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Characteristics of Rolling Load, Strip Shape and Strip Surface in Cold

Rolling of Stainless Steel Foil

Hiroyasu YAMAMOTO, Kazuo NAKAMURA, Toshiyuki SHIRAISHI,
Toshio KikuMa, Toshihiko MATSUMOTO and Katsuhiko T AKAHASHI

Synopsis :

A demand of stainless steel foil has been recently increasing in electronic apparatuses, electric cells and

construction materials.

Main subjects in cold rolling of stainless steel foil are strip shap like flatness and
fine wrinkles, and surface conditions of rolled strip like gloss and roughness.

This paper shows the char-

acteristics of rolling, strip shape and strip surface in cold rolling of stainless steel foil which were obtained

by experiments of cold rolling in a twelve-high cluster mill.

Main results are as follows: Controllability

of strip shape increases more by using doubled-tapered intermediate rolls than by using single-tapered

ones.

Surface gloss of rolled strip increases with the decrease of surface roughness of work rolls and

rolling speed, and with the increase of reduction in thickness.
Key words : stainless steel; stainless steel foil; cold rolling; flatness; surface gloss; surface roughness;

shape control.
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Table 1. Rolling conditions. .
Rolling speed
Material Stainless steel (SUS304) P (m/min)
70 umt X 340 mmw g 40075 270 297
Reduction 4~40% / pass - ] 200 //
Number of 1~1 3 300 L 100 D
pass s
Tension Back tension :177~588 MPa £
Front tension : 265~588 MPa S 200
Rolling 30, 50, 100, 200, 270 m/mi *
speed y 'y ) 'y m/min
Roll radius ¢ 30 mm 1
Roll material | High speed steel 0% 10 20 30 40
Roil 020, 0.11, 0.03 xmRa Reduction in thickness (%)
roughness | (003 mRa at 7th pass) (@ Rolling load
Roll Neat mineral oil 0.06
lubricants | Temp. : 40°C 3 .
-
T 004 A
e .
roll roughness '§ 2
2 600 0 0.032mRa g <
0 0.11 pmRa 0.02 C
< A 020~mRa }% s i
T -
S 400 7 0% W
N 0.00
g L 0 020 30 %0
E 200 1 ] Reduction in thickness (%)
white © exp- (b) Friction coefficient
black : cal.
% 20 a0 40 50 60 %= 200MPa o= 300 MPs
R d t. . th. k (%) oll roughness : U. p,m a
eduction _m fekness Fig. 2. Effect of reduction in thickness and roll-
@@ Rolling load ing speed on rolling load and friction coefficient.
0.10
3 A
o 008 '/‘};R\ RY. 22T, BE#EER 30m/min THY, 7—r 00—
- .
3 006 -7 SRR VO REHIEE 1~6 /S2570.03, 0.11 5 £ 08 0.20
Y . .
I umRe O 3B TH Y, 7/92HEFXT 0.03um Ra
o 004 (S —
5 Thb. T, BEERSEERETETLVY £ T,
g 002 FAELOENME L FHEMAF—FT B L) IRk LR
X 000 R o EENEEH EOKIUE T 1), BENL LR

10 20 30 40 50 60
Reduction in thickness (%)

(b) Friction coefficient

Rolling speed : 30 m/min
Fig. 1. Effect of reduction in thickness and roll
surface roughness on rolling load and friction
coefficient.
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Table 2. Rolling conditions of shape experiments.
Material Stainless steel (SUS 304)
70 4 mt X 340 mmwW
Reduction 14.3% (hg=60xm)
(Rolling load : about 300KN
Tension Back tension : 392MPa
Front tension : 490MPa
Rolling 20 m/min
speed
Ro::Jughness 005 pmRa(High speed steel)
Lubrication | Neat mineral oil
a) IMR-A(Single taper)i
Shape of I ___________‘Tl’a‘
IMR
b) IMR—B(Double taper)
F—2,~21 J
(£1=110mm, £,=80mm, l3=50mm)
ai=12pm, a;=16pm, a3=85um
Table 3. Conditions of eccentricity of divided

back-up rolls.

No | Mark Upper BUR eccent.(um) | Lower BUR eccent.(um)
a b [ d a b [ d
i O 0 0 0 0 0 0 0 0
I ® 0 0 0 0 36 60 60 36
il [ 0 0 0 0 70 117 | 117 10
I\ ® 0 135 | 135 0 70 117 | 117 70
\ [} 0 135 [ 135 0 141 0 0| 141
Vi © 0 135 | 135 0 141 235 | 235 | 141

Note IMR shift amount -© . 20mm, O:
4 :-30mm, 42 -35mm,

0 mm, ¢ :-20mm,

IMR shift : Direction of shifting IMR to strip center is

a~b : Direction of pushing BUR to material is positive ]
[ positive

o

DEMESM %, Table 3 IZ&E/Ny 27 v 70—V D

— MRLOELEERT. Bz HEEHE 70 um, K
& 340 mm DX 7 > L 4§ SUS304 THY, 7—rua—
M #30mm DA RAU— NV Thhb, F7, hlu—
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yi— (hfliu— )V B) Thb.
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Meels (A o —iv o7 M X B IRE N #E
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Wi, FEARE &R LKL, Ny 27 vy FTu—oua—
ML (B 12K o THIZR IR O D & i O,
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B
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Strip shape M2 (%)
®

-3 -2 -1 0 1 2
Strip shape My (%)
(@ IMR-A (Single taper)

IMR shift

Strip shape A2 (%)
o

Strip shape Ay (%)
(b) IMR-B (Double taper )
Conditions of No. I ~ IV in the figure are given in Table 3

Fig. 3. Effect of IMR shape on strip shape A, and
Ag.
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e F 210 11
£ M /*5\ 3 | -20] 1
(N y
w 0 " 4 [ +20 | 1
z -k ¥ 5] 0 [ I
= | Roll crown 4 large 6 |+20| T
° 2
3 Kiss-roll load 7/ 0 N
; 100 8 -20 v Strip width 150 mm, other conditions are the same as
£ 9 +20 Vi those in Table 2, and conditions of BUR eccent. No.
3 10 0 Y are given in Table 3
% 50 1) -20] ¥ Fig. 4. Relation between control condi-
5 12] -35[ W tions of strip shape, kiss-roll load and
F %2 4 6 8 10 12 strip shape.
No.
Table 4. Experimental conditions of fine wrinkles. — r r
5’:";‘:“% Strip tﬂckness
Material Stainless steel ( SUS 304) - 44 pm
44 ,mt X 200mmt(Pre-r=37%) ~ 1000 —2 ggze:':pear WR : ¢50
Reduction 2~20% d‘_‘ Reducti‘:)vnc;58%
Tension Back tension : Op= 392MPa b 800
' Front tension : O¢ = 294~785 MPa ~ o P
R°;:;::’ 10 m/min 2
5 600 e
Roll 50 mm ‘0
radius g
Roll WC-roll A (E= 620GPa ) + 400
material WC-roll B (E= 450GPa ) "{:'
Roll o -t
roughness 003 pmRa = 200
Lubrication Neat mineral oil
Temp. : 40°C
0
0 200 400 600 800 1000

Back tension g, (MPa)

Fig. 5. Effect of back and front tensions on
appearance of fine wrinkles.
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WC-roit A (E=620GPa)

Before
rolling

1st Pass
(63 um)

2nd Pass
(57um)

3rd Pass
(55 pm)

@ 1st~3rd Pass, WC-roll A

100mm

(1st Pass :0,=294 MPa,
2nd & 3rd Pass :0,=343MPa)

WC-roll A (E=620GPa)

4 th Pass
(52 pm)

5th Pass
(48 um)

6 th Pass
(44 pm)

71th Pass
(39 pm)

8th Pass
(34 pm)

b) 4th~8th Pass, WC—roll A —
(4 th~7 th Pass : 0, =490MPa, 100mm
8 th Pass :0, =588 MPa)

wC -roll B (E=450GPa)

4 th Pass
(52um)

5 th Pass
(48 um)

6 th Pass
( 44 pm)

©) 4th~¢ th Pass, WC—-roll B —v
(4 th~6 th Pass :0, =490 MPa) 100mm

Photo. 1.

wrinkles.

Photographs of strip surface for fine

1000 I
- L we—roll A
gsm [
< ' ' \

A
b 600
§ ® WC —roll B
@ 400 '
o
* o Fine wrinkle
€ 200 O A | not appear —
o @A | appear a little
L ® A | appear
0 I ] ]

0 5 10 15 20 25
Reduction in thickness (%)

Fig. 6. Effect of roll materials and front tension
on appearence of fine wrinkles.

Fig. 6 i, b DAL DLOFAEICKITTO—- VY
EHIHBEDOMBTH B, Y v 7y EH 620GPa D
WC-roll A # H v 723541243, HiJimkH A 785 ~883
MPa TH DA LDIRHET LD L, ¥ rEH
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solling 600
irection .
Q —vg © o ./kAkﬁ
Rolling mill (B 500 /’
Front tension A Jb /
A 294MPa % 400
ol 490 » o AT
o| 686 7 8 T
g 80— % 300 —5F = O
- 9— ﬁ\\l
s / N 200
25 40 10 20 30 40 50 60
23Z o N Reduction in thickness (%)
N _c.'} ' (a) Surface gloss |\ [Roll
SE 20 ‘E 0250 roughness
® 2 3 A[0.03 umRa
3~ o p()-—[\ 0[0.11 umRa
E ¢ 0200 0[0.20 umRa
0 7]
0 0 20 2
£ I:'“*—!_P’:L‘
Reduction in thickness B 0130 AL = s A
% ° °\ /
(a) 6=0° g 0100 e S 1
o 60 NA
o z P~
[
: & 00020 30 40 50 60
g§ 40 Reduction in thickness (%)
;.:?:, 6-6' \A\\ (b) Surface roughness
- .
: g 20 N Rolling speed : 30 m/min
§5 o Fig. 8. Effect of roll roughness and reduction in
E thickness on gloss and roughness of strip surface.
%0 20 30
Reduction in thickness 350
(%) Rolling speed
6=4 0
(b) =4° ) P
300 a 200 //,
WR: WC-roll A A 100 R/4

Fig. 7. Effect of exit pass line angle on amount of
fine wrinkles.

200 |,
150

0 10 20 30 40
Reduction in thickness (%)
(a) Surface gloss

Surface gloss Gs 45

72, T BIWEBONIRE L, JIS-Z8741'W 124t 5 T
Gs45 CIEEEF N & 2 DHATHEHEL, Zh 6D
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Table 4 (2R L 724 B OFIESREMTIE, &K/ $2DOHER Reduction in thickness (%)
HOFEREE BT SAD T — VEGRIE OB 413 L A (b) Surface roughness
ST, RS AU — VEREHEIZL > TRE 0y = 200 MPa o;= 300 MPa

Roll roughness : 0.11 ym Ra

EMTnAh. 2O L, Photo 2 (278 L 72 AFRIET D Fig. 9. Effect of rolling speed and reduction in
BEM»S LR TE S, thickness on gloss and roughness of strip surface.
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a) 6\tvh b::\ss (0.03 ,u,tha) b .7th)basks (0.03 pmRa)

b

c) GtH ;oass (OZOQmRé) d) 7th pass (0.03umRa)

Photo. 2. Photographs of strip surface at each rolling pass.

c) ;‘\230%, V¥100m/rhin | d) r=3/0“%,_\l=%270m—/~min

Photo. 3. Photographs of strip surface at each reduction in thickness and rolling speed.
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