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AUNNARY

Sumitomo Metal Industiries Ltd has two hot and two cold strip mills,
Ko, ) hot strip mill, built in 1962, is the first mill in Japan to which a
computer contrel system designed and built in Japan was introducel. No.
2 hot strip mill, which started operation in 1969, is & fully autovated
and computerised mill with many epecial features, such as closely coupled
roughing stands, closely coupled downcoilers, etc.

No. 1 cold strip mill was constructed in 1963 st the Hakayama Steel
*orts and No. 2 mill began operations in 1971 at Kashima Steel Works. JNo.
2 mill is & hydreulic tandem cold mill, with techniocal features such s
interstand tensicn control, automatio gauge control, and computer centrol.

In this paper, the different forms of local automation and computer
control of these mills is explaired in detail.




1 Automation of Hot Strip Mill

The details of equipment of two hot strip mills in Sumitomo are

: shown in Table 1. The one in Waukuyama Steel Works which began its

operation in 1852 wus one of the most s dern hot strip mi ls in the world

at that time. Ever nince, various autu.ation aystems have been added in
accordance with the progress of technology. The authors are proud of the faot
that the mill is the first one in Japan on which a computier control. system
accomplished by native technology was successfully introduced, after

the several years of joint researcn with Hitachi, Ltd.. the manufacturer

of the electrical equipment of the two hot strip mills.l)

No. 2 hot strip mill was brought inio operation in April, 1960. In
the construction of this latest type hot strip mill, the compeny in-
corporated a. varjety of technical iunnovations ¢f a noteworthy character ia
recent years. The computer control system was naturally introduced
making effective use of experience in Wakayama and it has been controll-
ing the rolling of all slabs. including plain carbon steel, low-alloy steel
and stainless steel from the very first bar after roll change.2)

first.
1-1 Local Automation .
1-1-1 Purnace area automation

.. The slab located in correct position is pushed off the charging
tables onto the furnace apron where it can be picked up by the walking
beam and transported into the furnace. It is necessary to knov the
position of the slab pushed in and transported just before in order to
determine the pusher siroke of this time "L" (Fig. 1). From the previous
pusher stroke "11'" and distance transported by walking beam "12", L can
be calculated by the following equation, '

L=1(11+12) - (¥ + D)

vhere, ¥ is slab width and D is intervals of slabs, both of which are
given by decade -thumb wheel awitch or by computer. Information of 11 and
12 ie calculated by detecting the movement of pusher and walking beam.

When a slab reaches the furnace exit, it is detected by a photo-cell
sensor and pauses to move and wait for discharging. The extractor for-
vard stroke "L1" can be calculated by the following equation,

L1 ‘»'11. + W -0

where, 11 is the distance between the backward end ot extractor and the
leading end of the slab at the exit (Fig. 2). After completion of going.
forward, the extractor lifts the alab and vithdraws it. This backward
stroke "L2" is calculated by the following equation,

12-12 + %

vhere, 12 is the distance bLetween the leading edge of the slab and the
center of table roller.
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able ] Specificationr of Sumitomo's Twe Hot Strip Mills

() nshows extemsion ulready accomplished.
TTEM Wecayama Keshima
e e e e ot —
TYPE 80" gemi-continuous 70" full-continuous

Reheuting furnaces

2-120 t/n pusher type
(2-120 t/h pucher type)

2=300 t/u walking beum

1-v8B

1-VSB

(1-Width gige)
(G-8iar zuidce)

-

Mills 1=¢ high mill, Iwo paar 7=2 high mille
Rougher 1-4 high mill Z-b high mills
Gages (Width gage) Width gage
Thickness 3age
nuaber 64 high mills ?7-4 high mills
1~6 std - 4500 kw 1 6 std « 8100 kw
power Mercury 7 std - 6075 kv
Ward Leonard Thyrister
max speed | 747 m/min +325 w/min
Sciew &1  DC 55kw x2 CP (Thyrister) | DC 75kwx 2 Thyrister
down #2 | DC 55kw 22 GP (Thyrister) | DC 75kwx ? Thyrister
motor #3 | DC 55kw x2 CF (Thyrister) | DC 75kw x2 Thyrister
*4 DC 55kw x 2 Ward Leonard DG 75kw x2 Thyrister
&5 DC 55kw x 2 Ward Leonard PC 75w x2 Thyrister
Finisher *6 DC 55w x 2 CP (Thyrister) | DC 75kw x2 Thyrister
7 DC 75kw x2 Thyrister
Work roll | porter bur Turn table type
change {double C-book) "M~y
AGC *h, ng, (w2, a3, #6) 203 8, 850G 07
1 = Width gage 1 - Hidth gage
Gages 1 = Thickaesa rage < = Thickness gage
(1 - Thickness gage)
looper hydraulic pneumatic
Crop shear | manual control automatic control
Down 2=two wrapper roll typa <three wrapper roll
Coiler (1-two wrapper ro.l type) type
Automatic (6-Finisher screw position) | REFER 70 Table 2
Praition {0-Pinisher spesd)
Control (C=Xray gige)

Computer Control

(Finisher set-up)

fet-up & Contro). of all

the ccuipment










{-1-2  Rougher automatyon

Tre roucher -t !rwhima i fully autonated, while the reversing
reughing w11l of Wakayum' is opevated on memi-autowatic. Though the
mil) at Wakayama had been equipped with card program control system from
the first time, il was dabendaned hecause the handling of cards was very
trouhlesome and the avtomatic roversing time was Jong compared with
sanual operation. (ne conirol sy<tem was revised so that the screw
paitions, edser positions and table apeeds 1or three or five passes can
b previously givea by decaede thuab whee! seitches and the initiation of
the position contre! wns 1ottt for operator's work.

The R-5 nd kev souareg sall in Kashima pre closely coupled having
& loeoper between chem.  Uui the omration 15 usuclly carried out under
Antumcitic Current Hegulatisng systoem v thout using the looper.

1-1-3 Autweatic crop siear

The general arrangescnt o the rysiem is shown in Fig. 3. Twe
relectohle mudus o automatic control orc provided ; one operates on a
pre-set lengi) of cat ba .is ans t': ether on & width deviation basis.
Usually the length of cut mode is used.

i-1-4 Looper

Both kot ririp mille 1n cur coupsny have pucumatic constant tension
loopers. The one in Kushima 1s sp:wn anp Pig. 4. Refering to the Pig. 4,
the ratio 21 tension "1'' to the to.ce of air cylinder "P" is derived as
follows,

1/P . 0A/(0L - OD)

ETE) REIN (T{ % ‘;)‘3“."} 5 (-“E = i:’;!"ﬂ“ﬂ - C)GOQFs ' :\l‘)’ = (31“;‘@“ * c’c““'
ihe value of T/I' 16 equal to 1.5 reqardless of the looper angle 6.

There are a nuaber of different designs of liopers available and electrie
‘¥vpe i< often vied in Japar.,

1-1-5  Automatic gase cont ol

The gaugeneter type vutumatic gauge conirol (AGC) is applied to six
aorg seven of the finishing mill stands, F2 through F? (Pig. 8). It
uperates on the so calied "Lock-on" mole with following compensater
iveuits such as, (a) Meoitor by X-ray thickness gauge installed at the
delivery ot F? stand, (b) i} film compensator on eu.~h stand, (¢) Tail
end compensator, (d) Gauge vernier. Fig. 6 is the guge traces of this
systom showing that sirip gege veriation is controlled within the limit
vf + 30 pm.

Though the assumed mil! stiffneas "C" which is used in the contrel
circuit and is -~hown in the block diagram of Fig. 7 should be, as is well
Frnown, equal (o actual mill stittness "M", "C" is often set up a little
lurger than "M" [or the sake of stabilisation. (Theoretically speaking,
the system is within stability boundary {f only "C" is not smaller than
M@/(M + Q), where Q shows the rradient of plastic curve of atrip.) S8ince
the reaponse of screwdown should be as high as possible in order to make
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maximum use of Gagemcter AGC system, hydraulic serowdown system will he,
in the future, inatalled in hot ltrlg mills, There are somc examples of
hydraul ic hot sirap mills in Jupan.d

The AGC system of Kashima was provided in hardware equipment,
while the AGC of hot stripy milis recently constricted have been
provided in programmei mof tware (Fig. 7).

1-1-6 Down coiler area automation

The automstic initiation of coiler deceleration can be done as
tollows. As is shown in Fig. 1, the tolloving equution exiats,

;o ¢
L = th+ﬂ*?*vcfl‘-+c

where, L is equal to the distance between the last stand of finishing
mill and pinch roil, V is line upoed of strip, o is deceleration rate,
Ve is creep speed of down coiler and C i~ » constant. ¥hen the tail end
of strip just left the last stand, the integration in the above equation
commences and the deceleration is initiated when the value of the right
hand side of the equation just became equal to "L" (Fig. 9). The mathod of
automatic stopping the coil tail end at a fixed point is as follows.
Firstly, during the period of tail eud of strip traveling fros the posi-
tion "P" to "A" in Fig. U, the coil diameter can be calculated by
counting pulses developed from pulse gencrator (1) and (2). Secondarily,
the coiler revolutions which correspond to the distance between the
position “A" and "S" ure deternired, which parmits automatic stopping.
The banding of a hot coil is automated but the coil marking 18 atill
hand-operated in Kashima, though there arc a few reports in Japan that
the marking has successfully hecome autumated.

1-1-7 Position regulator

The preget control system is used to set up roll speed, roll opening,
side guide opening, and other various auxiliary drives in mills. The
preset system in Kashima consists of three groupa for roughing mills,
tinishing mills, and down coiler (Table 2). Table 2 lists the items which
is preset by this system. These proset items are, when classified by
control system, nriven into two systems. In one (Table 2-1), the set
value which is output of a digital switch or set-up cosputer is provided
with setting change-over timing (such as sctting the speed). In the other
(Table 2-2), the set value is received and pusitioning is controlled with
this set value (such as selting the roll opening). This aystem uses both
digital and analogue computing systems. Specifically, the digital systea
(Fig. 11) is adopted for positioning sachines which require highly precise
positioning, and the analogue system (Fig. 12) is used for other purposes.
Actually, the digital system is adopted in pesitioning the roll opening
of finishing mills. The preset control sysiem is being operated very
effectively and satisfactorily at Kashiwa. Especially, the position
control system maintains high speed and high accuracy controls. improving
smooth metting change-over operation, reducing required manpower, and
ameliorating rolling mill quality.

Recently, the use of computers in automation systess is being
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luble 2-1 Position regulators at Kishima
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actively miudied and the positlon coatrois are otten carried out using
minicomputer (Fig. 13). Position control 16 effected by the following
procedure. Computation is made for the equation bhelow in which So
denotes the commend value and Sd the feedback vatue.

4as So - Sd *

Then computution is mude for motor speed Vs aw follovs and speed instrue-
ti1on 18 given tu the moter coutrol waten,

Vs =+ [ m

wrere K is a constunt dependent on the motor rating. the gear ratio of
motor and mechanical drive, and the inertia noment of the mechanieal
system.})

-2 Compuier Coutrol
. , 1,58
1-2-1 Experience in Wakayama .

The couputer controt syater for the hot strip mill of the Waka) ~ma
Works, was completed in August, 1968. After debugging for four months
at the Hitachi Works, Hitachi. Ltd., the HITAC 7250 control computer
system (core 1638% woids, drum 9%904 words) vas delivered in March, 1968,
Only five months 1n the field wore required to operate the full system.
Our experience at that installation revealed that careful prepareations
to reduce the enginecring an. programaing effort were dbsolutely necessary
for shortening the field term. Thes: preparations included the unique
checking methiod for finishins will setup calculation and the support
Progras. fne of the most important items which must be considered in
the application of 4 tomputer control system is how Lo reduce the time
element as much as possihle. initaelly, the plan, scope, and specifi-
cations of the control sys.em are ¢ ‘arified. System demigns are drawn
un deltberately and ‘heir 1« gultp are recorded 1n documents and on flow
charts for the s''buequent job of ceding programs . Coding is to bhe started
voly after a complote check of afi documents and {low charts, and thias is
under taken separately for cach application program or task. On completion
*f coding, work ix started on debugging the tasks and testing the system.
Festing the computer control system involves muny procosses. First, the
unit operation tcst checks whether or iot each task is coded as recorded
“n the flow chart. Second, the genern’ operation test examines whole
rrograma which extihit their functions as soltware systems, and finally
the quelity of all control Mystoms 18 judged from actual operation. It
ia highly beneticial for both the vendor and the user of a computer con-
trol system to roducc the lengthy period nof testing anc adjusting the
programs, software syrtems, and vontrel mystems. To accomplish this
purpose and to obtain Appraciable results. mane intentional preparations
are required at the ecarly stape of the System design.

A computosr control 8yste . is usually conmtructed in the order of
Yatem design, production of hardvare and software, and system teating.
In the firet half of the system design, a decision should be made on
“rganisation of the control computer system and other hardware specifica-
tions which will realige the plan. In the latter half of the system design,
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are initiated with manua) psendoruterrupt signals transmitted from snap-
switches istead of external interrapt migaads . A Read -Time Simulation
Test (RTIST), suiscquent to the GOT, uses pseadointerrupts created by the
mill line simulator instead of mnu] interrupts for the special purpose
of testing the problem of timag.  The objoctive of the GOP is to test a
processing of one slab on the entire mil) line, simulating the external
inmterrapt signals with manual sirnals.® The ohjective of the RTST is to
swmulote severai slabs 1n a s1ivation simitar to av actua)l tolling oper-
ation. The above-mentionad tests are off-linc teatm Lecause the computer
is not linked to the wctual rvolling mell line. and their objecti.os are
to test programs and Liak.ges between computer and its peripheral input -
output devices such uv typewi iters. card reader, and card punch. After
Introducing the coutrci computer system ito the mitl, field ad justuent
of the hardware uvnd o reappear ing test of the software are conducted by
using the GOT and the RTST. After the reappearance of functions of the
system, a linkage test s bugun with varions types of sensors, vutput
devices, and position regalators instalied along the mill line. After
completing the linkage test alL ieast vnce, an On-Line Test (OLT) is begun.
i the initial period of the OLT, output linkage from the computer to the
mill line is open, and the test for slab tracking is undertaken. When
tracking 15 completed, computer control of the rolling line may be
recognized to he moure than Sifty percent complete. Support programs
which prove especially useful in i real-time test are the on-line monitor
and the mill line simularor, which arc described below.

Main functions of on-)ine computer control of a will are activated in
response to interrupt signals generaied through sensors by slabs moving on
the mill lLine. Since a series of programs actually moves in aceordance
with them, the interrupts must occur at correct times. The system must
conduct many operations for several slabs continuously. 1In such a system,
errors can result afier maay programs have been executed., [t ig uite
lmpossible to test such a systein manually. The system needs to be capabje
of inspecting 1ts own actions as far as pomsible and to log significant
data that can be analyzed later. For this purpose, a monitoring program
called On-Line Monitor (OLM) bus heen developed. The OLM i= a sort of
subroutine connected with the svstem program or the PMS. It sonitors
tasks at those times requesicd, start and end, und prints out the type of
actions. program number, wame. and time of the task. Practical uses of
the OLM are clarifying results of Interrupt timing, sensor failure,
improprietry of a task and among tasks. sequences of task movements, wait-
log state of a task, condivions of loading and storing tasks amd process-
ing time, and in considering various kinds of timings, leveling of tasks,
dnd core sharing. |In addition, the entire hintory of tamk proceasing and
operating tiwe ia rocognized and analyzed with the aid of the OLM, result-
ing in the modification of sequencing and processing of the critical parts
of the time cycle. Timing is one of the big problems involved in the on-
line real-time Hystem and, what is even worse, iL is carried over to the
field test. Even 1f all tasks Jnd the task iinkages were checked out
thoroughly in off-1line debugging, it would give no clue to problems caused
by timing. Once a timing problem vccurs, therve may possibly arise such a
fundamental probloem as priority level of interrupts, level and sequence of
Programs, and core sharing. The Mill Line Simulator (MLS) is a task which
induces a4 change of eveuts and starts corresponding tasks successively.
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The MLS oblective in Lo e ver sortware 1a an alwost perfect condation

by settling the problems couveed by timing in o stage carlier than delivery.
Me charicteristice ol Mih L in (1) uy carly grasn of probleoms cuused by
Liming aud their earl s Hointion, () repreatability of the samwe timing, and
(3) substantiog reluctione ir the fioid lebugging period. The MLS
simlates circum: inci= shore sovoec ]l slabs arce suce ‘stively ruaning on

4 mill line. The spacin. hetwoer two =slabe isn initially gaven as a time
tuterval.  Another kand of ime ttersel botweern twe interrupts of a slab
moving o a4 vall Tire ts stored ip L tametable as o predetermined time
difference.  Ln th. tahie. o propriag wimbier s alaov satored which corre-
aponds with each inteirunt t o ipterat,

The matiemaiical mnde ! o0 finishop s tup of Waiayamu is fundamentally
the same with hat of Rasbimo, wiich e describol next.

. , 2
1-2-2 Computer Control in Koshima. )

The computer used 1. the R1TAC-TZZ0, 1t hus & core memory of 32,768
words and a drum memory <f 129,609 word:z. The range of conitrols of this
computer extends from the entrance 8id: of the reheating furnaces ‘o the
coil weighing scale. Thce combusti a of thy relicating furnace is not yet
controlled Ly the computcr (Fip. 14). Whea o miob Atops on the table for
the slab waight scale, ‘he pusher operater has to check to see if the
slab number painted »u the slab coiucides with tie number displayed by the
computer. Then the compu‘er detemmines the furnece uumber into which the
alab should be charged and gives the pushirr stroke,

The extruactor cuntiol Jmnction is s'milar to ‘fe pusher control
funtetion. The extraclor siroke and the furnace {iom which the alab should
be dischurged arc detera:ced. The oxtraction 3ignel is given by mill
pacing funetron. which cunirvels the spacins on o time scale between the
ta1l end of one slab apd e Ioad of the negt at the entry io the finishing
mill, this interval being selected 1y ihe operator.

The roughin: mull .et-uy function detrimines the horizontal roll
opening and edging .oll opening, os well ax the tabje speeds between the
stands. In the N-.  stund  which 1 clusely coupled, a D.C. motor is
uscd, and the computer 13 used here i lso to set the mill speed. Of
ourse, it algo sets the width gorge and ihe thickness gauge at the delivery
&ide of the No. 6 st.ud.

The chiet purpsse o finishing rily asrtup funetien is to set the roll
gaps, the roll speeds, tue side guides, the width and thickness gauges.

In addition to these seltings, the computer i also used to select the
descaler aud (¢ perfarm sec itings such 25 the table speed at the eatry to
the finisher, the acceleration rate, ‘he doceleration rate, the maximum
speed, the looper oressure, and the inoper heaght.  As a rule, the calcu-
lations for these seitings are carried out ‘wice for each atrip. The first
calculation is mude when the strip retches the ryrometer on the delivery
side of the roughing mill using the temperature measured. When the strip
renches the finishing entrance, *he rol} gap alonre is ugain calculated in
order; to compensate tor the difference between actual and estimated travel-
ng time of the strip. ‘1nis i the second calcmlation. If the operator
must change the finishing thickness or the rolling spced when the strip
has reached the entrance cf the finishing mill. he can demand recalcula-
tions by keying ia ihv changed conditions on ihe computer console. In
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these setup calculations, th: standard load distribution patterns are
used, but the operator cean use the potentiometer on the operator console
to change the load distribution if the shape iz pvor. The setup calcu-
lation 1a performed according to the flow chart in Fig. 15.

The coiler setup function is for setting the coiler side guide, the
wrapper roll gap, and the pinch roll gup when there has jeen a wizé change.

There are two kinds of temperature control. The first controls the
finishing temperature. The computer sclects the finishing roll speed and
the spray Letween the stands. The speed and spray selection are excuted
every five seconds from the svrip head to the tail. The other type
controls the coiling temperature.

In the mathesntical model of finisher setup, the estimation of roll
force is of prire importance. 1In order to calculate roll force, theoreti-
cal method has heen adoptod. Roll force is predicted by the following
formula, making use of resistance to deformation of steel,

| 1-1&{.’b"“'(“ - h) ‘Qj)

vhere P is the roll force, Kfy is the mean yield stress, b is the strip
width, and R' ia the deformed roll radius. H and h are the entry and
exit thickness of each stand, respectively, Qp in the roll force function.
A study of resistance to deformation has been conducted for a long time
by various investigators and it im accepted that resistance to deforma-
tion of stecl at an clevated temperature is a function of the tomperature,
reduction and strain rate. An experiment has been carried out im our
laboratory to measure resistance to deformation of steels of various
carbon content with a drop hasmer teater and can-plastometer. An ex-
perimental formula was compiled by regression analysis. Fig. 16 shows
the comparison between the we:sured and calculated relling force.

Fig. 17 is the X-ray chart of order change from 1.5 to 4.5 wm in
finishing gage.

2 Automation of Cold Strip Mill

The equipments of two cold tandem mills in Sumitomo are compared with
regard to automatic operation (Table 3). Compared with the mill of
Vakayasa, that of Kashima has been fully automatod, introducing various 8)
Qutomitic systems recently developed, which aure described in detail below:

Recently, NKK in Japan has developed the fully continuous tandem
cold mill, which had been the dream of cold rolling.7)

2-1 Coil Handling

In Pig. 18 is shown the main equipment fros entry to delivery of the
cold tandes mill at Kashima.

3-1-1 Automation of entry equipment
Yhen a coil arrives at the nearest position on the conveyer to the

mill, tongs of tranafer crane are lowered to catch the coil. During this
displacement of toungs. outer diametor of this coil is measured as is shown
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Fig. 2D CENTERING OF COIL ON MILL CENTER LINE

Cradle roll of coil positioner begine to be
elevated by photo cell signal and eoil is
supportad on it, (position A)

Coil is transferred from A to B by coil positioner.

Tuil end of co0il is detected by anti-clockwise
rotution of coil. {position B)

Coil is rotated clockwise to feed the tail teo
magnet,

29 ENTRY EQUTFMENT FOR RECLEIVING AND OPENING OF
COIL



in Fig., 19. This value 18 used to determine the height of coil positioner.
Thon the coil is (ifted by transfer crane and centrally positioned on the
center tine of the mill by means of a pulse generator attached to tongs
(Fig. 20). The coil is transferred and lowercd on the cradle roll of the
cuil positioner., After the tie-band of the coil is cut and removed, the
coil is transferred to the apening position. Frow this action to holding
the strip head end by i magnet is explained in Fig. 21. After the pre-
ceding coil trailed out of mill, the strip head end ia dropped to the
nosmal pass line, then the coil rotation by cradle roll and the coil move-
ment for the pay oflf reel are begun at the same time, until the strip head
end enters intu No. 1 stand roll bite, and the coil is supported by the
pay off revel mandrel.

2-1-2 Automaiion of delivery equipment

The principle of the automatic stopping of the coil tail end at a
certain position is the same as that of the hot strip mill mentioned
previously in this paper (Fig. 9). Just before the tension reel stops,
the elevating coil car is pushed up and touches the coil in order to pre-
vent the tail from flapping. Then the tension reel mandrel is collapsed
and the coil is transferred onto the delivery coil conveyer by the coil
car. The delivery conveyer, together with the coil, is then carried for-
wvard, and the coil weight is measured automatically by the coil weighing
scale which is located under th-~ delivery conveyer line. After that, the
coil is banded by the full automatic banding machine.

2-2 Hydraulic Mill

The position controlled hydraulic mill is highly appreciated and the
six cold tandem mills, which have been constructed within the recent
several years in Japan, are all of hydraulic type. The one of Kashima,
which was manufactured by Mitsubishi Heavy Ind., Lid., is shown in Fig. 22.
For measuring the cylinder movement, load cells are mounted in the tension
bar mystem which connects the cylinder to the housing top beam. The
cylinder is 900 mm in diamcter, and a stroke of 55 mm is allowed. Load of
1,330 tons per cylinder can he applied. 1Initial roll gaps are set by
tension bar, while roll gap correction during rolling is done giving the
signal directly to servo amplifier. Roll gap correction range is +3mm.
(The range of extension of bar is from 2.75 mm to 8.75 mm). Fig. 23 shows
response to a mtep change in screwdown position of this mill under the
condition of Kissing work rolls. The time to reach the first crossover is
about 80 mesec. for 50 pm change in cylinder position. These hydraulic
screwdown responses are compared with the conventional mill with electric
motor screwdown system in Fig. 24.8) In Fig. 24, the hydraulic screwdown
mille are classitied into two types according to its feedback system, that
is, the one is hydraulic screwdown with electrical feedbuck such as Loewy
Robertson typeY! IHI type, which is menufactured by Ishikawajima-Harima
Heavy Ind. Co., Ltd., and MHI type, which is adopted at Kashima as is men-
tioned sbove. The other is hydraulic acrewdown with mechanical feedback
such as HYROP,'yhich is manufactured by Hitachi. Ltd . 10)
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AP Auntomgstor of Tendem MiZ1
2-3-1 Autuvwatic threading

One of the function of automatic threading is the automatic operation
of guidca aud -proys during the strip head passes through the mill, and
whila the atrip tail gors out of the mill. The other is the automatic
steering of tie strip head, for which the steering sensors are located at
the exii of No. ! and No. 2 staud. When the sensors recognize the devi-
ation of strip hesd from mill center line, levelling signal of screwdown
is actuated in order to insert the strip head into the entry guide of the
next stand.

2-3-2 lIaterstand tensjon control

On the conventional tandem cold mill such as the mill at Wakayama,
the interstand tension control meana the tension limit control, namely
maintaining the interstand tensions within a desired limit. However for
the advanced mill at Kashima, che above mentioned control system is set
azide, and a new interstand tension control aystem, which maintains the
interstund tensions at target values, is adopted. That is, this tandem _
mill is unique in that it is tension-regulatod rather than speed -regulated.
By this new system, troubles much as strip breakages or pinches caused
by abnormal tension have been decreased, and it also has relieved oper-
ators of a part of their strained work.

Two methods are possible in order to maintain the interstand tensions
at target vilues. One method is feeding the tensiometer signal back to
the screw position controller and the other is to the roll speed comnt-
roller. Since it is fcared thst controlling both gage and tension by screw
position movement is very complicated vapecially during strip threading,
the tension control has heen made independent of gage control, that is,
interstand tcosions ars maintained at target values by controlling stand
speeds. The control of interstand tension between No. 1 and No. 2 stand
is designed to begin ¢s soon as the strip head end enters into No. 3 stand
roll bite. The interstand tension control between No. 4 stand and No. 8
stand begins soun after the tension between No. 5 stand tension reel is
established. Actual step response of the constant interstand tension
control has been measured, and the time to reach the input temnsion refer-
ence value has been found to be about 0.5 sec. Pig. 25 shows the typical
traces for the interstind tension control. In this figure it is evident
that the each interstand tension is constant throughout the relling.

As it is supposed that the behaviour of the tandem mill under the
constant tension control greatly differs from the behaviour of the cen- .
ventional mill without constant tension control, it is necessary to make
clear the fundamental differences between the two. The transfer coef-
ficients, denoting the relutionship between an input signal and its
reaponse of the tandem mill without constant temsion control, have already
been diacussed in detail.1!) on this paper, by means of éalculating the
transfer coefficients under the conatant tension control, the influeaces
on the delivery guge change by screwdown movements are discussed. The
following equation shows the influence on the delivery gage change caused
by input screwdown signal (A S8)j

(%ﬁ)i = ‘é% Aj4-(AS);
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whoere Ad] i a Lranslor coelficient ‘or the ciase ol wili medultus of each
stand being 170 tons/ma and without thn constmt tensron control.  In the
othesr hand Kl,i i o transfer coefiicront tor the case of eguivaleat mill
modulus of No. 1 and No. 2 stand being 7,000 ton=/mm and undes the
constunt tepsion control. Fig. 26 shows caledlated resuits of ALj and
ilJ- The collsng condition ased in this caiculat:oin 1= hot strip gage
2.6 me, final product goge 0.¢ iam, strin wiath 930 sm.  ‘The resuit of
coleutlation is as follows. Un the conventional mill without constant
tension contio! . gocrow govemens of oty No.o 1 stand causes the following
stonds delivery game change, and screw movements of other stands bring
about interstand tension change. scarcely «flecting delivery gages (See
Aij). Under the constant tension coutiol on the ether hand No. 2 - No. §
stund screw movemenm causes the following stonds delivery gage change
including linishing gage change (See Ail2-1iB).

2-3-3 Automatic gape control hy X-ray goge feed hack

No. 1 stand screwdown control (coarse control) and No. 1. 5 stand
roll apeed control (vernier control) are in gencrasl fur the conventional
tandem cold witl AGC by X-ray gage feed back (Fig. 27)F. This is natural
because of the foct that screw pus=ition corrections except No. 1 stand
scarcely atfect the finmishing gage . disecussed in this paper. llowever, on
this tandem wili under the canstant tension control, No. 2-No. 4 stand
screw position corrections aifect greatly the succeeding interstand gage.
30 it is possible to maintain the desired interstand gage from strip head
end to trailing end by interstand acrew eorvection. ‘The advanced and
new AGC system of tois tudem mill consiste ol the three feed back loops
as iv shown in Fig. 28, Fig. 29 is tiae page traces of this AGC system
showing that strip gage variation is contrcllied within the limit of « 8 p-
(¢ 0.6%) from gtrip head to trailing end. -

2-3-1 Automatic screwdows control av strip head end

Usuaily, otf.gage leagth at strip head ond 15 30 - 40 11 or more,
because of absence of interstund tcasions and screw position setting errors.
The advanced gage cuntiol svstem is developed to roduce the ahove mentioned
oifgage at stiip head ond.  The strip position at No. + stand roll bite
when the strip top enters into No. 5 svand roll bite, is tracked by the
computer, and when this pecition reaches the Yoray page located at No. 4
stand exit side, Vo. 1 stund screv position is corrected according
to No. | stand A-ray gage deviation. The strip position where No. 4 stand
sECrew position correction was carriel out. ix alse tracked by the computer
and when this position reaches the X-ray gage locatzd at No. & stand exit,
No. 0 atand screw position is corrvected according to No. © stand X-ray gage
deviation. This automatic serewdown control nt strip thicading siage is
one of the functions of the process coutrel computer introduced to this
mill. Fig. 50 shows ihe proctical traces for this gage cuntrol. For this
example, off_goge length ! strip head end 15 less than 10 m. 1f is ex-
traordinary short cospared weth the mill withort this ~ontrol system.

For this control. X-1ay jime hus to be always located al normal position,

theagh it s usnally buicked tntil the threading of the strip has been
Pinished. -
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<-9-0 0Qil film compensation at acceleration and deceleration

The ci]l f10m thickness of backup roll bearings changes according to
roll mpeed change during mill acceleration and deceleration. Correction
of screw position as the function of rd il spced is necess.ry for main-
taining the sirip gage withan the (oiviance. Since the oi. film thick-
ness change 1s also affected by the rolling force, the screwdown signal
for oil film compensation is fad everv 0.1 second from the computer as a
function of roll speed and rolling rorce during mill acceleration and de-
celeration. The function has heen decided by actual measurement of oil
film thickness. By this oil fila compensation, strip off gage during
acceleration and deceleration has been completely prevented.

2-3-6 Automatic deceleration

The automatic deceleration of the tandem cold mill at Kashima is
illustrated in Fig. 31. Number of turns of hot coil is initially set.
And analog calculations of st ip length still exiating in pay off reel
and necessary strip jength for deceleratjon are continuously carried out
during rolling. When the difference of the two reaches a certain value,
the deceleration command is issued.

2-3-7 Shape control

Shape cuntrol is extremely important for cold rolling. In recent
years various types uf shape sensors have been developed, such as BISRA
type, J & L typc, ASEA type, IMI type and Hitachi type.12),13)  Though
shape control systems making use of these shape sensors have been in-
vestigated, it is . ::;) noy yet sutficient for practical cold rolling.la’

2-4 Computer Set-up

At Kashima, items of the mil} set-up calculation are screwdown posi-
tions, tension and roll specd references and gage settings. Due to this
initial set-up and automatic acrewdown control at strip h:ad end, which
was mentioned previously in this jape:. off-guge length #t strip head end
has been consicerably reduced. Fig. 32 shows the flow chart of the
set-up calculatiru, whick is described in detail below.

2-4-1 Determinatici of draft schedule

The drift schedule of tandem cold miil is usually determined by ex-
perience to ensure :he rolling under proper force and load condition con-
sidering sirip shape and other factors. But the authors have made a
theoretical appruach and developed a method, by which the draft schedule
can be calculated completely theoretically. By this unique mathematical
mode), interstand gages and interstand tensions are theoretically deter-
mined if patterns of volling force and drive motor power of 5 stand are
given. Since 1t is uhnecessary to caleulate the draft schedule on-line
this caicolation is done off-line and the result is atored in the on-
line computer. Fig. 33 shows two cases of draft schedules for the same
hot sivip gage and tinishing zage :one is computed on the condition that
the rolling forces ot I standx are the same, and the other is for the
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condition that rolling forces of No, 1 - No. 3 stand are in the ratio of
1.2 0 1 ;1 3 . Iy the drive motor JOWers of No. { No. F stand being
restricted i the ravj, of 0.5 01 1, L. i, The draft schedules fop
the combination of typlcal hot Mtrip gape and final product gage, which
have beoen computed Ly the off-1ine computer as mentioned above, are stored
in the on-line computer. [f , RCL-Up 15 requived fop a hot strip gage

or for a final product gage which s not one of those selected, then Lhig
draft schedule |- decompl ished by simple 1inear interpolation according to
% overall reduction.

2-4-2 Mathematical model of the rolling force calculation

Fiow stress has beon mcasured txperimentally by tensile teat, whieh
was carried out at room temperature on WAy strips rolled to various re.
ductions. Thig neasured flow stross ig modified by strain rate¢ and
temperature at actuaj rolling stute, and éxperimental formuia for flow
Streas is shown ag follows.

ke = }(F o m)N.Ks.K¢

where ky is flow Stress, 1, m, and n are constants, Ky is a modification
factor of strain rate and K¢ is a modification factor of temperature, r is.
overall reduction. It is Baid conventionally that the coefficient of
friction betwcen the work roll and the strip varies according to the roll-
ing apeed. After various tests were carpied out on the practical mill,

it has been made clear that the coefficient of friction scarcely depends
on the rolling speed, and it is almost constant for each stand. The ex-
perimental formula for the coefficient of friction hus been compiled
dccording to the above mentioned facts, Then the rolling force can be
theoretically calculated. Bland & Ford eguation is selocted as the
calculating method of the rolling force.1t) However, it ig not suitable
for the on-line computer, it has been simplified as below, ba on Bland
& Pord equation taking account of elastic recovery of atrip.15

P- bou,-%‘-g:-‘l.rm{m-fy;% J-Eiz--k..m }
.4

2
£3(a,r) = AgeAgr” . A2 [F-a + Ayerea?

where b is strip vidth, t, and t; is back and front tension stress res-
pectively, R' is the deformed work roll radius, b gg draft, B is Young's
wodulus, A, - A3 are constants, » {g reduction, u is the coefficient of
friction, p js Poisson's ratio, h is stand delivery gage.
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