixed roller
Fig. 4 Schematics of roller leveling process and
dimensions for each part
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Fig. 5 Finite element model for simulating the roller
leveling process
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Fig. 6 Boundary conditions for simulation model of roller

leveling process
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Fig. 7 Investigation of the stress distribution during the

roller leveling process
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Table 2 Sensitivity of mass scaling to straightness

Mass | Vertical shape | Horizontal shape | Straightness
scaling dy (mm) dn (mm) h (mm)

- 4.11 0.04 4.11
100x 5.06 0.11 5.06
200x 7.57 -0.04 7.57
300x 12.63 0.15 12.63
2elwgs)e Bohr ¥ 2xYw 42 Fobol

Fig. 8 3} o] AAY AALE Sttt A
T 9 F42 ZH7F 12,167 mm 9F 5.216 mm ©]
Woola kot yelagrel e o o
13238 mm 7} 2As= AS el Alx dF
oM Al A= FH42 dWbHeR 5 mm o]8)
E e7AT B dgdas 3gusd ge 43
5 e BAsE Qo] BAolnz THY #43
N e BeugEy A B§ M5 Aow
Beshgic,

e v 840

Zt_,x [ Unit: mm ]
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1
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Vertical shape: 12.167 (d,)

Fig. 8 Measurement of the arc height of steel wire
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Input direction Vertical shape, Horizontal shape, Straightness,
of steel wire d, (mm) d,, (mm) h (mm)
T T
/ RN~
[N T
| vertical 12167 5216 13238
(Reference)
Horlzon{al p}
eib; -12.015 -0.038 12.016
%

Fig. 9 Comparison of straightness according to the input

direction of steel wire
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Initial diameter Vertical shape, Horizontal shape,| Straightness,
of steel wire (mm) d, (mm) dy, (mm) h {(mm)
-12.463 -5.454 13.605
®450
Reference |
fl.,_, _ { -12.167 -5.216 13.238
®600
J — B -11620 -5.747 12.964
®©750

Fig. 10 Comparison of straightness according to the

initial diameter of steel wire
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Table 3 Comparison of straightness according to intermesh for each roller

Intermesh of vertical roller straightener Vertical shape, Horizontal shape, Straightness,
Note

(mm) dy (mm) dhn (mm) h (mm)

3.00 2.33 1.67 1.00 -12.167 -5.216 13.238 Reference
2.50 233 -13.226 -5.921 14.492
3.50 ' 167 -11.545 -5.296 12.702
2.83 ) 1.00 -14.531 -6.001 15.725
1.83 ' -11.870 -4.866 12.829
3.00 2.17 -47.788 -6.549 48.239
233 1.17 13.676 -0.614 13.690
167 -1.50 -195.167 2.389 195.183
1.50 184.842 -4.080 184.895

Back tension

Vertical shape,

Horizontal shape,

Straightness,

(kN) d, (mm) d,, (mm) h (mm)
0.1 -15.369 -6.749 16.787
0.2 (Reference) -12.167 -5.216 13.238
0.3 -10.518 -4.068 11.278

Fig. 11 Comparison of straightness according to the back

tension of steel wire
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