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Synopsis :

Mathematical models have been developed which can accurately simulate time-series
changes of strip thickness, tension, rolling load, etc. in cold tandem mills. These are
composed of mathematical rolling and regulator models, and results of simulation agree
well with those of actual rolling. As analysis of non-steady rolling phenomena can easily
be carried out by those models without actual rolling, the field of their application is
very wide. Then, they were used for various studies to obtain knowledge about systems
sucha as automatic gauge control characterized by both accurate gauge at the high
speed rolling stage and short off-gauge length at the threading stage, and flying gauge

change characterized by short gauge-change time.

(c)JFE Steel Corporation, 2003

AIIROR—VnbEETEET,




150

ubeC 217710656569 14-122 418
65012122

W Z > T4 2c B b
ol p il R 22— 3 >

Simulation of Non-Steady Rolling Phenomena in Cold Tandem Mills

= H LN E -

Hiroshi Yoshida Yo Ito
A~ S BE s BT
Tokushi Funakoshi Takanori Fujiwara

{E e AR ";I §§ a ia*****

Hifumi Tsukuda Takaharu Ete

Synopsis:

Mathematical models have been developed which can accurately simulate time-series changes of strip thickness, ten-
sion, rolling load, ete. incold tandem mills, These are composed of mathematical rolling and regulator models, and results
of simulation agree well with thase of actnal rolling, As analysis of non-steady rolling phenomena can easily be carried out
by those models without actual roliing, the field of their application is very wide. Then, they were used for various studies
to obtain knowledge about systems such as automatic gauge control characterized by both accurate gauge at the high speed

rolling stage and short off gauge length at the threading stage, and flying gauge change characterized by short gauge-change

time,
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Fig. 1

45Sp(mm} VRp(MmYs)
(a} APR (b) ASR
A5, 1 Reference serewdown position {mm)
Fy ! Feedback gain (V/imm)
o 1 Screwdown gain
Tw  Time constant of screwdown ASH ()
. . Conversion coefficient (mm/V.s]
gn o Gear ratio
45 © SBerewdown position change {mm)
VR, ¢ Reference speed of roll (mm/ss)
Vit . Maximum speed of rull {mm/s)
v 0 ASR circuit gain
T..T20 ASR circuit time constant (s)
i« o ASK gain adjustment
F. : Current detection gain (ASV)
Te  : Time constant of moter [s)
I C Current {A)
J * Moment of inertia (kg.m")
¢, . Coeflicient of torpue (V.s/rad)
@ © Angular velocity of moter (rad/s)
] © Work-roll diameter (mm)
g : Gear ratio
(s : Rolling torque [t-m)
F.  : Speed detection gain (V.s/rad)
Deas © Maximum diameter of work roll [mm)
Droop’ Droaping (VA
VR Roll speed (mm/s}

. Laplace transformatien operator

Block diagrams of {a) APR (Automatic
Screwdown Position Regulater) and

{b) ASR (Autematic roll Speed Regulator)
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Serow aHi_ahk © Thickness deviation by X-my gauge
monitor AGC BISRA AGC 6P Rolling load deviation of No.1 stand
vi Reference speed of roll
FsmFpFvifvm - Gain ot AGC
T - Time
Tl Transfer delay time
GmeGms . Successive  gain
A - Llopltace transtormation operator
%AQIS(T)
[y
X-ray @
Speed feedforwand AGC
Speed monitor AGC
Fig. 2 An automatic gauge control system in cold tanderm mills
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Table 1 Standard condmons fnr simulating non-steady relling ot a str1p b 288 mm wide

Standard number

TP B S RN T T R

Strip lhlckmss {mm) 2.80 [ 1.928 1.407 | 1.057 l 0.863 0.800

Strip teasion (kg,‘mm ) 2.72 | 13.75 15.03 ‘ 15.41 J 16.07 3.76
LI T L M B Te—1 - ,]7,, e

Rolling speed | Threadmg stage i 831 ) 1 148 B ] Sl,ﬁ ,,,5, _1. !:}44 ;,,”,2,?700 -

(mm fs) High speed stuge 7119 9 B22 12972 ‘ 15 787 17123

o R _ A, : —

Work roll diameter {mm} 539 535 i 559 l 562 6.1

Back up roll i Upper 1476 1401 1478 | 1466 1474

diameter  (mm) Lower | 1396 1513 1388 1471 1498
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Fig. 3 Simulated results of exit thickness changes with
time at the threading stage
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Fig. 4 Simulated results of fension changes with time at
the threading stage
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Simulated resulis of roll speed changes with time
at the threading stage
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Table 2 Selection of rolling conditions in the case
of the changing point passing through No.
i stand when executing thickness change
during relling
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Exit thickness h 'F' hi‘L ﬂi
Back tension tf,[ I3 '}1 t JA
Rott gap S EW S ;l S:
Rall speed VR VR | VR|
— - S -
Suffix ;' Initial schedule
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Table 3 Schedules for qlmuldtmg thickness chmge during the rOllmg of a :,mp 917 mm wide

Standard number

T
1 2 : 3 ] 4 I 5
- ! I | -
I Strlp thickness (mm) 2.80 1.82 1.36 1.04 0.87 0.80

lnitial H T T T T : TTTTTYTTTTTTTTTTT - T/ T T o

5 X . . . : 4.
schedule | _ tnptenswn( g/mm )_ ) __A_js.o (10 180 1 19.0 200 5

Rolhng speed (mm,’s) 2925 3952 5 ]29 6 106 6 667

Strip thickness (mm) 2.80 1.78 125 | oo 0.76 0.70
Final ) ; . ) : B
schedule Strip tension (kg_;'rrr}rm ) 3,50 180 19.0 20.0 21.0 s1

Rolling speed {mm/s) 2618 3e78 l 4962 106 6 667
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Fig. 11 Simulated results ot exit thickness changes with
time at the flying gauge change stage
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Fig. 12 Simulated results of tenston changes with time at
the flying gaupe change stage

5.1 BEAGCL AT LDt

PLFavt AGC & AT A9 ta o 2 b -
93>:¢Uﬁqtdtﬁt,ﬁAG A
P U EREIO 1 PRI A LTS G, iR B
R I kT - L
(10 A7 o PRz a4 Mo @ il L,
LR AR I A L L TR A g AT
(20 =& R ey T R A

— 164

CHIET AR LT B,

I 1y

¥ The change point of Noi exit thickness
%1 ®2 #3 w4 w5

a5 l

o =)oty

gap 45
-
v
j

- ‘ \ W\ Imp
2
ASL‘ "(__ - T
5 o2
5 l
o
A aSs i
O l
L ! 1 1 ! i | | H 1
o] 1 2 3 4 9 6 7 [} 9 10

Time (s}

Fig. 13 Simulated results of roll gap changes with time at
the flying gauge change stage
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Fig. 14 Simulated results of roll speed changes with time
at the flying gauge change stage
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