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Abstract: An electrical steel strip is commonly used as a core material in all types of electric transformers and motors.
It is produced by a cold rolling process. In this paper, a damage-mechanics-based approach that predicts the edge
fracture of an electrical steel strip during cold rolling is presented. We adopted the normal tensile stress criterion and the
fracture energy method as a damage initiation criterion and a damage evolution scheme, respectively. We employed
finite element analysis (FEA) to simulate crack initiation and propagation at the initial notch located at the edges of the
strip. The material constants required in FEA were experimentally obtained by tensile tests using a standard and a
notched sheet-type specimen. The results reveal that the edge crack was initiated at the entrance of the roll bite and that
it rapidly evolved at the exit. The evolution length of the edge crack increased as the length of the initial notch as well
as the front tension reel force of the strip increased.

A7) 54 7HAA Avh < 5o ALl

1. M & o1k ol Aok Aol A7) AbEAt Ak At

Ste A A71ARe] a7t A ew

717} F(Electrical steel strip)< w3l H] 3| Wolxa Qlv}y. a9, - AgE A7ARS o

A A RS AVES ] Il MY qQumom aaE=g 9ol = BA e 9tk

7l BHe Ao Abgdn. AVARE dE gxe quigwst waste] moAwE A7) 4w

F(Silicon)y& WFo= st = Aol 5ARA o] Ag= seke] wy] wlHo] o] wjo ok

H, dee] %ol $oW 255 MEES g Ao 4 a ot wEpa], otz @
H HulE XS ol & 3 v =]

§ o T=EL 2012 % 3115t CAE B S-8I8E &7 %gi:‘{ of“j] Eﬂ:j"z]&gi qlifl:fﬁf;

3HT13)(2012. 5. 10-12, AF 3Y 2ol As) W= R e= 1 e A

[e)

- e}
1 Corresponding Author, smbyon@dau.ac.kr of A EE ZHeH 1 Pl A
© 2012 The Korean Society of Mechanical Engineers o2 ygko] WAEA Hul Wyzretd FA ol A




1620

Ao FAd A= =5 g AH Byl
(Zipper break)Z}al slal o oA WSt o5
3= o x| A @7 (Edge cracking)o]gtar FHch®
Wik e] 7] AAQl E3rtd A7 o
Aol = FHofgh Aoz QA8 vhFe] mA] A o]
FHESED o] Fo] Wkt 7]
Hol o Ao Be TS frleit

& AP E A7) Wriskdol A AR A
2724 ¢] dele] Hug ANdAFe M T8
Ao shtoltt
AP A7 A A
oA ztol ®W7] wlg-
Byon®-& 1}o] £ E(Pilot) W37Fet
A A B A e
A717d0] A ads HAsE
Ao w AAET FolRE
AHEE = JF AAol $llo] B (Waviness)S
7] S8liA B B34S AAs T B 34

@ Lo

W G4 0B Gael 272 ALY o
AL AA el o WY

B2l P
o
>

o IM I o X KN fo

paul

S R I
IR T DV e )

)
e, E
ST
EN

Fig. 1 & &374A19F &4307d 9
2 (Flow stress) =r41el e
WP E Skl wEl Aol 3
H AEE Yepa gla, vk
BE 7t wel Aol Fradts A
7b £ 9 ol APsHA
i gt whef, 5=
ojgfal Frpdl, 73t A-B oA
=3 #Zol vk 5 Uk

6=(1-D)&

X
B 4 o
2 N o

Lo

>
ro, > ol

)
>
N

offl -
olo Mo oA I
O 8 2 (B ooX rlr oo

~
—
~—

il

SI7)A, D E £AESFE et 4] gl
TZHE, T3 0-A)lAE D = 0 9l e, &4
o] WALFH (F, ¥t AB) D & 0 22N |
o] Aaeth, a7} AHE 4 Ao wdat
A B, A B, DE 19 2 ot} Fig 1(a)%
(b= MAFE(e)F Mo (w)el dalld FE5sHs
ZyzF LER Aolth o 7] A, &kl H H( G, )=

4T3 AB S SRALI(T,) Aol o] FolAl

2 Ao A =Y &4 A BdE A S
Z712](Normal stress criterion)®o]t}. o] F =2

AR " AE AgtE o
AfFo R AgAatal o= A
ol st &4t 7l Al(Damage initiation)Z 7]
A= 584 guE 7HHa Q)

j;gn:l

o71M, &, &,
(2/3)g;65)"?),

1o He
:oé
Al
>
a2
ro,

2

= 5738 E(Equivalent strain;

n
TN 9] PR E, &

ol 2z

— A7

o T SO .

Q|

Fig. 1 A schematic of damage in (a) flow stress curve
with respect to strain and (b) flow stress curve
with respect to displacement
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Fig. 2 Two types of tensile specimens (a) standard sheet-
type specimen (b) notched sheet-type specimen
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Fig. 3 FE meshes and boundary conditions for the
analysis of tension test (a) standard sheet-type
specimen (b) notched sheet-type specimen
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Fig. 4 Schematic of reversible 20-high cold rolling mill
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Fig. 5 Geometry of roll and strip and FE mesh of strip (a)
roll and strip profile in the width direction (b)
mesh structure around the initial notch of strip
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Tablel 1 Rolling conditions used in the finite element

analysis
Process parameters Values
Entry thickness of strip (mm) 2.25
Exit thickness of strip (mm) 1.48
Strip width (mm) 1257
Forward tension reel force (kN) 146 /292/ 584
Backward tension reel force (kN) 16
Rolling speed (mpm) 107
Diameter of work roll (mm) 80
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Stress triaxiality

Fig. 6 Damage initiation strain — stress triaxiality curve
of high-silicon steel
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Fig. 7 Edge fracture of electrical steel strip at roll bite
during cold rolling when the forward tension reel
force is 292kN
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Fig. 8 Edge fracture of electrical steel strip at roll bite
during cold rolling when the forward tension reel
force is 146kN
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Fig. 9 Edge fracture of electrical steel strip at roll bite
during cold rolling when the forward tension reel
force is 584kN
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