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Methods of Reducing Off Gauge Lengths in Cold Rolling
Narumi ANDOU and Takashi SAIKI
Synopsis:

The causes of off gauge at the top and tail end of strip cold rolled on a tandem mill have been
clarified theoretically and experimentally. Some counter-measures for reducing the length of off gauge
have been adopted at the No. 3 cold tandem mill in Kimitsu Works of Nippon Steel Corp.,

(1) The off gauge at the top of strip is caused by reducing the rolling speed when the top edge
of the strip is threaded through each stand by the off set of the rolling speed and by the decreasing
in front slip. As the counter measures taken for these phenomena, current delay compensation and
minor speed control by digital computer arc efficient in reducing off gauge at the top of strip. '

(2) The off gauge at the bottom of strip is caused by the rapid increasing of strip thickness at the
i stand which is caused by the loss in back tension immediately after the tail end of strip leaves the
i-1 stand. The counter-measure developed, reducing the back tension by narrowing the roll gap of
the i stand before the tail end of the strip leaves the i-1 stand, is efficient in reducing off gauge at
the bottom of strip.

The off gauge length of strip has been reduced by almost 509 by the adoption of these counter-

measures.
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Table 1. Specification of the No. 3 Cold Tandem Mill.
Item Specification
Entry strip thickness 2.0~4.5mm
Coil . . .
Delivery strip thickness 0.18~1.6 mm

Width of strip

500~1 280 mm

Coil weight

45 t /coil

Roll positioning device

Hydraulic roll positioning device

Stand Mill type BuR bearing Motor Power GD?
Driving
system No. 1 950 kW x4 27.05T -m?
) Roller bearing

No. 2 1320x4 32.33
Four-high ‘

No. 3 13204 37.45

No. 4 Oil Film 1320x 4 45.83

bearing

No. 5 950 X 6 60.09

No. 6 Six-high 950 x 6 71.17

No.l STD  No.2 STD  No.3 STD  No.4 STD  No.5 STD No.6 STD

Load Cell

e

X-ray

g @ @
v v

T.R.

9 é 7o

SR'

BN p A p 14
©© 5O ls0) &
P,0,R. ?D
RGR
T

aGc-T,)

SR ... Speed Regulator
RGR .. Roll gap regulator

SR _J SR SR [sr ] SR
T ¥ T 1]
\A_GC[-_F,_{ asc-g | lacc-m)|[acc-B
AGC-F1 .,. No.l STD Feed-forward press AGC
AGC-M, ... No.l STD BISRA AGC
AGC-B ... No.l STD Feed-back press AGC
ABC-F; ... No.2 STD Feed-forward tension AGC
ABC-Ts ... No.6 STD Feed-back tension AGC

Fig. 1.
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Diagram of the automatic gauge control system in the No. 3 cold tandem mill.
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Fig. 2. Block diagram of automatic speed regulator, including the effect of strip tension.
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T¢ : Front tension stress on strip
Ty : Back tension stress on strip
J + Forward slip

¢ : Back slip

V : Roll speed

4 : Cross section area of strip

E : Young’s modulus of strip

L : Length between stands

: Laplace operator

Fig. 3. Block diagram of relationship between
roll speed and strip tension.
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Fig. 4. Bode diagram of speed control system.

kigh, m—ARECKHTEA2 Vv FEERTOELIL]
WEBREIDZ EDbon%. F 3 HMEESCORIER
B, Tp=0.0ls, K,=200~2000kg/mpm (at 2%
Speed) THor.

DAEDRR%® Fig. 3 w@ALT, A% v FEERHO
BEYZRFIRY VY IANAE VY F I ADEEE, ARV
FRIENOREERX S5 % 74 I LOBSOEEHE
FORBEIEXTETHE Fig. 4 X 5. &
BBl bLh L3, YV ZAAZVFI VOB A
W, RAIT7 4 — Vo, 2BRVe W e®, IRERED T
Vs, Bl Z VT AIARKWTS, EEEERITED
T4 —FRy 20— O ¥ VBN TD BB HE
W L Lishi b, KRR, BA7 4 —Fy 20—
T4 VHRBDTELS LD, BELEL S, EFEKO
LA DIGERL, EEEFEOR 10 O+ — &4 — CTHE
B9 0.3~1.0s L k&7 Bhat Us 2 LAHER

2

5, EER, Aty TRZGALRKRIIE, Fig. 51
AT IXORRDOBICHBDELEL T3,

L7chi 2T, a4ty TRBALEO e — VHEED
B EMD OBRSTET (4)Rodhox 2 v FEERMN
ilh, 75y —v%REEED, COFEE Ve, FiX
BHA 7 ¥ — CEAREE L ULEEFHMROBREEN
MBS, BRagEE LTEHEROF 1 v 7 » 75
Zz bhad, BRHROBBRHORIROREN LY 1 v 7
v ZIXREETHS. £ T, Fig. 6 Wind X 5 7BhE
BERYRE L. - oRERHRENBEERY, %
BAZ VALY o FTHOMZGAATIE, BIENEGE
w BEHEW#ET 5 X 5 EERERA L LERIESERL S
2B5bDTHD. ERTOF A MERED 1l Fig. 7
WRT A, BRESEEROERC X BROIZH EXDY
REEIL 2 s D 0.2s KEMIh, BHOBEIRED
Bith, A7 75— OBLY B ARETH B = 4
5. 282z v FHAICOREDCERES Fig. 8 iR
TH, EREHREROFHC I A7 ¥—CEIEEL
DT 5B, ,

Rolling direction

Current,
of No.3
stand

Strip tension
between No.2
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No.3 stand

Rolling load
of No.3 stand

Fig. 5. Example of current response without
current delay compensation.

Current delay compensation circuit
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Speed .
referer Vm‘\t to mill motor
__ Ccm/‘tra‘l'ler ;yﬂler .

Speed Teed-back Current feed-back

Fig. 6. Diagram of current delay compensation
circuit in speed control system.
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Rolling direction

Current
of No.3

stand I’ 79004

Strip tension
between No.2
stand and
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I 24TON

Rolling load
of No.3 stand

Fig. 7. Example of current response with current
delay compensation.

1.95 T T
without current delay compensation

1.90F < / 4
£ S
0
< .85 ]
g185¢;
o
=
=1
»
o
By
H1.s0l
w e

with current delay compensation
s .
1‘750 + 2 3
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Fig. 8. Effect of current delay compensation.
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Fig. 10. Effect of drooping.
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Fig. 12. Block diagram of minor speed control
system by process computer.
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Fig. 16. Thickness change at tail out
Fig. 15. Effect of off gauge control of the top of i-1 stand.
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Fig. 17. Example of change in thickness at tail
out of No. 1 stand.
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