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Effect of Cold Rolling by Grooved Rolls on the Formation of
Cold Rolling Texture of 3 9% Silicon-Steels

Masuji Kumazawa, Yasuhiro NAKAGAwa, and Tomoo SEkINE

Synopsis:

In order to elucidate the mode of deformation introduced by cold rolling of grooved rolls and smooth rolls,
plasticine was used in an experiment on mass flow, and single crystals were employed to test crystal rotation.
When groove—caused protrusions were smoothed on a flatter, a mass flow was observed accompanied by rota-

tion on the axis of groove direction.

The transverse mass flow by rotations on the axis of rolling direction was
particularly important for the formation of (100)[011] texture.

A profound influence on the rotational

system of ordinary cold rolling texture would be induced by mass flows as accompanied by rotations. Thus

groove rolling is effective in the formation of (100)[011] cold rolling texture.

The groove shape, groove

arrangement, and groove rolling reduction are largely contributory to the formation of cold rolling texture.
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Fig. 1. Schematic presentation of the groove
arangement on roll surface.
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Table 1. Chemical compositions of specimens.

Elements [+ Si Mn s Al N

(Wt%) 0.041 3.02 0.215 0.012 0.0024 0.0039
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Table 2. Structure of grooved rolls used.

Groove facters
grooved rolls No, vertical depth pitch
angle ¥ (mm) (mm) cross angle arrangement

©) (d) P)
i 120° 0.25 6 Square (S)
2 #” ” 3 ” (#)
8 ” ” 2 ” (#)
4 ” 0.80 5 ” (»)
5 ” 0.70 4 Longitudinal (L)
6 ” ” 4 Transverse (T)
7 " 0.25 3 20° Diagonal (D)
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HE 1.92g /cc

AR 20°C <% 1 kg/cm?

I TEE{LiER n =0.15~0.4 typ. 0.2

TEEKAFIE m=0.08 (e =0.002~0.25-1)
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* for V shape groove in the section.
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(2) Middle layer
40%cold rolled

& (100) [0117] ® (411) [011]

(4) Middle layer
60%cold rolled
0 (211) [o011]

(6) Middle layer
70%cold rolled

A (111) 70117 O (110) [011]

Fig. 2. (200) pole figures of rolling texture of 39Si-steels by No.3 grooved rolls.
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R.D. R.D. R.D.

(1) Surface layer (2) Middle layer (3) Surface layer
Cold rolled 8535 by smooth rolls Cold rolled 409 by No. 3 grooved
rolls and 759 by smooth rolls

(4) Middle layer (5) Surface layer (6) Middle layer
Cold rolled 60% by No. 3 grooved
rolls and 62% by smooth rolls

(9) Cold rolled 70% by No. 5 grooved
rolls and 4925 by smooth rolls

(7) Surface layer
Cold rolled 70% by No. 3 grooved
rolls and 49% smooth rolls

R.D. R.D, R.D.
(10) Cold rolled 709 by No. 6 (11) Cold rolled 509 by smooth rolls (12) Cold rolled 509 by smooth
grooved rolls and 499 by rolls to cross direction for (11)

smooth rolls

Fig. 3. (200) pole figures of cold rolling textures of 32, Si-steels.
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Groaved

et Curves llsNo.  Types

—~o— (1) 2 s
6 —¢—(2) 3 5 b

—e—Q) 4 s
—A— (8 5 L
—o—~ @) 6 T

5F —n~— @ Smooth

Extension of aldth (%)

Reduction by groove rolling (%)

Fig. 4. Relation between the extension of width
and the reduction of groove rolling.
In this case, the specimens were finished
to 0.35mm thick by smooth rolling after
groove rolling.
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Fig. 5. The original form of plasticine model
prepared for the experiment of mass flow.
a, b and ¢ present directions of smooth
rolling.
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A EEAF A SOFRLEEI X 2T, Mo (2)
WRTZEL, FEAFEBEADEM, ThbbEDE
FoFmEihE T 5EE2 S ENROER Y LT S.
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a cross section, cold
rolled by L-type grooved
roll of 120° vertical
angle.

a cross section, cold
rolled by smooth rolls
to transversal direction
for 1,

i a cross section, cold
rolled by smooth rolls
to longitudinal
direction for 1.

{ deviation ! ‘

c¢old rolled by smooth

i4 .| rollsto 45° diagonal

—— e direction for 1.

e { a parallel section to
m direction of smooth
L ———— rolling.

5 1

—— ’ o .
V a 45" diagonal section
- R SO 1, divection of smooth

e t——— ] .
i e—— e

% i a cross section to
[ A eI, . direction of smooth

a cross section, cold
. i rolled by L-type grooved
. ¢ roll of 120° vertical
(7 ] / \ | angle,
e NS | 13mm initial — 6mm

———————— | final thickness

a cross section, cold
rolled by smooth
roll to logitudinal
direction for 7.

| ! a longitidunal section,
__% : cold rolled by T-type
| O ———— grooved roll of 120°
; RN vertical angle,
110
I . S e —
b
G ST ’ a cross section, cold
11 ’ o | rolled by smooth roll
e | for 9.
| — e ————

12 a cross section, cold
-~ | rolled by L-type _
! { grooved roll of 70
O S G, ‘ vertical angle,
»————————3§

o © a longitudinal section,
14 LR SiCR B

| cold rolled by smooth
i roll for 12.

I

a cross section, cold
rolled by L-type grooved

-————{‘?— i roll for 2.

_ : TS

‘16 : !
e | a CTOSS section, cold
e ———— rolled by smooth

QH”}? roll for15s.

17 i

e ——— | across section, cold

v | rolled by L-type grooved

w | roll for rear side of 2.

B

18 |

_____w______'%—mm ’ a cross section, cold

B —————— B rolled by smooth roll

i joleio]

et for 17.

{
i {
| |

Photo. 1. The influence of grooved roll rollihg for the ma}:r&scopmhow of plasticine.
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EREzERTSEE, (1) BEAVOBRE, (2) &
LR EOER, (3) B2t SHEOmRhO
BEMNAEDLNS.
3-3 BROALEL

BIRIDER T, #o —VEREICHY T2 517
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Initial
orientations

L-type

(100) [001]

grooved roll

RD

T-type
grooved roll

5§ﬁ

Uit

S R R A W T A
i A e %fﬁi} v st 3

e

gy

X 50

Photo. 2. Microstructures showing the change in crystal orientation of single crystals cold
rolled by groove rolling and smooth rolling.

L xElER S MR OmNORRITSEMGORRICE
WAKEYSIIETTHA D T LB &
NAERIOE VR B CRERT 572, 3% Si-Fe DEL
MG RO BEE SR @ LT, #o — ) VERE: FiE{LERE
CEDOTEDL S BMBOHNDERZRIT MPITONT
EEE BTl ofz-

(100) [001}1, (100) [011] X (110) [001] FHficdE
SR, ThEhEEE e —Vic X 5 ERESIR S
EBLEER B 2V, ErEYT 585D AREEE

Ty FEy METHETSZLERARL. T0LEEL
-9 ZE{v% Photo. 2 WY ::nrj; SELND
HRIZ bl 5 R 2% DT Table 3 iRl
rh) Sub-orientation PSHEIICHRET B HRTH S
FEWWRT X O, o —VEEET FeE FELEE
BEMT S & %, (100) [011] Bk L T, EE
Hiic AT 0111 sk Eh h OEEK X 2T, (311)
(0111 & (211) [011] HATHSETHY LiciimicHEb
n5n. Fi-, (100) [001] BEf LT, £OED
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Table 3. Changes of crystal orientations by cold rolling.

Smooth rolt

L-type grooved roll !
+ Smooth rolt

T-type grooved roll
+ Smooth roll

Initial
orientations

Main orientations{ Sub-orientations | Main orientations Sub-orientations | Main orientations | Sub-orientations

(100) [011] (100) [011}

(100) [011]

(311) [011]
(211) [011]

(112) (111]

(100) [011] (111) [112]

(100) {001] (100) [011] (311) [103)}

(100) [011]

(311) [103]
(011) {011)
(111) [hk1]

(011) [011]

(111) [hk1) (100) [011}

(110) [001]
in deformation
bands

(110) [001] (111) [112]

(111) [112]

(110) [001] _ (110) {001}
in projection (111) {112} in projection
by grooves by grooves

AR &3 5 [l & R i 1T [011] @lg b
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Fig. 6. Schematic illustration showing mass flow
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to right side.
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