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The Current tendency of the hot strip mill in Japan

Introduction

Before the o0il crisis happened in 1973, Japanese steel industry went on

to make thier production facilities more productive installing high

performance equipment in order to meet the demand from steel consumers.

Since the oil crisis, however, the situation of the steel industries

are changed, because of the recession of the world economy and also

thier nature which the steel plant does have to require the huge amount

of energy on thier steel production process.

Having the said back ground, the new designs and the improved operation

technigques have been under development to meet the requirements from

below-mentioned criteria and some of them are already tried in the

practical operation.

The new tendency of the hot strip mill in Japan is mainly depend upon

the save of energy, material and labor force.



[}

2. The tendency of the lavout

The recently ordered hot strip mill to Mitsubishi Heavy Industries,Ltd,

have been planned out as 3/4-continucus hot strip mill by the below

listed main reasons.

(1) Economization of investment cost for mechanical, civil, and elec-
Trical equipment.

(2) Equalization of the production capability between roughing train
and finishing train.

(5) The better flexibility of the selection of pass number on roughing

train. This will aim very much the rolling of the low alloy steel

and high tensile steel.

(4) The better flexibility of the temperature control of the slab on

the roughing train.

3. Current technioues .

3-1 1In order to save energy:-

Among the equipment and facilities for hot strip mill, the slab reheating

furnace is the biggest energy consumer and alsc is acting as the principal

equipment for the slab temperature control. .
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Therefore, the saving the energy on the slab reheating furnaces are

most effective ways to achieve the energy saving in the hot strip mill.

In accordance with these condition, the following technigues are already

developed and applied.

(1) Direct rolling the hot slab from slabbing mill.

(2) Hot charging the slab to reheating furnaces.

(3) Low temperature extracting the slab from reheating furnace.

(4) Temperature controlled rolling.

Direct rolling the hot slab from slabbing mill.

The several mills, more than four mills are rolling the slab directly

from the slabbing mill without reheating in the furnace, in order to

achieve this operation, the slabbing mill and the hot strip mill are

to be located in tandem as shown below,
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The hot scarfing machine located on the rear side of the slabbing mill,
will be operated automaticaly for the conditioning of the slab.

The automatic inspection device for the defect on the slab surface is
under development at this time.

As a2 TDbenefit of the direct rolling the hot slzb without reheating in
the furnace, the energy consumption of the reheating furnace will come.

down to approximately 80,000 ~ 100,000 Kcal/ton instead of the 360,000

~ 400,000 Kcal/ton.

Hot charging the slab to reheating furnaces

Another mejor operation technique to save the energy consumption in
the furnaces is Hot charging the slab having temperature arround
500°C ~ 700°C at entry end of the furnaces.

In this case, the slabbing mill or continuous slab casting machine
can be installed in any place and the slab transfer between hot strip

mill furnace charging end and them are required.



- 200 =

3=1-3 Low temperature extracting the slab from the reehating furnaces

>=1-4

It have been almost common sense to extract the slab from the reheating
furnace and feed to the rolling mill at 1,25OOC in the temperature.

Now, however, from energy saving and improvement of the quality of tne
steel, lower extraction temperature became common, which will be

arround 1,150°C.

As the advantages of this operation, 10% of the fuel may be saved and
the tensile strength of the steel may be increased maintaining the grain
size within the range under 8.

For the latter purpose, of course, the temperature control throughout

rolling are also essentially reguired.

Temperature controlled rolling
As stated on the bottom half, the improvement of the tensile strength
of the steel can be done, controlling the temperature of the bar in

roughing train or finishing train.

2.2 In order to save the material

The most effective mean to save the material is the improvement of yield

and contiol of dimensional accuracy of the product. For this purpose, the

following technigue are developed and improved.
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(1) MAutomatic gauge control

(2) Compensation of Back up Roll eccentricity

(3) Minimize of Head end mark on the bore of coils

(4) Automatic width control

(5) Minimize of necking of strip

As the future step, the followings are envisaged for the better yield
of the hot strip mill

(a) Precision crown control

(b) Minimize of edge drop of the strip

(¢) Change over the thickness in one strip

(d) Looper less control on finishing train

3-2-1 Automatic gauge control
The automatic gauge control on the hot strip mill have been done
employing the electrical guage control system, MHI have, however,
developed recently the hyd-grease type gauge control system which
are installed on the top of the top back up roll chock as conpact
assembly having better performances such as quick response, steady
operation, less maintenance etc, and applied to the 186 inches

Japanese plate mill in successfull operation.
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Of course, MHI is also manufacturing another type hydraulic A.G.C

system consisting of the fluid cylinder, servo valves and inductsyn

for the constant roll gap control. The ideal arrangement of hydraulic

will have 2lsoc been studied.

Compensation of the Back up roll eccentricity

The eccentricity of journal and roll barrel of Back up roll come from

roll grinding can cause cyclic variation of roll gap due to it's

revolution. This will cause the thickness fluctuation of the strip

up to today, This cyclic fluctuation of roll gap could not be compen-

sated by Automatic gauge control.

Mitsubishi Heavy Industries, Ltd. have recently developed the compensation

control system to eliminate the influence of the back-up roll eccentric-

ity utilizing the load signal from load cells the position signal of the

roll rotation and computor system.

The trial achievement of this control had tazken the place in Japanese

cold mill in last year,after several trial achievement, it has been

proven that the system is guite stable and effective to eliminate the

influence of Back up roll eccentricity from strip thickmess.



%-2-% Minimize of Head end mark on the bore of coils

F-2~4

When the heavy gauge strip is coiled up on the downcoiler mandrel,
first few wraps have to suffer from the printing or deformation due
to the step of the strip head end.

In order to release this problem, Mitsubishi Heavy Industries, Ltd.
had applied 3-step expanding mandrel for downcoiler, on the past design.
However, recently head end mark on the cooled strip became more
severe due to increasing the needs to roll hard thicker material
for line pipes.

As a solution for this, recently MHI have developed new design
which is providing the pneumatic spring between unit roller bearing
and it's frame having spring force variable control to establish
adeguate spring force according tQ the strip thickness in order to

minimize the contact force of unit roller to coiling strip.

Automatic width control

According to the installation of the continuous slab casting machine,
The width step variation of the slabs are grouped into several pattern
to minimize the changing of the casting moulds, Therefore on the hot
strip mill, the width of the slabs have td be adjusted to the specified

strip width.
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3-2-5

And also heavy thick slabs are introduced to bring the mill productivity

higher, therefore on the edging mill, edging force have to be adjusted

to maintain slab width constant, because of the fluctuation of thermal

distribution.

¥rom above demand, MHI have developed the heavy duty edging mill having

below specification for heavy continuous cast slab rolling.

Minimizing of necking of stxip

When strip tension in between last mill stand .and mandrel are. fluctuated
by some reason such as different acceleration or deceleration performance
of each drive, the width deviation will be happened, which are called as
the necking of the strip.

From actual operation, it can be said that the necking of the strip

will be happend frequently on the strip having the sectional area less
than 2,000 mmz.

Therefore, in order to avoid this necking, Down coiler mandrel drive

will be equipped with change-over type gear drive to select best

possible inertia for the tension control of the thin gauge material.




Reference data
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Heavv Edginzs Mill

Slabs tc pe rolled

Max, 350 mm thick

Max. drafzt

100 mm

Edging speed

70 m/min

Roll adjust mechanism

Hyd.-Mechanical

Roll adjusting speed

Max. 80 mm/sec

RAWC

Screw-nut sliding
by Hydraulic

Normal roll adjust

by Mechanical

. Adjusting force

Max. 500 tons
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Festures
Tne SEEMES AGC system mainly consists of mein eylinders and
intersifier cylinders. The mzin cylinder is controlled by the
intensifier cylinder using:grease &s & mediun.
£s the meir cylinder is of a gresse cperatior type., it has e
bigh capebility of sealing so as to enable it to meke 2 high
rressure operation, eand therefore when the system has been aprlied
to respective kinds of rolling mill, it can make the best use cf
the following features.
(1) High resporsiveness
Because this system has a good responsiveness cf about 2 times
es high as that of the electrically operated AGC system, it
can be expected that improvement is mede in the strip thickness
accuracy.
(2) AGC rolling under & high load
4s the grease operating pressure in the mein cylinder is
allowed to be raised up to max. 450 kg/cm?, the AGC rolling
can be performed under & high load.
(3) Varieble mill modulus control
Rolling can be carried out at the optimum mill modulus selected
according to the cheracteristics .of each stand.
(4) Unjemming function
Jemming of the mill rolls can be easily released by the pull

“ back of the msin eylinders.

MITSUBISHI HEAVY INDUSTRIES, LTD.
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(5) 4idsptability to existing rolling mills
4s the mein cylinder is instelled 'at the upper pert of the
rill housing, it.cen be additionslly installed -esesily without
changing the pass-line, thet is, by only some -adjusimeri of
the rell gap.

(6) Decrease of investment cost
4s a flet cylinder is adorted for the mein cylinder, this
systen cen meke the height of the mill housing lower &s corc-
pered with other type bydrsulic AGC systems and moreover, it
does not recuire to provide dummy blocks for fixing securely
the location of the pass line. Therefore this system can serve
also for the saving of investment cost.

(7) Maintenace
As the mein cylinder is instelled at the upper part of tke
mill housing, its enviromental conditions ere relatively good
es compared with other type hydrsulic AGC systems and also its

removal can be mede emsily, which facilitates the maintenance

work.

MITSUBISHI HEAVY INDUSTRIES, LTD.
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Construction

The mein-cylinders .end-the intensifier cylinders are assembled in

the croes frame which is installed under the screw=down screws and

is ranging from the work side. fto the drive side of -the rolling

mill. Tne cross ‘frame is also -provided, by the -manifold type

fitting method, .with-the piping end -equipment for pilot cylinder

operation.

Greese is filled between the mein cylinder and the intensifier

cylinder, end by using the grease as a medium, the position of the

mein cylinder is controlled by kydraulic control of the piston

position of the intensifier cylinder.

L3 the pressure intensifying ratio of the intensifier cylinder is

selected to about 2 times, the working oil pressure for the intersi-

fier cylinder becomes 250 kg/cmz at the highest for the 450 kg/cm2

maximum working grease pressure of the mein cylinder, &nd therefore

this SERFES AGC system hes & universality in selecting the hydraulic

source equipment end the electro-hydraulic servo-valve.

In designing the SERFKES unit, importance must be attached particular-

ly to the resistance ageinst the vibrations originating from the

rolling load, end in this respect, considerations are given as shown

below.

(1) Especially, as for the wear of the sliding surfece between the
main cylinder and the plunger, the bush construction is adopted
8o .that maintenance.(replacement) can be cerried out easily.
Similar considerations are given also to the intensifier

cylinder, etc.

MITSUBISHI HEAVY INDUSTRIES, LTD.
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(2) Intensifier cylinder end position detecting device
Especiglly, in the case of a rolling mill which is subjected
to large impacts, a vertical type arrangement is adopted for
the intensifier cylinder and the position detectirg device so
that unexpected sbrnormal loads - will not act on the cylinder
rod and the detecting rod.

Purther, the detecting rod is provided with a guide damper
to slacken the influence by the impect load.

(3) The vibration resistence becomes a rroblem also for the piping
parts.

In this respect, however, a menifold block construction is
adopted to decrease the number of Jjoints es far as possible.
As for the detailed construction of the SERKES unit, please

refer to the following page

S =~ S

MITSUBISHI HEAVY INDUSTRIES, LTD.
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SERMES AGC SYSTRM

- System Control Diagram = s i ke
erew—d
Screw- -
down Operating panel
Pressure detector @ = ()@ — — — o — — e i ) W e . s s -| motor :
- BRolling force
. ol _ F__ota_l_Difforoncc
Boad paid Intensifier cylinder pan r T pen1 gap
. fj?j v.s  D.S
—————“mm———————"———w‘————J ; | cxobyg
R LS. S I |
1o i L]
e e 1l ]
- Position detector : : r- ii g;:r- Roll setting AGC
8 . - -
7 k/ | | 1l I Setting %1"”‘“, pyel
XA ' 1 I‘ Check valve for " i {J- N N NI/ N
| s 0il circuit shut-off | = ; 1 1 — ———= T
f @/ — ==L TESI Syeven Quick
Main cylinder - ystem
e —— — — — — — —— — — M‘lu np 28~
| E)Jl_ I: TT == reset Teset P g
: : Hydraulic| Load- — =11 9 9 Q
—— — T ——  — ——— — — —— -—l
| ectro— loading cell crew-
" |hydraulic| control control 2 ‘GcOft own  Metal-
! «vo- — | T T 7] panel pansl in
] :‘l" Q Yg {
25 | l o I:r)
L — m ) Main cyl. g?lpletlon
| o [ 0 .
i : I | : : 1 g:{ ?g:?t preparation
N ] L ]
| Unload relief valve - L_L_ 9_ _(B_._g
| - |
for unjamming
= -
| For the position controvl, the control operation (calculation) is carried out in the
| hydraulic leading control panel by the set input and the position feed back signal
: from the position detector which is directly eomnected to the intensifier cylinder
| piston, and then a control signal is put cut to the electro-hydraulic servo-valve.
Explanation of system control diagraa: : The electro-hydraulic servo-valve performs the control of the intensifier cylizder
. iston to the specified sition by means of contrelli the 0il flow rate to the
As shown in the above figure, the hydraulic loading control L * e il i o

. intensifier cylinder by its control si 1.
system consists of mechanical devices, hydraulic devices y ¥ N SN sigua

and electric control devices and it is an integrated control
system which has simplified the construction of the mechanical
devices and increased their efficiency and also has made the

For the ACGC control, the centrol operatien. (calculation) is carried out by the rol:-
ing force signal and the strip thickness deviation signal from the load cell or tue
pressure detector (detection of grease pressure in the main cylinder) and then a

control signal is put out to the electro-hydraulic servo-valve.

best use of the high responsiveness of the hydraulic servo device.
Beside the above, the SERMES AGC tem has the followi main control functions.
In the SERMES AGC system, grease is filled between the main cylinder and the ' SrRRem Aes ne
¢ Variable mill modulus AGC control © 0il circuit shut-off control

intensifier cylinder and all the positioning of the maim ecylinder is carried out ;
¢ Rell tting Moni t
by setting the position of the intensifier cylinder through grease trensmission. ° °¢ ° Monitor ACC control

(6]

Unjamming operation






Production records of SERMES AGC system

Baujaht Anlage Gerisltabmessungen | Geschwindigkeit| Nominala Walzlast Kenngrohe
No.| vear Mill Type Mill Size Mill Speed Rolling Load SERMES-Sizo
[mm]) [m/min) [KN]
1 1971 Kallband- 465 ¢ x 1420 9 x 1650 600 18 000 565 x 12
Reversiergerist
2 1972 | 5geristige 585 ¢ x 1350 @ x 1260 1800 24 0CO 565 x 10
Kall-Tandomslrafe
3 1972 | 6garuslige 585 O x 1410 ¢ x 1525 2300 20 000 610 x 95
Alu-Kaltbandstrale
4 1973 | 2gerislige 600 @ x 1420 @ x 1320 2130 16 000 565 x 12
DCR-Strafle
5 | 1973 | Kaltband- 430 @ x 1270 @ x 1220 680 18 000 650 x 12.5
Revorsiergerust
6 | 1973 | Kaltband- 535 (b x 1525 @ x 1830 1000 18 000 565 x 12,5
Revorsiorgorist
7 1974 | Sgeristige 460 @ x 1250 @ x 1070 1370 18 000 520 x 13
Kall-Tencomstirafie '
(Gerist 1) '
8 | 1974 | 7geristige 875 O x 1300 () x 1700 | 720 20 000 650 x 20
Warmbandfertigstrafg -
(Gerust B 5+6+7)
0 | 1974 | 4goriistige 580 ¢ x 1420 ¢ x 2030 1200 20 000 650x 10
Kalt-TandemstraBe
(Gerlist f§ 1)
10 | 1975 | Kaltband- 420 )-x 1500 () x 2250 105 25000 650 x 15
Roversiergarist I
1 1975 | Blechstrafle 995 () x 2030 @ x 2800 300 94 000 1016 x 25
12 1975 | Kaltband- 150 ¢ x 380 ¢ x 250 16,7/50 2000 1778 x 0,75
Reverslergeriist
13 | 1976 | Sgeriistige 585 ¢ x 1350 ¢ x 1220 2000 12000 565 x 12,5
Kalt-Tandemstrafio
14 |1976 |Blechstrafle 9508x21006x3700 360 77 000 1000x20

Hersteller
Builder

CLE / SACK
CLE

CLE / MESTA
SACK

SACK

SACK

MESTA
SACK
SACK

SACK

MESTA
CLE

SACK

SACK

Aultraggeber und Ort
Cuslomaer and Location

Rassolsteln AG | Werk Neuwied / BRD

J. J. Carnaud |/ Basse-Indre / Frankroich
Alcoa [ Warrick Works / Indiana / USA

Hoesch Hittenwerke AG / Dorlmund / BRD
TERNI SpA [ Terni / Italien

Usino &a Gustav Bool SA, La Louviere, Bcléiun

Allos Hornos de Mexico, Monclovia, Moxico

August Thyssen-Hitlo AG, Werk Bruckhausen / BRD

Stahlworke Peine-Salzgitter AG, Wark Salzgitter / BRD

Avesta Jernverks AB, Avesta, Schweden

Bethiehem Steol Corp., Burus Harbor Plant, USA
Irsid-Paris, Frankrelch

CORNIGLIANO, Gonus, Italien

August Thyssen-liiitte AG, Werk Huckingen/BRD

- &1 =
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Comparison table of various kinds of AGC systoms (1/2)

SERMES AGC system

Hydraulic AGC system

Electric AGC system

(1) Installation position

Usually the cylinder is
installed in the window
upper part of the mill
housing.

Usually the cylinder is
installed in the window
lower part of the mill
housing.

Usually this system is
installed on the top of the
mill housing.

(2) Main operating members

Grease operated main
cylinder and hydraulic-
ally operated intensifier
cylinder

Hydraulically operated
cylinder

D.C. motor and screw~down
screv

(3) Strength of electric-
ally operated screw-
down device

As the electrically operated screw-down device does
not work at the time of AGC rolling, high load does
not work on the screw-down worm gear set.

As the electrically operated
screw-down device performs
the AGC rolling, a high load
design is required for this
system,

(4) AGC rolling load

Because the max. working
pressure of the main
cylinder is 450 kg/cm?,
a high load rolling can
be carried out.

Because the max. working
pressure of the cylinder
is 350 kg/cmz, this sys-
tem is inferior to the
SERMES AGC system,

As the rolling 1l6ad is limi-
ttéd by the strength of the
driving mechaniom such as
worm & wheel, screw & nut,
etc,, this system is inferior
to the others in the high
load ‘rolling.

(5) Acc operation
responsiveness

At position control
At BISRA control

As the main cylinder is
controlled by the inten-
sifier cylinder, using
grease as the medium,
this system is inferior
to the hydraulic AGC
system in the point of
responsiveness,

30 rad/sec
10 rad/sec

As the cylinder is cont~
rolled directly, this
system is most excellent
in the responsiveness.

30 rud/sec
70 rad/sec

The motor itself has a large
inertia, and therefore there
is a limitation in the
responsivencss,

T5 rad/sec
4 rad/sec

- 912 -
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Comparson table of various kinds of AGC systems (2/2)

SERMES AGC system Hydraulic AGC system

Electric AGC systenm

(6) Setting accuracy of
roll gap

Setting accuracy can be raised by making fine adjust-
ment with the cylinder after setting of roll gap by
electrically operated screw-down device.

Setting accuracy is decided
depending on the degree of
accuracy of setting by the
electrically operated screw-
down device.

(7) Taper rolling

In the case of platé rolling, taper rolling can be
carried out within the stroke range of the cylinder.

Taper rolling is restricted
by the shortage of capacity
of the AGC screw-down motor.

(8) Unjamming function

By the pull~back of the cylinder, unjamming of rolls
can be carried out easily.

In the AGC screw-down motor,
roll unjamming capacity can
not be expected.

(9) Maintenance items

Maintenance for the wear | Maintenance of the rela-
parts in the SERMES unit.| tive parts of the cylinder
© Bushes and packings for| o Bushes and packings for

the each cylinder the cylinders
o0 Position detectors o0 Position detectors
o Piping parts oPiping parts

Maintenance of hydraulic working device

o Control of working oil

o Maintenance of the servo~ valve and filter
oMaintenance of the hydraulic source equipment

Periodical inspection for
the wear of mechanical parts.
0 Screw—-down worm gear sets
0 Screw-down screws and nuts
o Bearings

o Clutches, etc.

(10) Large spare parts

o Bushes and pickings for| © Cylinder assembly

the SERMES unit 0 Position detectors
oPosition detectors o Servo-valve
oServo-valve o Filter element
oFilter element o Others
o0thers

0 Screw-down worm gaer sets
o Screw~down screws and nuts
o Bearings

oOthers

- L12 -
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ROLLING ECCENTRICITY CONTROL

OF

STRIP MILL

JULY, 1977

MITSUBISHI HEAVY INDUSTRIES, LTD.

Hiroshima Shipyard & Engine Works
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Preface

Recently, demands for thickness accuracy of rolled products have become
increasingly strict and severe from the standpoint of improvement of
yield, and the hydraulic push up system developed as a countermeasure

for the above and excellent in controllability, is exhibiting its
noticeable effect.

In this respect, if the spring constant of mill (mill modulus) is raised
by control, it is effective for preventing product thickness variations
due to incoming strip sheet, however, it has a reverse effect on varia-
tions of product thickness due to roll eccentricity of mill itself.
Therefore a control system for removing the influence of roll eccentrcitiy
has now become one of important subjects of development in the field

of steel industry.

For this reason, our company has developed a roll eccentricity compensation
control system as explained hereunder on the basis of our measurements,
researches and experience of actual test and operation concerning the

roll eccentricity in the past.

Our roll eccentricity compensation system has two modes. In mode 1,

the roll eccentricity is detected before start of rolling on the rolls
being rotated in contact condition and this data is used for roll
eccentricity control during rolling; off-line detection of roll eccentricty.
In mode 2, the roll eccentricity control is made through detection of

roll eccentricity during rolling; on-line detection of roll eccentricity.
A combined.use of the two modes will permit effective compensaiion

control of the roll eccentricity.

Fig. 1 shows system control.diagram.

MITSUBISHI HEAVY INDUSTRIES, LTD.
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2. Roll eccentricity of mill

In a 4-high mill, roll gap causes variation due to eccentricity of

back up roll at every revolution of back up roll, as its one cycle,

which resulis in lack of uniformity in product thickness.

2.1 Influence of roll eccentricity
If the gap variation due to roll eccentricity is deemed as B, the
amount of variation to be shifted to product thickness becomes KB
(K is an influence coefficient) in no BISRA control conditions and
the variation is decreased to a few tenths.
However, in case the BISRA control is being carried out, product
thickness is influenced by roll eccentricity of nearly 100%, for the
following reason.
2.2 Relation between BISRA control and roll eccentricity

In the BISRA control, the'mill is deemed as one spring and roll gap
is controlled by detection of rolling force, defining "increase of
rolling force = expension of roll gap" end "decrezse of rolling
force = contrection of roll. gap".
On the other hand, in the roll eccentricity it can be said that
"increase of rolling force = contraction of roll gap" and "decrease
of rolling force = expansion of roll gap".
In other words, the BISRA control and the roll eccentricity are
inversely related with each other.
Consequently the roll eccentricity compensation control is particularly

important, when the BISRA control is carried out.
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5. MHI roll eccentricity compensation control system (patent pending)
This system has been designed after full considerations and examina-—
tions of characteristics of roll eccentricity, and iis principle,
action and characteristics are shown below.

3.1 Control principle

1) Mode 1
Before start of rolling, the rolls are rotated in contact condi-
tion under a certain rolling force. The variation of the rolling
force is detected along with the rotation angle of the top and
bottom back up rolls and memorized by mini computer. The rotation
angle is detected by the pulse generators connected to the top
and bottom back' up rolls.
The separation of roll eccentricity waves of the top and bottom
back up rolls is achieved by simple calculation on a mini
computer from the above data.
During rolling, the separated eccentricities of the top and
bottom back up rolls are combined in contrast with the rotation
angle and converted to roll eccentricity compensation signal.

2) Mode 2
From the rolling force variation signzl just after start of
rolling, a roll eccentricity signal for one cycle is separarated
and calculated by computer.
The separation is carried out by utilizing the fact that the period
of roll eccentricity coincides with the period of back up roll
revolution. In the 2nd cycle, control is carried out by putting
out the eccentricity signal sought out in the 1lst cycle, in
synchronization with the revolution of back up roll, and also if

any rolling force variation due to roll eccentricity remains, it
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is calculated from the rolling force signal.
In the 35rd cycle, control is carried out with a signal which has
been obtained by means of compensating the eccentricity signal
sought for in the 1lst cycle by the signal sought for in the 2nd
cvcle. In the same method control is carried out in and after the
4th cycle .
5.2 Characteristics of MHI roll eccentricity compensation system
As mentioned above this system has adopted the method of separating
and extracting the roll eccentricity control signal by computer
from the rolling force signal, and has the following features.
1. It is not necessary to provide any special equipment at the
mill for the detection of roll eccentricity.
2. The detection of roll eccentricity, before start of rolling,
is done automatically by mini computer. |
3. Since this system has adopted a method that the roll eccentricity
signal calculated by computer is compensated at every ecceniricity
compensation control cycle, a signal of high accuracy can be
obtained.
4. The main point of roll eccentricity compensation control is
the detection of eccentricity signal. Effective roll eccentricity
compensation control can be expected by the combination of

two roll eccentricity control modes.
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Results of actual test
We made operation test of the roll eccentricity compensation system
to affirm the effects of the roll eccentricity control in Kashima
Works of Sumitomo Metal Industries and obtained good results as shown
in Figs. 2 and 3.
Fig. 2 shows the results of the roll eccentricity control in mode 2
with the rolls béing rotated in contact condition. The measurements
indicate that the variation of rolling force due to the roll
eccentricity was reduced from 88 to 20 tons or to about one-fourth
through roll eccentricity control.
The rolling conditions during this test are as follows:
1) Rolling force : 1,000 tons
2) Rolling speed : 200 m/min(at lio.l st'd)
3) Mill modulus on BISRA AGC‘: 2,100 tons/rn
Fig. % shows the results of the roll eccentricity control in mode 2
during rolling. The measurements indicate that thickness deviation
owing to the roll eccentricity at No.l stand was improved from 31?.
to 16H at the delivery side of No.2 stand through roll eccentriecity
control.
The rolling conditions during this test are as follows:
1) Rolling force of No.l stand : 1,000 tons
2) Rolling speed of No.l stand : 398 m/min
3) Material thickness - 2.3 mm

Product thickness 2 0.5 mm
The effects of the roll eccentricity control in mode 1 will be

measured in Kashima Works on and from July 22.
Note: Since patent is applied for the method and system of the roll

eccentricity compensation control described above, please refrain

from disclosing any information contained to a third party.
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Study on the Arrancement of Hydraulic Screw-down Egulpment

in a Tandem Hot Strip Mill and a Suitable Looper

There is a tendency in recent vears to adopt hydraulic screw-

down eguipment in rolling mills: in tandem hot strip mills

as well as in tandem cold strip mills and plate mills.

In this paper the authors discuss the arrangement of hydraulic

screw-down eguipment in a tandem hot strip mill and the kind

of looper suited to the mill in order to obtain referential

data for the design of a tandem hot strip mill.

The results can be summarized as follows:

(1) A tandem hot strip mill having hydraulic screw-down eguip-
ment in the last two s;ands has the same cage variations
as that having hydraulic screw-down eguipment in all
stands. |

G2) In order to make tension variation smaller it 1is neces-

sary to use a new type low inertia looper.
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Introduction

Recently a hydraulic screw-down system is used in rolling
mills, not only in the tandem cold strip mill but also 1in
the plate mill. This trend is also seen in the hot strip
mill. The reason is as follows.

A motor screw-down system is no longer sufficient in both
mechanical strength and response characteristic because

of the increase in AGC load and skid-mark temperature
difference due to lower slab heating regquired by energy
saving and the reduction in- skid-mark period due to larger
product thickness.

There are, on the other hand, the reguirements for higher
product thickness accuracy and larger yield.

For references in planning construction of new or improved
hot strip mills in the-future, studies have been made on
how to arrange hvdraulic screw-down stands and the suitable
kinds of looper, using ar dynamic simulator of the hot

strip mill developed jointly with Mitsubishi Electric

Corporation.

Simulation model and conditions
In evaluation with the simulation, problems are specifica-
tions of an object to be studied, validity of the
mathematical model and specifications of the disturbances.
Specifications of a rolling mill
Tables 1~3 show main specifications of a rolling mill,

specifications of screw-down eguipment and specification

of looper.
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Tzble 1

Kain specificatior of rolling m=ill

|

o Stend No. @ ., I o [ = | e | 46 » |
“;;;;;%\\\“-\?\5\‘1 - | ! o p i Z [ | ‘ :
: : |
CRell diemeter (m=) | 7€2 | 762 | 762 | 762 | 782 | 762 | 782 |
1 t '
Motor output (i) | 9000 | 9000 | 9000 | 7400

!
|
|
|
|
|

! 1
lotor speed (rpzm) {113/300!115/300{115/300 {125/300 {152/395 i190/495 i212/550
Reduction ratio 1 >.14 ; 2.02 E 1.35 | - b= E v L= ‘
#:11 conztant (t/mm)l 600 g 600 | 600 | 600 | 600 | 600 600 |

Table 2

Specificetions of screw-down eguipment

! Screw—down equipzment | Itex Specification i
I ! Yotor 52sets:75/150kﬁ:515/1030rpm f
l " . | Reduction ratio 1/360 |
| Hotor screw-down ! Bavas lend s g |
i i Back-lash | + 15 4 f
‘ : i !

Cylinder diameter 920%x10 me |

|
i z stroke
|

Bvdraulic screw-down |

|

|

|
Cylinder maximum‘
|

4000 +t/stend

push (pressure 300 kgf/cmz) |
| Servo~valve I'00G 72-101 ;
Teble 3
Specifications of looper:s
| : : T @ : 1 E
Item ; Low inertiz looper | Conventional looper I
! | i — i, | N |
liotor | 2setsx37.5kix44rpn | lsetx75kVx515rpm E
= i
: I

None

11.6
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Mathematical model

In order for the dynamic simulator to be used generally,

the mathematical model is 1in detail, as follows.

(1)

Rolling theoretical formulae

For total roll force, torque and forward slip ratio,
considering the tension, Sims' formulae are used.
For méan flow strees, Shida's formula is used.

These are all solved as non-linear eguation.

Control systems

Control systems constitution 1s shown in Fig. 1.
Each control loop includes non-linear friction, back-
lash, saturation, dead zone and various minor loops,
so that the simulation is in high accuracy even for
small and large amplitudes. However, the present
purpose 1s to examine the effects of arrangement of
hydraulic screw-down eqgquipments and the performance
of loopers comparatively. In the constitution, only

screw—-down control and looper control systems are

thus involved.

Simulation conditions

With the simulation, a system is evaluated only by strip

gage variation and tension variation; strip shape is not

considered.

(1)

Screw-down eguipments arrangement

To compare the performance between the hydraulic

screw-down egulipments arrangement and the looper,

7 cases of motor and hydraulic screw-down eguipments

combination in Table 4 are simulated. Mill rigidities
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Arrzngeneat of screw-down eguipments

Uk o ] |
I \iv\'?; ‘ ™ C T2 i =7 ! o= ! -z | ™7 !
CESE ~J . ! g 3 c & oF i< = { - = | ot | HI ]
i- SN N T T T
1 ! E i K It E ! ) ) A )i
! ! ! l ‘ 1
! ! ! i ! i
| z | B | = E j E; E! B H
[ 1
i 1] :
r - b W | |
| o | i | I I i3 1 | I 1 H
i ! ; '
i L Eoi N k Ii I E B
|
|

17

Y

T | E E

kotes: 1. I is motor screw-doiun egquipzent

strip mill is 5CC i/m-,
. b 2 4 s -
2. Conventional loopers for cese 1; GD< % low inertie loopers
for the rest.
Teble 5
Rolling cenditions
|
Iters ! Condition |
)
{ Bar thickness ; 30 mm
: ]
| Strip thickness i 2.0 mm :
! i I
! : . !
| Strip width — 1565 mmr
i !
i Rollins speed ; 1200 /zin
i
_ . : 5 o]
i Lntry bar temperature 2t ;1 stand ! 1071 “C
1 !
N . 4 ! - O
Izit strip temperature a2t 7 stand i o7 ~C
|

Between-stands tension : 0.2 = 0.8 kg/mmz
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(2)

J 2 N

are all 3000 t/mm with motor and hydraulic screw-
down stands controlled. In Table 6 are shown 11
cases of mill rigidities and screw-down stands ar-
rangement combination.

Rolling conditions

Conditions are shown in Table 5. Strip temperature

is in steady state in each stand, except the portion

of skid mark. The value is obtained with other program.

Disturbances

For disturbances in a hot strip mill, there are that
of temperature such as skid mark and thermal run-down,
entry strip gage variation, oil film change and roll
eccentricity. Of these, skid mark and roll eccen-
tricity are severe in the strip gage control system.
However, the roll eccentricity is eliminated with a
roll eccentricity controlling device. In the present
study, only the skid mark as in Fig. 2 considered.
Response characteristics of screw-down eguipments

For step 200/M entry gage variation, control gains

in motor screw-down equipment and hydraulic screw-
down eguipment are so adjusted to give response char-
acteristics in Fig. 3. Response wave-form in motor
screw-down equipment is distorted due to back-lash

of screw and reduction gear, non-linear friction of
screw and dead zone suppressing the self-excited

vibration caused thereby.
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(5) Response characteristic of looper
For 0.3 rpm roll speed step decrease in No. 2 stand,
the tension between No. 1 and No. 2 stand shows
response characteristics in conventional looper control
system and low inertia looper control system as in

Baer, 4z

Simulation results

Simulation was made with large computer CDC CYBER 173;

the results were output with a plotter. Fig. 5 shows the

results of simulation in the case of all hydraulic screw-

down stands. Reading maximum deviations (P-P: ipeak-to peak)

value) from the plotter output, results are presented 1in

Figs. 6 to 1l1. The computing time (excluding the plotting

time with a plotter) is about 60 times the actual time.
Screw-down equipmentS arrangement and exit gage deviations
To have an indication of proper screw-down equipments
arrangement, exit strip gage deviations will be examined
comparatively between 5 cases: i.e. no screw-down AGC, all
motor screw-down stands, all hydraulic screw-down stands,
former-half hydraulic screw-down stands, and latter-half
hydraulic screw-down stands. As seen in Fig. 6, 1in the
case of all same screw-down stands, the exit gage deviation
in each stand decreases down the stream. In the case of
latter-half 4 hydraulic scre@—down stands, the curve first
in motor screw-down stands shifts to that in hydraulic

Screw—down ones.
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Then, in the case of former-half 4 hydraulic screw-down
stands, curve 1is the opposite.
Results are concluded as follows.
(1) # 7 stand exit gage deviation in latter-half 4
nydraulic screw-down stands and in all hydraulic

screw—-down stands.are similar.

(2) There is the following relationship between # 7 stand
exit gage deviation and screw-down eguipments arrange-
Jment.

All motor screw-down Sstands>~2/3 X no Screw-down AGC
All hydraulic screw—-down stands
Latter—-half 4 hydraulic screw-down stands

~ 1/3 x no screw-down AGC

(3) In certain could strip mills, hydraulic screw-down
equipment is used only in # 1 stand. This positioning
of hydraulic screw—-down equipment is not useful for
strip temperature disturbance such as in a hot strip»
mill.

Screw-down egulipmentsS arrangement, looper type and tension

variation

To have an indication of how the tension wvariations are

with hydraulic screw-down eguipments arrangement and looper

type (conventional, and low inertia), such will be examined
comparatively between 4 cases: i1.e. all motor screw-down
stands with conventional loopers as in a conventional hot
strip mill, all hydraulic screw-down stands with low inertia

loopers as in a future strip mill, latter-half 4 hydraulic
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screw—down stands with low intertia loopers as in a future

strip mill, and latter-half 4 hydraulic.Stands with con-

ventional loopers. Results are indicated in Fig. 7, which
are concluded as follows.

(1) By use of low intertia loopers, in both all hydraulic
screw—-down stands and latter-half 4 hydraulic screw-
down stands, the tension wvariations are smaller‘than
@ maxlimum tension variation in all motor screw-down
stands with conventional loopers.

(2) In the cases of all same screw-down stands, the tension
variation betwéen stands increases down the stream.

In latter-half 4 hydraulic screw-down stands, there
appears a maximum tension between the adjoining motor
and hydraulic screw-down stands. In latter-half 4
hydraulic stands with conventional loopers, the maximum
tension variation between the adjoining motor and
hydraulic screw-down stands 1is several times larger
than the maximum tension variation in all motor screw-
down stands with conventional loopers.

Number of hydréulic screw-down stands and exit gage deviation

in respective stands

The number of hydraulic screw-down eguipments in # 7 stand

varies toward the upper stream from 1 to 4, and the exit gage

deviations in all stands are observed. The relationship
revealed is shown in Fig. 8. Numerals at right ends of the
bent lines are stand Nos. Each line is the variation in
gage deviation at the respective stand. The bent line at

bottom, for example, shows how the gage deviation in # 7

MITSUBISHI HEAVY INDUSTRIES, LTD.
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stand changes with the number of hydraulic screw-down
stands. As seen, the exit gage deviation in % 7 stand
extremely little changed bevond 2 hydraulic screw-down
stands.

Numpber of hydraullc screw-down sStands and tension variations
Similary to Chap. 3.3 above, the relationship between the
number of hydraulic screw-down eguipments up the stream
and the tension variations in all stands was examined,
which is shown in Fig. 9. Numerals at right ends of the
bent lines are looper Nos. As described in Chap. 3.2,
the tension 1s the largest between motor &nd hydraulic
screw-down stands. In the case of 1 hydraulic screw-
down stand, the tension variation in # 6 looper is thus

the largest, with decrease of the number of hydraulic

screw—-down eguipment, the junction between motor and
hydraulic screw-down stands moves downstream, so that the
maximum tension variation itself also rises.

# 7 stand mill rigidity and # 7 stand exit gage deviation

In the results so far given, mill rigidities in the re-
spective stands are uniformly 3000 t/mm. Actually,
however, taking into consideration the strip gage devi-
ations and the between-stands tensions, a suitable distri-
bution of mill rigidity in all respective stands is
necessary. It was examined how the exit gage deviation

in # 7 and % 6 stand would be with such mill rigidities,
for cases No. 8 to 10 in Table 6. The mill rigidities,

in # 4 to # 6 hydraulic screw-down stands are consecutively

1200, 2400 and 6000 t/mm in all the cases. In % 7 stand

r
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Table €. Arrangement of mill rigidities
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the rigidity changes are 600 t/mm in motor screw-down
stand, 1200 and 3006 t/mm in hydraulic screw-down stand,
respectively. The results are shown in Fig. 10. With
increase of the mill rigidity in % 7 stand, the gage
deviation in % 7 stand decreases. However,

unless the rigidity is over about 2000 t/mm the gage
deviation in # 7 stand is larger than that in # 6 stand.
Tension variation between motor and hydraulic screw—down
stands and mill rigidity in the hydraulic screw-down stand
As described in Chap. 3.2, there appears the maximum
tension variation in junction of motor and hydraulic
screw—-down stands. It was examined if this maximum tension
variation could be reduced by changing the mill rigidity
in the hydraulic screw-down stand. The tension variation
between # 5 and # 6 stand was thus observed for cases

No. 11 to 14 in Table 6: mill rigidities in # 5 motor
screw—down stand are 3000 t/mm in all cases, and mill
rigidities in # 6 hydraulic screw-down are 1200, 1800,
3000 and 6000 +/mm respectively. The tension variation
between # © and ¥ 7 stand was then examined for cases

No. 15 to 18: mill rigidities in # 6 motor screw-down
stands are 3000 t/mm and mill rigiqity in # 7 hydraulic
stands 1s changed similarly.

The results are shown in Fig. 1ll1l. As indicated, the maxi-
mum tension variation can be minimized by way of the mill
rigidity in hydraulic screw-down stand somewhat smaller

than that in the preceding motor screw-down stand.
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Conclusion

From the above results described, studies made on proper

arrangement of hydraulic and motor screw-down stands and

suitable types of loopers are summarized as follows.

4.1 Screw-down stands arrangement

(1)

d

There is no difference in % 7 stand exit gage d&~
viation between downstream 2 hyvdraulic screw-down
stands and all hydraulic screw-down Stands. In this
case, with skid-mark time width 2 sec, the # 7 stand
exit gage deviation may be about 1/2 the deviation

in all motor screw-down stands.

Mill rigidity in the last stand has large influence
on thickness deviation of the product plate. So,

it must be fairly high. Or otherwise, the gage
deviation occasionally becomes larger than that in
the preceding stand.

There occurs large tension variation in junction
between motor and hydraulic screw—-down stand. This
large variation, however, can be minimized by way

of the hydraulic screw-down stand mill rigidity some-
what smaller than the upstream motor screw-down stand
mill Figidity.

A front hydraulic screw-down stand is useful against
an entry gage disturbance, but not so against a strip

temperature disturbance. Therefore, the means is
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not effective in a hot rolling mill, though effective
in a celd rolling mill.

4.2 Suitable looper

In motor and hydraulic screw-down stands combination with
conventional motor loopers, the tension variations are
occasionally several times larger than those in motor
screw-down stands. By using GD2 about 1/4 low 1inertia
motor loopers instead, the tension wvariations may be

reduced below those 1n all motor screw-down stands.
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