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Development of Forward Slip Ratio Control in Tandem Cold Rolling

Hiroyasu Y AMAMOTO, Jun HasHiMOTO, Teruhide NIDOME,
Toshiyuki SHIRAISHI and Takashi ASAMURA

Synopsis :

In order to achieve the high productivity in a continuous tandem cold mill, the control system of forward
slip ratio has been developed by the use of a supply device of rolling lubricant, which works in quick re-

sponse to the lubricant flow and concentration.

In the calculation model of this control system, the method which modifies BLano & Forp’s equation with a
slide factor for calculation of friction coefficients is used to estimate negative values of forward slip ratio
in addition to positive values. As for the supply device of rolling lubricant; emulsion stability and particle
size distribution of lubricant obtained by a static mixer are equivalent to those by a convenient device. A
high-speed and stable rolling without chattering can be realized by controlling the supply amount of rolling
lubricant in the present control system of forward slip ratio. _

Key words : cold rolling ; lubrication ; friction coefficient ; modelling ; forward slip ratio ; chattering ;

rolling ; process control.
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Fig. 1. Transition of forward slip ratio at No. 6
stand in the cold tandem mill.
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Fig. 2. Schematic diagram of the measuring de-
vice of forward slip ratio.
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Reduction in thickness r

Dy=¢165 mm, H=0.8 mm, V=10 m/min
Material : SPCC, ¢=66.0 {¢+0.0077)°2%8
Lubrication: 3% emulsion of fat oil, 60°C
Roll surface roughness: 0.2 ym Ra
Fig. 4. Effect of reduction in thickness on fric-

tion coefficients.

Rolled coil weight w (ton)

Dy=¢410 mm, Hy=2.5~3.0 mm at No. 1 Std

045 kgt/mm?, 5,510 kgf/mm?, 7=0.2~0.25, Vg=1000~1 500
m/min _

Material : Carbon steel, ¢ =77.0 (¢ +0.0046)*216

Lubrication : palm oil (neat)

Roll surface roughness: 0.9 um Ra

Fig. 7. Effect of rolled coil weight from roll
change on friction coefficients.
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Back tension 0pn (kgf/mm?)

Dw=¢165 mm, H=0.8 mm, Vg=10 m/min, r =0.4
Material : SPCC, a=67.5 {¢ +0.0096)"2%
Lubrication: 5% emulsion of fat oil, 60°C
Roll surface roughness: 0.8 pm Ra
Fig. 5. Effect of back tension on friction coef-

ficients.
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Rolling speed Vg (m/min)

Dw=¢320 mm, H=3.0 mm, o5 =0.5 kgf/mm?
o =5~10 kgf/mm?, r=0.25~0.4
Material : High strength carbon steel
& =815 (e+0.0046)0156
Lubrication : 3~3.5% emulsion of fat oil
Roll surface roughness: 1.8 ym Ra
Fig. 6. Effect of rolling speed on friction coef-

ficients.

Supplied lubrication oil @ (ml/m?)

Experimental conditions : The same as those of Fig. 5 with lub-
rication 5% emulsion of fat oil

I'ig. 8. Effect of supplied lubrication oil on fric-
tion coefficients.
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Fig. 9. Calculation flow of forward slip ratio,
rolling load and amount of lubrication oil.

ROFD AV/ VR IS £, G T NTWABLD, BEIZIZ
FE 7R T—HEK (A) K> CRIET HLE
BKhsH, LrL, 20 (A) ovo—CRIUESEIC

Newton-Raruson {17 # WA LESH Y, 20 7’:?1)1!2

WEMEICEERI S 22T, 4> T4 VICaREIZIE
FTLLBYTL W, —F, BE70—-0OHFDERTRL
72 (B) o7u—i, SFtETH LI E, PORETE
12 Newrton-Rapuson #EZ H WA S THESICIE L,
(A) ®7a— Tl TH 1/3 OtERRITT . Ly
b, 4HEDO XD ICHEKWMEL 4 XHF & $OTUE
HEXn2EEE, BEMCS (A) o7uo—tE%,
RESEONG., 8, B#EFHHOE 7T CBW
T TR SNz R OYGREHE I, Z ORI 0B Tk
DONTFERELH TS RICHLTIZEALEE
ERITE V0, AL THLE LoD 2w,

3-3 XEXRSIVUEEFREDFANEE

J\IE 4 BB W, Fig. 1 OB & M2 EESLSF

TEEME 126 T4 VEEL, EEEERD F— 5 2
5 2 RICEHEFEN B X UBEBE KO R £ /R L
72, RO 2 RICFHEFAEIIFER 2 RIORT.




.Bctmﬂe*

By o7 AR BT B FERE G O B R 1363

g,
a 0. 05 o megsurement
= 0.04K% e:cal. from model
% ,0.03h S
£v0.02
£20.01r
(s =] 0 PR
RN 1 A TN N Thooidnd i AT
0.0lg——7¢ 20 30 40 50 60
. .Coil number N
(a) Transition of forward slip ratio
. 1100
1000F o :measurement
3 b e:cal. from model
& 900
~% 800k
oCc
£5 700
=~ 600] %S
g 50

010 20 30 40 50 80
Coil number N
(b) Transition of rolling load

Fig. 10. Comparison between measured values and
calculated values for forward slip ratio and rolling
"load at No. 1 stand in the cold tandem mill.
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Fig. 11. Comparison between measured values and
calculated values for forward slip ratio and rolling
load at No. 6 stand in the cold tandem mill.
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Fig. 12. Schematic diagram of lubricant control
system.
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Fig. 13. Variable range of emulsion supply device.
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Fig. 14. Relation between emultion stability index
and emulsion concentration (70°C).
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Table 1. Experimental conditions.

Rolling mill : Yawata 4CM, No. 6 stand
Work roll diameter Dy : $418 mm
Lubricant : 0~25% emulsion of palm oil about 60°C
(Direct application)
Material : Carbon steel
Mother thickness Hy: 2.3 mm
Final thickness hg: 0.25 mm
Strip width w: 833 mm
5. Rolling conditions at No. 6 stand
Reduction in thickness r: About 0.25
Back tension 6;: About 10 kgf/mm?
Front tension 6;: About 5 kgf/mm®
Rolling speed V;g: About 1800 m/min
6. Work roll surface condition : Bright roll
(Initial roughness : 0.28 ym Ra%

-~ QOB =

o 0.02
O
9 5
g O
2.0.02-2 e e
o °
» [ °
o _
§ 0.04’ L J .
3 - _ .
2 ~0.08; 5.5 5.0 75 10,0

Supplied lubrication oil @ (ml/m?)

O: Stable rolling  ® : Chattering occurred
Fig. 16. Effect of supplied lubrication oil on for-
ward slip ratio.
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