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INTRODUCTION :

The field of digital computers application is very large, but this
is exactly_the reason why we want to learn to answer where, when and under
what conditions they would be introduced so that each recommendation is based
cn sufficiently striét quantitative indices. A priority of theory progress
cver industrial application of computers is a necessity. But the introduc-
tion should in no way be hindered. The only solution is to maximally develop
the wholé range of theoretical research. A reasonable proportion of "tac-

tical®™ and "strategical" research should be ensured.

Recently more interest has been displayed in strategi; investiga-

tions, But the pressure of time makes us somewhat impatient. That is why
it is believed that it is important tc separate and speed up research of tac-

tical problems which are possible and must be solved with metheds already
available to engineers. These are, with constraints already stated, the
problems of separate units contrel, of primary data retrieval and processing
which is to characterise on-line the operation of procduction stages, shops
and factories. Especially urgent seems the precblenm of reiiability. I mention
these problems to emphasize their importance as well as the fact that it is
on their solution that the technolegical basis necessary for optimal, adap-
tive and self organizing system depends. As far as syrnthesis of optimal
zontrol structures goes it should be noted that the high cost of digital
somputer systems lays the emphasis on development of regular methods for
such a synthesis.

On the other hand, use of computers shculd proceed very fast so as
tn allow for practical experience and to feed research pecple with exten-

sivs material and creates discipline for various studies,

One of the most important fields of computer usage is control,
This invelves various divisions branching from on=line & off=line tech-

nlqicse Inis article presents some computer control techniques used in
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the Iron and Stesal Landustrys Prosess Control and Automatic Control tech-

nlques are explainea Lo n mors dotalled approache

Thore 18 no doubh thab thae tpend toward more and higher forms of auto-
matic gontrol is irnarcnsiag iw the Aron and steel industry. The reasons
for this trend are mony, Prosess and product speclifications are continu-

ally belog tightencd boegeuss of customer demsnds and the need for more
oconomles In production. Along with these demands for tighter controls
has come the mesrch for new knowledge of the basic chemical and metallur—
gleal ampects of the ilron and sheel making processes. These facts not only
direct the industry toward wore Antensive control meansj; they, in themsel-
vas, make more conbrs) meauws possible, In addition, ilron and steel making
technology is tending %oward a higher speed, more closely coupled opera-
tions. Continuous cesting is an example of such operations. Here, ins-
tead of making ingote of the steel from the steelmaking furnace, the steel
is poured directly Ainte an openended mold, and the slab itself is cast,
The ingot, inget atripping and rough rolling operations are eliminated.
Needless to say, closa wegulatlon is required of this process to make it
a feasible high tonvags operatior.

Computers az contiu) means, or as overall directing means, are being
installed in very res» .y all the finlshing departments, of steel industry,
under construction lun U.S.h. at the present time. Computers are becoming
fairly common in the instsalliation of new basic oxygen steelmaking proce-
sses. This does not necessar’ly mean that higher levels of .control are
being achieved, but it doas polnt out the efforts being made to obtain
them. Perhaps u at'lmilis %5 tha deqgreasing cost of computer equipment.
These present systems ara mainly directed at actual process controlj phy-
gsical contrel over ths partleular product being formed or manufactured in
the processe.

he most difficult dlsciplines of contrel is that it needs the know-—
Jedge of many other ilsciplines as well. To design a control system; the

control systems enginser, Lhe process engineer, the electronics engineer
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and the mechanical engineer must work together to establish control
technology, process technolegy, electronics and electrical and mecha=
nical equipment requirements. Only when all these experlences get
together and accomplish required functions in a practical sense can

control systems be made workable and usuable.

With the advent of the modern industrial computer, equipment became
available which make the extension of automatic process control feasi-
ble. Regognition of this is evidenced by the fact that many process
control computers have already been applied in the steel industry, and
others are being planned. These applications include installations
in sintering plants, blast furnaces, basic oxygen steelmaking plants,
rolling mills, continuous annealing lines and electrolytic tinning

linese.

(&) CamScanner
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EROCRSS _QF STRRL_PROPIGTION ¢
Steeling in prinaipie, wppeare e Invelve anly & volabively (ow,

gimple slepas  The prlusipal feon oves Needy donsint of ven ox hde wised
with varying peveentapes «* aseiess 2arbhly waterialae T vowove dhe

oxygen and useloas materiala, the fren ove fa mixed with coke and L imae
glone and charged into a Blast furnasas  Hob aly bBloww into the Blaak
furnace burna the acke to geverate heats The hat carbon of the seke and
the carbon=bearing pases penerated by fis Purning conbine with the oxypen
of the iren oxide, leavivrg the iren in metallie fowmme The ivoen aollenta
in a molten state in tha heartih al Bhe bottom of the blast furnaves  The
limestone combines with the uselegs part of the ore to fowm malien slag

that fleats on top of the pocl of molten ivon,

In the ironmaking peosese, the ifrem beaomar mraturatad with sowa
of the carbon from the a kes The prodact of the Plasd furnace, pla loon,
may contain somewhad civ=x 4% yarhons To wmake steel {vowm pig Tean, wome
of the cardon must be rameved, Mozt etealm aoniain coneiderably losw
than 1% carben)s The mwantad sarlen s pemeved during steelmaling, wow
principally accemplishad v the ¢pev=hearih farnage and the basieo oxypen
is blown directly inte tre wellen leow badh to barn oud fhe exdesa cardon,
The final product, sztesl, !'s poured inte molds to form Ingets, whiah are
then formed into uwas™ | abapea by polliing or other forming procesnds.

A modern, inteprated atew) plavd ls made up of a group of mamsive,
complex, interrelated, 'sdividiual prosensess The ehemioal, meitallurgioal,
and thermal aspeats £ the s=lealmaking processes meem 10 Do fairly obvious
and simples In praefloe, thiz s »od gulte aso. Neazurementa apre dAif{ioanlt
to make and proaess thecry is coaplexy aonsequently, preaise knowlodge of
the state of the pir uess s v ) slways avajlables Muoh of the present=day

process contrel actualiy ecnsists «f contrel of the provcessing machinery.

Raw materials, »ary times, are pul through complex Penefiofiation
or preparation precesses Fefove ihey are useful for iron or steelmaking,
Many low=grade ores ace woy beling mived whioh mast be concentvated and
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then further prepared before they are availabie for blast-furnace burden.
The preparation of coal as the metallurgical coke required for the blast
furnace has, in present-day steelmaking,become a veritable chemical com-
plex. By product coal=-chemical processes have led to large processing
plants for anhydrous ammonia, phénols, and other chemicais.

The biast furnace itself is a large and expensive industrial com-—
plex. Modern furnaces are well over a hundered feet in height, and the
regenerators, or stoves, used to heat the blast air are equally large.
Three stoves are used for each blast furnace. Raw materials are charged
into the top of the blast furnace in batches, and iiquid iron is perio-
dically discharged from the hearth. The production of iron ores inside
the furnace takes place continuously, however, and it is a major task to

start and stop the furnaces. Modern-day blast furnaces produce well over
2500 tons of iron a day.

Steelmaking, in the open-hearth or in the basic oxygen steelmaking
furnace, is a batch process. These processes turn out hundreds Jf tons
of steel per heat, or batch. ‘In the open~hearth furnace, a heat of steel
may be made in six to eight hours. In the basic oxygen steelmaking

furnace, a heat of steel would be made in under one hour.

After steelmaking, the molten steel is poured into ingots, many
tons in weight. These ingots are permitted to solidify; the mold is then
removed and the ingot is placed in a soaking pite The soaking pit brings

the ingot to a uniform specified temperature in preparation for the rough-
rolling or semifinishing operations.
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efforts made.

There presently appears to be a gemeral trend toward the use of
8 arocess control. The most commom form of these

ed direct digital control., Here general-purpose itypes

&
digital coatroel computers are being used to replace indiviual analog
u

se on process equipment, Considersble

has gpparently been oblained in various industries with this

Success is Judged on the basis of performmance and overall
Although the iron and steel industry has had very little

xperience to date with direct digital control, we expect to see more

In the begining, these efforts will be experimental to

establish reliability factors, economics and in some gases, Qquality of

control.

(&) CamScanner


https://v3.camscanner.com/user/download

JUSTIFICATION OF COMPUTER CONTROL IN STRIP MILLS 3

The requirements of & hot strip mill are that it shall roll as big a
¢oil in terms éf pounds per inch of width as is possible, with as close a
tolersnce in thickness from end to end of the coil as can be achieved while
maintaining good shape, freedem from scale, and completely consistent width.
Finishing temperature and coiling temperature are also invariably specified
in the standard practice laid down for any hot strip mill product.

Today customers for hot rolled products expect uniform coil or sheet
dimensions that are better than BSSM49., The inability of a hot strip mill
te perform in accordance with those rsquirements certainly results in pro-
portionsally greater loss for width and gauge variations which are impossible
0 avoid on a mamusally controlled mill. Furthermore, there is a coméarable
loss in guantity since manual attention to quality requires a sacrifice in
production rate. The total valus c¢f the anticipated improvements in produc-—
tion efficiency and product quality can be easily converted into currency
expressions once anticipated performance values were compared to non-automated
operation standsrds, this has provad to be very satisfactory in m&st of the
cases.

However, there is ome particular aspect of the on-line computer that
cannot be equalled by manual operaticn, and that is the achievement of more
accurate changes from gauge ﬁg gauge without rolling out of gauge coils in
ths meantime,

The sull computerisation of the hot mill is expected to achieve more
consistent operation in pushing the slab furnaces, a more consistent width
due to better control over the speed between the stands and the looper ope-
ration, and an improved yield of on-gauge material due to elimination of off-

gauge pieces when changing from one thickness to another.

On the other hand, the cost of automation project is considerable, in
addition to the eguipment itself, it includes:
- Lost production during installation
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The nature of process influences decision for computer contrel. AN
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Installation labour and engineering
Cabling and materials

New system spares

Scrap value of replaced existing equipment

Training, operating and maintenance costs for new systems

process is suitable ecconomically for computer contrel if any of the

criteria

is presente. Several examples, from the hot strip nill pro

justifying this eriteria will be mentioned.

1)

PROCESS COMPLEXITY:

If the process is complex, having many variables reguiring

cesses,

s

. frequent, rapid and accurate adjustment for most economic opera-

tion, they computer contrel is justified.

For example: on the hot strip mill:

a) The incoming metallurgy, temperature, width and thickness

can all be varying as the bar gees through the
b) There are internal disturbances, or noise, sue

- Improper adjustments

-~ Thermal variations in the mill and electric

systems

c) There are system element interactions or couplin
pre

= A change In strip tension changes rolling
and strip thickness, while at the same time
profile and flatness can alse be affected

d) There are changing biases, such as:

- Mechanical wear

- Thermal level changes

- Elecirical drifts

- Crew operation capabilities

h as

~

mill.

”

sub-

w2 b
T Dav Q

W
I
.

gl

sSsure

width-

Definitely, the effectiveness of the computer system is well

preved in this process.
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2) UNSTABLE PROCESSES:

3)

&)

If the process is icherently unstable, subject to rapid
drifts requiring continued manual attention, then gomputer control
works as a perfest substitution to manual efforts.

For examples again in case of hot strip mill, unstability
arises due o3

a) As slabs are heated inductivelys

~ The coll inductance changes non-linearly

- Capacitors must be switched to compensate for the
change

- The power supply is tuned tc the load

- The power factor is corrected

b) Bach slab heater consists of a number of coils which

are wholy or partly wsed according to the size of the

slab peing heated:

- For large slabs, all ceils are used

- For small slabs, part of the coils is used, depending
on the slak size.

After the slab has been heated, desired temperature has to

be regulated by switching the heater off and on intermi-

ttently (this is achisvad using THRYSISTOR POWER SWITCHES)

QUALITY EFFECTS UPON SUBSEQUENT PROCESSES

If quality of the pruduch produced has a decisive effect
upon following prozess efficiarzy, then a computer would rather
be used te guarantea best operstion. The computer control can
(in case of the kot strip mill)s

a) Reduice end-t--end Lardress variations

b) Reduce strip=bedy-to-strip~body thickness variations

(further facilitating cold mill operation)

EFFECTS ON END PRODUCT QUALITY:

If the process, in itself, determines the end product quality,
then the variables would rather be controlled using a computer
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Agair, in case of the hot strip mill, the computer conirol offers:

a)
b)

c)

Width control (to minimize shearing scrap losses)
Gage control for the plate mill

Crown control

5) THROUGHPUT VALUE

If the product throughput value is high enough to justify

the added cost of the computer system, then computer control should

be introduced.

Finally, we have %o notice that once the computer control is

justified, Jjust as the application of ou-line computer techniques requires the

most detalled study of the jobs which are to be performed, and the correction

of the plant before the on~line computer can function reasonably. Again refe-

ring to hot strip mills, the application of production-control from hot coil

to finished product by the use of electronic data processing requires the most

careful study

Slab stocking, scarfing and scheduling methods

The stocking of hot coils

Space between different units

The ability 1> locate any slab, coil or sheet unfailingly
at any moment. Also, metheds of controlling intermediate
stocks centrally have to be introduced.s It is quite clear
that if elctronic data processing of production is to be
adopted on a large scale, the flat product industry must
siuplify its method of identification, stocking and hand-
ling %o the point that it is unthinkable that any coil or

pa2ck of sheets could be displaced or mixed,

(&) CamScanner


https://v3.camscanner.com/user/download

REQUIREMENTS OF AN AUTOMATED SYOUEM g

To achieve the maximum depres of subomatlon within progent=da)y technicnl

knowledge, several basic featuros wrs 4o bo aplnbl Lohods

A)

B)

ACCURATE RECORD<KEEPING SYSTEM ¢

The exact datn, as tLaoken Lrom fontory=Lioor focbe, has
to be precisoly recordad and compored with planned flpurcs.
Extensive use of data logging throughput, and the analysis of
the data so received, should quickly bring to 1ipht errors 1n
different sensing devices (such as welghlng machines, tempern-
ture recorders and volume recorders), for until these are putb
right it will be extremely difficuvit tn dmprove the starndard
of pracﬁice.

Data logging is usually looked upon as a preliminory to
the installation of an cn=line compubers; Llu many Cancs,nowever,
the installation.of a data lopgpger may be all that 1s necesgary
to prove that the practice can be so pgreatly improved by atten-
tion to the sensing devises and preoviding satlsfactory manage-
ment control figuresz, that any oreline computer Lostallation
will be unnecessary and waste moncye.

INTERNATTONAL STANDARDS 3

Every singls part of the plant und‘evnry single operation
should be greatly committed in writleg to a standard practice
book which is adkered to by all managers concerned, departure
from which would ba understood to ba a serious offense., This
is becanse, only if the standard practles 1s adhered to, 1t is
possibla Lo ecompile sufficient records to declide by planned

experiment in what degree 1t can be varied with advantage.

(&) CamScanner
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STRUCTURE OF THE PROCESS CONTROL SYSTEM:

The first stage of conmbrol to be iniroduced at agglomeration plants
will combine the function of a Forman's advisor and scentralized monitoring
and logging; the second stége incbprpopates in the introduction of a digital
computer system to help maintaining the accuracy c¢f different processes and

keeping a certain level of product quality.

Today, practically all digital computers appiied to steel works proce-
sses are structured into the total drive and control system. Several early
computer installations were attempted on the basis of experimentation and
regression analysis. Howevef; experience proved that controlled experimen-
tation on a large key production fazility was a mere fond hopeg the steel
plant processes were too complex, with non-linear inter-relationships. The
chance of discovering these relationships and the necessary gystems struc-
ture was concluded to be practically nile. The only sure thing turned out
to be expense.

Systems design involves creabivity, inncvation and analysis. Analysis
of complex systems is best‘handled through a multi-level approach. This
approach involves:

1) Decomposition of the compiex system into a set of subwsystems,

each of which can be easily handled in terms of satisfying a
logal or subsystem 6bjectivé. In zusk cases partial problems
which comprise the general problem of plant control are solved
via installing separate zons control computers integrated into
a system with a central soatr-lling c:mputer.l Local inter-
acting sub-processes, which make up the whole process, are each
controlled by a special computeres Pre-processing of primary
data is dome synchronously. Local econtrol computers and pre-
processing de}ices are linked with the central computer which
controls the process by basic criteria. Though this structure
may seem questionable in a number ¢f cases of single units
gontrol, at the level of shops and factories it receives first

CamScanner
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priority. Along with the chief control problem the system will
be engaged in recording of raw, prefabricated and auxiliary
material stock as well as main characteristic of the plant ope-
ration for a specified period.

2) Coordination of the solutions of sub=system problems via computer
simulation, so that the objectives associated with the overall
system are satisfied.

The approach is iterative in that one works from the total system to

the many sub-systems and back and forth, until a model is developed that sa-

tisfies the real world of required performance, time and value.

Thus a centralized control is an integrated system of local process
control and primary information reception and processing devices linked to
the central computer which finds the most profitable operating conditions for
the plan as a whole while maintaining the quality requirements for the final
producte.

The choice of a qomputer and the structure of the system are mainly
dependent on the control algorithms to be put into operation. Development
of general control algorithms is a most complex and essential problem in the
field of digital computefs use for processes control. The notion of a gene-
ral control algorithm is wider than that of an algorithm of a mathematical
problem in process optimization because it includes, besides the latter
algorithm, the following:

a) Algorithms of information read-in

b) Algorithms of information pre-processing

¢) Algorithms of control

d) Algorithms of read-out action

As to the CONTROL ALGORITHM design: there is an important difference
between control of separate installations and that of integrated plants
Control of separate installations:

- Much knowledge has been accumulated on toples such as

. Mathematical process description

. Control technique
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Control eof integrated plantss

Beside the separate features, the difficulty arises on constructing a new
control algorithm for matching all parts together.

Digital computers help to develop and use those methods more profoundly,
but call for special date read-in and wead—out algorithms, The complexity and
lLabor consumption for this work should not be underestimatede

Finally, a comprehensive systenm desngﬂ program will produce data and
krnowliedge permitting development of sound and realisticz planning feor the system
installation and start-upe Task times and costs become definable and finite
and can be scheduled with eritical path network techniques,

As an example of the control of separate installations, in open hearth
furnaces the first stage of automation is to provide for centralized monito-
ring, data retrieval and pre-processing on the process, and later the computer
will assume the functions of the integrated controle '

In steel production the computers sre used for dispatch control blast
furnaces as well as for control of proczss itself. Interas stirg experiments
have been conducted on remoie control of Ressemer converbters, A system for
integrated control of a converter shop san ke developed.

In metal relling besider sutting conirei, a comprehensive control of
rolling shop includes as subsystems, alle=puirprse somputers which previde a
!ispatch control of metal feeding %4:@ stwal melting ghops, departments in
soaking pits of blesming-mill gontrsol »5liing on blooming mills and control
on=line the ingo% stores These lccal systems ame srordinated by a central

'nirol system which maintains optimal precducticrn variables of the process
a2 a whole as well as comprehensive reccrd of the process characteristics.
Couputer systems of rolling conditions centrol (screw-down, rate of feeding
and relling) of heabing sections, of the wolling shops, are perfecily

inlien Lo various installations.

(&) CamScanner
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SOFTWARE NECESSARY FOR COMPUTER CONTROL OF IRON & STEEL INDUSTRY:

A special article in this series, which will follow, ls devoted spe-
cially for the analysis of software necessary for process control situations.
Here we will briefly refer to the situation in the iron & steel industry.

The system engineer must creoate a system design or plan to suit the
project or problem requiremonts. He 1s also involved in determining the
capabilities of proposed sub-systems and may work with other engineers to
create new sub-systems required for the total system design.

Beside doing the necessary on-line control job, the computer should
be prepared to do some off-line control jobs. During process free-time,
special time-shared executive system takes over and allows for using the
computer for off-line tasks under the control of the off=line monitor.

Extensive representation of various control algorithms, analysis
routines & control of functions is worthwhile a separate series of articles,
and hence it is beyond the scope of this article. Instead, I will mention
names of algorithms and routines in the appropriate situation. The soft-—

ware necessary for the Hot=Strip Mill will also be presented in a slight
more detail.

(&) CamScanner
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CONTROL OF BLAST FURNACES:

Flat product plants employ blast furnaces. An automated blast furnace
plant would use pellets and sinter,the sinter being produced from flue dust,
broken pellets,and fine ore available in unpelletised form. Unquestionably,
he whole burden,including fuel and flux,would be prepared in such a way as

A .. :
Within the rest of the plant,most of the progress in automation would be in
the form of on-line computer for governing the cperation of the furnace. The
stoves,blower,blast temperature and moisture addition,the input of fuel oil
and oxygenywould all be controlled by one on-line computer connected to iron
analysis to give the constant silicon and sulphur desired.

-
1

The effect of full utilisaticn of =11 mo

P
jon

ern techniques on a blast
furnace plant would not materidlly reduce the work around one furnace,but
gince the output of the onme furnace would be sc great,the man-hours per ton
will very much decreasejyas will the capital employede The high cost of some
blast furnazes is because of “helr posr Locatbicn remote from harbours or
from ore preparation plants. Very high coke consumptions are due,very cften,
tc poor burden preparation,high ash and low blast heatse In the blast
furnace plant we are considering,the coke consumption should be of a very

low order indeed,reducing the capital ccst of the coke ovens to perhaps

n2lf ¢f iroawocrks of the past.

e that the charge for the blast furnaces was of the utmost consistency.

(&) CamScanner
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CONTROL OF THE SEMIFINISHING OPERATIONS:

In the semifinishing operations an ingot is rolled into blooms (large,

essentially square segtions),or billets (small,essentially square sections)

~
>

3

slabs (flat sections). Each of these primary sections is intended for a
special type of finishing operation. Blooms are sent to rail or structural
mills for the rolling of steel rails and steel structural shapes. Billets

are intended for bar,rod,wire,pipe, and tube mills. Slabs are sent to plate

mnills or hot=strip mills. Coils from hot-=strip mills move to cold-reduction
mills and then perhaps to tinplate mills (refer to FIG I ).

All these rolled and finished products have both metallurgical and size
specifications. During rolling operations,hot and cold working must be re-—
gulated to obtain desired metallurgical properties.s The intermediate states
c¢f annealing and tempering must a%so be regulated for metallurgical purposes.
In additiongythere are size specifications on both semifinished and finished
rroducts. Tolerances on the finished products in the finishing mills can be
quite strict. |

Fcr exampley,commercial standards for steel sheet thickness permit a

|+

10% thickness variation. Ho%ever,the steel industry strives to maintain
an even closer tolerance of 3_5%. This tolerance amounts to + 0,0005 inch
Tor poirt %o point control of rapidly moviag 0.010 inch thick stripe.

During all these rolling operations massive problems in material hand-
lirg are encountereds Tons of steel must be manipulated'on roll tables,
ofven at extremely high temperatures. On sheet and strip mills,operating
~f1en at severai thousand feet per minute,precise control must be maintained
cver both temperatures and finished dimensions. It is apparent that_the

cortrsl wequired in the modern iron and steel industry is both broad and

irtense, All imaginable types of control problems are encoiantered at one
rho=e o gnother of the operation. Chemical analysis must be known of raw
materialsjliquid iron and steel,and solid steel products. Temperatures of
1iguld and s51id metals in various states must be measured. Dimensions of
semlfinished and finished products must be measured, Enviroments in the
stez2l Industry are hard,and measurement and control equipment must be ex-

tremely durable if it is to function properly.

CamScanner
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In the pastyconsidershle progra:

a wide variety of elementary ascnty

as temperature,position,ard spa: e L

subsystems has been left vuolrzasil; d

control by means of equipment wag

ment must be capable of handling acy o

which are used in properxly conty

cprerating conditiens.

Control of the Slabm:

akin

The flat preoduct wurld has e’
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FEEDBACK CONTROL IN THE REVERSING MILLS :

Perhaps a more dramatic example of changes occurring in control techno-
logy are those associated with the regulation of hot reversing mills. 1In
this process,a hot ingot or slab is rolled back and forth in a single-stand
mill to convert the original slab to a wider and much thinner shape or plate,
As many as 25 passes,or reversals,might be required for this operation. In
the early control forms,all control decisions and executicns were performed
by the operators On each pass the operator would present the roll gap to
reduce the thickness of the steel shape. He had to do this in such a way
that the plate being rolled would not become too cool but would end up at
the proper final width and thickness. In additionyhe controlled cooling
sprays,the tables the plate moved on,manipulatérs;side guards,and turna-
roundse
| Although the operations were manual,this was,in effect,a type of feed=-
back systems The operator observed what was happening during rolling,and
wnen the rolling was finished,measurements of width and thickness would be
mzde and signalled back to the operator. If the plate was undersize it
might have to be discardeds If it was oversize and still of suitable tem-
perature,the operator could reduce it further. In this rolling operation,
it is clear that the operator has twc different functions which,of course
are closely couplede. One function is decision makings: the operator must
decide,on the basis of available information,just what must be done. The
otner function is the control execution,in which he performs various physi-
~21 and mechanical operations to implement his decision making. The control
step taken in the recent past was to split these two functions.

Controls,called card-program systems,were installed on reversing mills.
Here the decisions were still made by the operator,but the execution was
- rfermed aubtomatically in accordance with the decisions previously prepared
and put on punched cards. These control functions,of course were the mani-
pulation of the mechanical aspects of the rolling operation: the movement

of the plate on the roll tables,the movement of the rolls up and down, the

(&) CamScanner
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speed o2 ths rolls,and similar functions., This type of control-in which

5

decisions ars made by an operator and the execution is automatlc- is ade=-
quate when variability due to the process is small and changes are at a
relatively slow rate.

It was frequently difficult to realize the full advantage of the card
rogram tyra ¢f system because many cards would be required to include all
the varicis typss and sizes of steel that were to be made on the plate mill.

Ceonseguently, 2 mere advanced type of control system was proposed that inc-

ludss nod only all the sequerncing,or logic,functions provided by the pre

Tious card program mills but also the decision making functions for deter-

mining the best rolling schedules consistent with existing workpiece,condi-
ticzs and mill capabilitiese 1In this conirol system,the only infcrmation
provided is that of general instructions and limitations for all rolling-

that isg,tke dimesnsiczs of the 1ab,uhe grade of steel,and the desired di=-
J&

nz fesdback in this system does no® include the operator. Instead,

a new rulling schedila 1is calculated automatically for the remaining

passes any tiﬁe 2 gisgrapangy exists between measured performance and

I.f vai

redicted performanse in a particular passe Compuier systems of this
3

ve beer irstalled and are partially operable in the industrv,
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CONTROL OF THE FINISHING OPERAYIONS :
ROLLING DEPARTMENT
A) HOL STRIP ROLLING
The requirements of a hot strip mill are that it shzll roll

as big a coil in terms of pounds per inch of width as is possible,

with as close a tolerance in thickness from end tc end of the coil
as can be achieved yhile maintaining gced shape,freedom from scale,
and completely consistent width. Firishing temperature and coiling
temperature are also invariably specified in the standard practice
laid down for any hot strip mill product. Recently The Steel Com=-
pany of Wales undertook a feasibility study with a view to using

an on-line computer to achieve the maximum consistency cf its pro-
duct off the hot strip mill. The sum ultimately sanctioned was
£2.4 million. Of this sum only £0.85 million was sctually devoted
to the on-line computer-~ the remainder was devcted to improving such
things as the edging mills,loopers,screwdowns and drive control.
Thus,without any on-line compuier In operaticn after this equipment
has been added to the mill,i% will be possible to produce,by means
of manual operation,a more consistent product than was possible
before, _

This pattern of studying the prccess and removing obstacles
to consistency of operaticn repeats itself wherever the use ¢f on-
line computers is being considered and seems to be a large-scale
by~product of the on-~line computerj;in fact, it may be producing
results equal in value to the cperaticn of the computer itself.
Once again,the sensing devices have %o be reliable,the records must
be accurate. To illustrate the point,if the computer is fed with
figures regarding dimensions or thickness,they must be correct;
there is no room for error. However,there is one particular aspect
of the on=line computer that cannct be equalied by manual operation,
and that I1s the achievement of more accurate changes from gauge to
paupge without rolling—out-~of-gaupge coils in the meantime,

Since one of the great desires of purchasers of strip and
cperators of cold mills is to have the largest possible coil with-

out a weld,the coupling together of the speed of the ceiler with

CamsScanner
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the speed of the mill while controlling the gauge will be of great
benefit.s It is impossible to run a hot mil) with the strip out of
the coilers at much more than 2,000 ft. per minute,but once the
piece has entered the ooilers,provided there 1s fuIly automatic
gauge controlythe whole mill and coiler can be spezded up to,say,
54500 fte per minute.

The difficulties which have emerged in all plants attempting
to employ an on-line computer in a hot strip mill have been caused
by the unreliability of sensing devices,particularly those for
temperature,and the difficulty of data logging all the variables
which finally affect the issue without first making modifications
to the plant,. '

The full computer control system for the Hot Strip Mill of
the previously mentioned company will be discussed in detail in a

separate chapter,

COLD SHEET ROLLING

As in the cases of the blast furnaces and steel plants,the
size 1limit in mills appears almost to have been reached. Already
coilers are in existence that can run the strip mill at over 3,000 ft.
/min. by the method described,with coils weighing up to 1,200 lb,per
inch of widthe Tinplate mills have been designed to run faster than
the metallurgy of the metal has ultimately permitted. Marginal
jncrease in outputs of these units can be conceived but nothing
material. It is just possible that the fully continuous cold mill,
in which the back end of one coil is welded to the front end of the
next,may be attempted; this would indeed effect a considerable
increase in mill output,but such an idea has been in people's minds
for many years and the problems are almost insurmountable, not the
least of which being that the scheduling of strip widths must allow

for roll wear and continual change in width. A fully automatic
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6-stand mill is running in some factories in which threading
and other normal operations are automatice. The guide cons-
truction of all cold mills is such that the mill must be stop=-
ped in oyxder to change the guide widthe However,one step in
the direction of increasing the percentage of time spent in
rolling of both hot and cold rolling mills is the invention

oL the automatic roll changing gear. Several hot and cold
mills are now being built with this gear,which will materially
reduce the time spent in roll changing and thus the output of
the mill over a long period of +time.

Neither is there any immediate gutput gain visible in the
vinning field,excepticn in so far as gauges are steadily getting
thinner,tinplate cocatings are getting thinner,and thus an ever
greater area of tinplate is available from a given quantity of

steel and tine
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CYBERNATION REVOLUTION IN YHE STEEL INDUSYRY

The true gains from the "ecybernation revolution™ do lie more in the
mill field than anywhere else. It is unusual for any strip mill or tin-
plate plant to produce more than b5 per cent of the product of the hot
strip mill against the order for which it is originally intended. The
application of on=line computer control for hot and cold mill operation,
together with electronic data processing of production control and sche=-
duling,will lead towards a definite improvement in this percentage. At
the same time the customer will be receiving material rolled to closer
tolerance of gaugeywidth and shape than before. In addition to better
production control and scheduling,one new feature which will result from
tter availability of information due to the use of E«DsPs is better
information of the actual cost of varying widths,size,steel grades and
routing techniquese This will enable the sales department to make better
decisions regﬂ'dihg wvhich order mix to accept for maximum profit. The

rrogress in this direction is due probably to the causes already

slow pI
mentioned-inaccurate weighing,difficulty of locating items of stock,and,
if located,obtaining themjslowness in transmitting information from the

various locations of plant or stock to the central data processing orga=
nisationjand above all,indiscipline and inaccuracy in the filling-in of
records. Nevertheless,the prize is so great that undoubtedly all mills
will be pursuing this problem and improving their stocking methods,their
recording methodsyand,probably ultimately,tneir methods of transmission
of aata to tne computer. Wuether this is to be by punch tape carried
through tubes or direct=line transmission,or punch cards carried by hand,

remains to be seene
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THE HOT-STRIP MILL

The hot-strip mill is, perhaps, one of the most highly controlled
processes in the steel industry. First in a hot strip mill are the
reheat furnaces for heating slabs to a specified uniform teuperature.
These slabs are then delivered to a multistand roughing mill where
preliminary reduction and width control is obtained. After the rough-
ing stands, the steel is fed continuously to a multistand, continuous
finishing mill. Here the steel is reduced to finished dimensions,
cooled to a specified temperature on z runout table, and coiled.

The finishing speed in these mills is several thousand feet per
minute. During the processing metallurgical requirements demand that.
temperatures be controlled, and product specifications requires
certain finished dimensions. These mills have elaborate electrical
controls for driving and positioning the rolls., In addition much
equipment is employed in the form of gage, force-and temperature-
measuring instrumentations. In the finishing stands, the steel

strip is in all the stands at the same time so that reduction of
strip thickeness is accomplished .not only through the psoition 6f the
rolls in squeezing the steel but alsc through tension beiween the
stznds; therefore, roll position as well as interstand fensions must
be carefully regulated, Present—=day mills use fairly standard forms
of continuous measuring equipment fthrough feedback system ito regulate
the thickenss of the steel strip. The sirip enters and moves through
the mill =zt such z high rate of speed, however, that the mill stands

must be properly set before the strip enters.

The requirements of a modern hot-strip mill are presently being
integrated through computer systems. These requirements include strip
tracking, roughing—and finishing-mill setup, temperature control, mill
s4cing Iurnsce assignment, and data logging. The couputers do not

unction as closed loop regulators, but they zre used to

(8]
€8
f
Q
L
o

ulzate certain functions, send out references to the regulators
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previously mentioned, monitor individual operations, and coordinante

the rolling operation and the precision required in the finishedpro-

duct make this an excellent application of computer systems,

The effective control of any process, whether manusl or automatic,
requires quantitative information on demand relative to the state of
the process. Therefore, a prime requisite for control is instrumenta-
tion that will adequately translate selected process variables from
their physical or chemical units to some usable form. These instru-
ments can usually be considered in two parts: first the conversion of
a primary variable to an electrical signal, and second the conversion
of the electrical signal to a form that will provide a meaningful
output. In many cases, these functions present no particular difficul=-
ties, but there are still some measurement needs that have not, as yet,

been adequately covered in either or both of these respectse
PRESENT CONSTRUCTION OF A HOT STRIP MILL:

Let us consider an existing hot stip mill, with definite configu-
rations, and then discuss how far can we apply computer control tech-

niques to this installation.

Suppose that we have a Universal Slabbing Mill which rolls shabs
from 27 "™ to ?4 " wide and from 5 "to 8 % " thick. After automatic
scarfing, the slabs are sheared to length, weighed, indentified, and most
of them sent to a slab yard. After cooling they are passed back into
a middle yard where they are inspected ( and hand dressed if necessary),
then stored till they are scheduled on the hot mill.

A proportion of the slabs ( for tinplate and general purpose bars )
are directly sent to the 80" Hot Strip Mill, while some of the others
being directly loaded into the reheating furnaces. Rimaing, balanced,
stabilized, silicon and special purpose steel strip is produced, the
bulk of the product later being cold rolled for motor car trade, prod-

ucer goods industry and tinplate.
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The Features of the hot strip mill are shown in FIGI Following

table, beside being a key In different abbreviations, gives distances

between consecutive stands:

STAND DISTANCE FROM
PRECEDING STAND
SYMBOL NAME FT.IN
VSB 42" VERTICAL EDGER
RSB ROUGHING SCALEBREAKER 16!, 9n
R1 NO.1 ROUGHER (FORMERLY BROADSIDE ) 30', O"
R2E NO.l EDGER 431, 10
R2 NO.2 ROUGHER 51%, 4n
R3E NO.2 EDGER 521, 5m
R3 NO.3 ROUGHER 60!, O"
B4E NO.3 EDGER 88t, 11n
RA4 NO.4 ROUGHER 96!, o
F5 NO.5 FINISHER 186', oM
F6 NO.6 FINISHER 19', ov
F7 NO,7 FINISHER 19t, o
F8 NO.8 FINISHER 19!, O"
F9 NO.9 FINISHER 19', O"
F10 NO.10 FINISHER 19!, on
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(1) Installation of a new free-standing edger between the slab

furnaces and the roughing

scale breaker, edger speed should

be controlled to match the speed of the horizontal scale

breaker so that slabs would be in both mills simultanuously.

(2) Installation of pressductor load-sensing units on all the mill

stands .

(3) Modification of the coiler weigh scale to furnish automatic

weighing with digital indication and to provide computer input

information.
STRUCTURE OF THE OVERALL SYSTEM:

Upcn analyzing the proposed

Computer & Automatic Gauge Control

System, it is better to divide it into a number of independent

(but interdependent) subsystems,

— Computer Control Systen

They include:

- Digital position regulators for roughing mill and ftotal mill

auxiliary drives

- Finishing mill speed regulators

-~ Finishing mill looper position regulators

-~ Finishing mill screwdown

= Finighing mill automatic

FIG... 2 shows each of these

different subsystels.
COMPUTER CONTROL SYSTEM:

The computer control system
operation from the charging side

ceiler weigh scales,

position regulators

gauge control.

and illustrates the relation between

should be designed to direct the mill
of the slab Furnaces through the

The physical elements of the computer system and their relation=-

nlpe with the mill and with each other are shown in FIG 3

(&) CamScanner
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The proposed computer is an GE 412, CPU of :

- 8000 words of core memory

- 56000 words of bulk drum memory

- 3 levels of priority interrupts (total 12 positions)
- 3 elapsed time counters

- Digital clock

- Programmer's console

The computer does noi directly regulate any function. It only
acts as a systems director to compute and transmit references to ope-
rators and mill regulator elements by performing a number of inter-

dependent Functiong,
Those. ‘functions gres

- Primary Data Input

= Slab Tracking Function

- Mill Pacing

- Mill Setup Functicn

- Tenperature Control Funciion
= Width Control Funciion

- production Logging Function
- Engineering Log Funciion

-~ Roll History Log Functlon

FI1G 4 shows the interrlationship between those Function,
Detailed explanation of each of those functions is beyond the
scope of this presentation, As an example, let us consider two .

functions:

(A) PRIMARY DATA INPUT:
The following information must be fed into the Computer

before the slab enters the rolling  process, such as:

~ Identity
- Slab thickness, length & width
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(B)

- Steel grade

- Strip width & thickness

- Specified temperature ranges
- Cast number

- Ingot number, weight,... etce

This data, together with rolling instructions are provided
using punched cards. The acceptance of instructions by the com=-
puter is simple and straightforward, The methods for instruction,

preparation and presentation are critical and complex

WIDTH CONTROL FUNCTION ( FIG 5 ) .

Control of strip width will be achived in the roughing mill
by adjusting the roll openings of the vertical edgers. Feedback
from the width gauges after the last roughing stand and fhe last
finishing stand will correct width calculation errors. Position
references for all the side guides and the speed settings of the
edger rolls will be determined as part of the width control

Function.
MILL SPEED REGULATORS: (FIG 6 )

Forthis installation we need: .
- Voltage reference & regulator circult: to drive rectifier firing
control.

for the stand motor fields

- Thyrister power supplies

- Closed loop regulators

LX)

for the stand speeds

LOOPER POSITION REGULATORS: (FIG 7)
Regulators are supplied to regulate looper position and ‘to
waintain constant strip tension between stands and to avoid

necking the strip down due to excessive tension.

MILL SCREW POSITION REGULATORS & ‘AUTOMATIC GAUGE CONTROL
The system is shown in (FIG 8). The figure shows the simplified
circuit for only one stand, all to be fitted with identical

circuits., Desired unloaded roll opening for each stand will be
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Roughing & Auxiliary Pesition Regulators

Following features are to be set using the computer:

-

Roughing mill roll openings

Edging mill width settings

Opannings of the various sideguards (throughout the mill)

This is established using a TIME- SHARED DIGITAL POSITION REGULATCR
SYSTEM. FIG 9 illustrates used circuits. Total drives handled by

this

regulator are:

5 Roughing mill screws

&  Edgsr roll adgustments
3 Ceiler pinch roll gaps
14 Sideguards
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SOFTWARE FOR THE CONTROL OF THE ROLLING MILL:

The success of a computer controlled rolling mill installation
is completely dependent upon the team of engineers and analysts
spending many man years into creating, defining, flow charting and
coding the design and also every possible course of action that
might logically be encountered in operating the rolling mill. These
engineers and analysts must be intimately familiar with the details
of the operation, they must also be familiar with the physical and
metallurgical properties as well, such as:

(1) Mathematics of the plastic flow of metal in the roll bite

(2) Roll bending characteristics

(3) Roll flattening characteristics

(4) Posibility of mill stretch

The following table illustrates the type of study needed for plate

mills. There is also an estimation for the time required for such
studyg

Estimated
ACTIVITY Vige

. MAN-WEEKS
Plate Temperature Study 11
Roll Force Prediction 30
Shape Control 31
Pre-installation Testing 20
Scheduling Generation & Feedback Analysis 60
Coordination & Factory Tests 16
On Site Activity 2k

Every routine must be logically organized, assigned a priocrity
level and put together into the computer memory.

# The model does not include primary data input, Tracking, logging &
sequencing programs.
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TOWARDS AN INTEGRATED CONTROL SYSTEM:

It is interesting to note that although the computer control
equipment is generally equivalent in all cases, the use of the equivalent
ranges from data collecting %o highly sophisticated automatic control.
Thus, it appears that the industry is presently in a transitional stage of
process control in which the control equipment is changing in form, and
objectives are leading to a greater extension in the integration of control
systemse

An example of this transition can best be seen by looking at
some of the facilities. First, consider the blast furnace. The blast

furnace might be thought of as twe separaile component facilities - the

regenerators, which preik2at blast air, and the furnace, which reduces the
ores to irom. Siandsrd contrallers of commercial manufacturers are used
extensively to regulate the quantity and temperature cof the blast air
obtained from the regensrators. These regeneralocrs contrels are closed-
loop feedback controls of the mest simple furetionzl types. The furnace
itself, however, has essentially nv feedback control. The operator cal-
culates  burden, or charge, ¢f raw materials. He has theoritical or
empirical formulas available from which %o make the calculations. Burden
calculation might bz thought of as a feed-forward type of control. There
is feedback contrsl through the operator by means of chemical analysis
of samples of iren taken as the furnace is cast. In the ordinary sense,
however, the operatcr uses the instrumentation on the blast furnace as a
" guide to the state of the furnacs and then he manually controls the fur-
nace operation. Extensive coatrol rcoms are feound in most blast furnaces,
but the majority of the instrumentation tells the operator the state of
the various blast furnase zuxillaries.

Recently, cumputers have been installed on blast furnaces for
data logging and alarm monitcring, In a few cases, computers have been
used to calculate the burden requirements for the operator, and in even

fewer cases, to perform a limited amount of feedback control.

(&) CamScanner
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As in the blast=furnace process, the function of the basic oxygen
steelmakin is to produce a product of specified chemical composi-

tion., However, in addition to composition, the process must also produce

(fl
g~
g
[#]
Q
@
/)]
i)

steel at a specified temperature., Again, the operator has a great dsal of
difficulty determining the state of his process while steel is being pro-

No method is presently available for continuously making measure-

duced.
ments in the furnace ore, for that. matter, determining the composition of
the steel in the furnace. Both measurements must be made by stopping the

urnace, or at least stopping the blowing of oxygen into the furnace, to

H,

take a single measurements sample. Again, knowledge of the process provides
means for calculating the charge of liquid iron, flux materials, and oxygen
reguired to produce the given temperature and composition. The changing,
however, still lacks the desired precisiom largely because of inaccuracies
in the measurement of the composition of input materizls an
ne guantities of materials charged. There are at present no general
feedback systems on the basic oxygen steelmaking process itself,
Thers are, however, scme experimental systems in operation. B&Even tho
there is room for improvement, the digital process computer has already made
a sijgnificant contribution to proceés regulation.

For example, computer control systems for basic oxygen steelmaking
include the prediction of charge and blowing requirements for desired end-
point steel composition, the automatic interpretation of data from an ofi-
line anzlyzer of steel samples, and the automatic handling of order infor-
mation and informatiorn for various bookkeeping metallurgical and data log-
ging functions. In these systems, order information( for the heat specifi-
cations), chemical analysis ef iron from the off-line analyzer, and iron
temperature are inputis to the computer which permit calculation of charge

and blowing requirements. These requirements are automatically displayed

on pulpit consoles for acticn by the operator. Interpretation of analyzer
results is automatic in the computer through a direct wire connection,
Process information is handled automatically through wired inputs.,

Systems of this type constitute on=-line, open loop computer

control.

(&) CamScanner
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OFF«LINE CONTROL OF IRON & STEEL FACTORY:

The inereasing complexity snd Intepgrotion of processes, their
intengification, increasing requirements for specd snd quality of control,
advent of new control problems aall for now spproschesn to formaulnte and
solve control problems for complez, integrated plants. Ideas, methods,
techniques and control means used for such purposes constitute a gqualita-
tively new class of system called "larpge systems", Computer process control
at the shops or factorles level provideg the physical Implementation of the
control systems of the type. As distinct from the established approach to
problems of automatic control theory, in the theory of larpge systems control
the criteria of efficiency cannot, and must not, be considered ss given.

To set up efficiency criteria for the system discussed or for its parts is
a most important and difficult problem which if unsolved would reduce deve-
lopment of control algorithus to point-less exercises.

Digital computer as a multi-purpose device for information hand-
ling makes possible to explore different versions of control algorithmsz as
well as the effect of different criteria while simulating the control sys-
tem mathematical model on an all-purpose digital computer, In this case

the enviromment, the plant controlled and the control system must be zimu-

lated,
The model of environment should contain data on perturbations as

well as data necessary to establish efficiency criteria,
Thege can be given as statistic or deterministic laws which deg-
cribe the perturbations as well as the effect of systems operating charac-

teristics on the final objective for which its functioning has been organi-

z6c.
The model of the controlled plant can be represented by system of

equationg, a graph characterizing the priorities and interrelations of

operations or tables containing information on properties and characteris-

.iecs of the process, etc.
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Finally, the model of the control system is implemented as pro-
gram of the integrated control algorithm and identification of the memory
zones of the computer, on which simulation is done, for computers which

are intended for use in the actual system.

Mathematical simulation considerably reduces the time and costs

for development and installation of digital computer process control.
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MANPOWER PLANNING FOR THE IRON & STEEL INDUSTRY @

Avtomation in the Ircen & Steel Industry will certainly revolutionizs
the 1ield of manpower utilization in the varicus sections of the industry.
It is necessary to study every szingle operation separately in order to eva-
luate automatlon and see whether it is justified or not. Once it is justi-
fied, an extensive study te see the effect of automation on man-hours per
ton follows.

The design of any form of computer merely to substitute the labour of
a man is simply not worthwhile. For example, it is not worthwhile to design
a fully computeriszed ore unlosader, The gain over a good driver will be
small and the cort of the computer and itz installatiocn will cost more than
any slight gain in output and certainly will save no labour to speak of.
Perhaps it might be pessible to design a fully computerised teeming crane
for an L.Ds shop. It would be highly complex, cost & great deal of money
and undoubtedly its installatlion and maintenance cost would far cutweigh
any labour saving.

But in the field <f alerical wirk there must surely be an outstanding
savinge Much c¢f the work, for irstance, carried ocut in the traffic invoi-
cing department of any lerge Iron and steelworks sould, with collaboration

from road and wail authoritics, ke computerised with much saving in clerical

laboure Undoubtedly the productionc corptrol offlce and scheduling departments
of future miliz will also save minb actual ~slerical labour, but where, in

the past, perhapa, a boy will have chosen %o train as a clerk to work in
ore of thegs departmentsg in the futur: he may prefer to train as an opera-
ber in one of Yha highly mechanised o computerised sections of the works.
The belancing of the labows available wilT probably be antomatic,

since there will be ceaseless pressure tc design equipment to be simple
tc operate and simple Lo maintain, as, fcr example, the car of today

hich will scon universally have antomatic gear-change and no grease points.
But the aollahoration Yetween the training authorities, the education auto-

vit,iveg, %he gezign deparvtments of plant makers and the planners for new
Sk 9 z P !
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iron and steelworks will need to be a great deal more complete than it has
been in the past. There shculd be a definite attempt to employ the highly
qualified man in the job where his abilities will best be used. It seems
quite clear that the percentage of Q.S.Es in the iron and steel plants of
the future will rise, but this will be, at least in part, due to the avai-

lability of education rather than the intelligence level.,

In some Japanese works there has been a theory developed that the cen-
tral department of ressarch, decision-making production and sales planning
would be the centre at which most Q«S.Es in a company would be employed,
with men of perhaps mocre practical outlook but lower degrees of qualifica-
tion carrying out the ordefs from the centre. While the use of a larger
research department, the extension of the principle of standard practice,
may in fact bring this about to a certain extent in Great Britain, it seems
unlikely that it can ever be 2 sound method of work, as iron and steel
works will always be faced with unexpected problems in the plant as they
are a high=temperature indusiry working cn materials of such inherently
high strength. Howsver, the rate of change may be such that the older men
may find their existing jobs disappear when they are too old to fe—train
for a new job of equivalent responsibility. This makes it imperative that
labour dislocation caunsed by automation is foreseen the moment any progran-
me of automation is decided upon, whether this be replacement of many open
hearths by a few L.Dsy, or the substitution of an on-line computer for slab-
bing mill drivers. The usuzal solutions are retraining for the younger
man and early retirement for the older man. But the skilled man who has
reached the top of his profession and yet is still in early middle age
presents a formidable problem as cash alone will not compensate for his
loss of satisfaction in doing a highly skilled jobe There is also the
problem of the managers and engineers of the future. Will the gradual
adoption of standard practice, centralised decision-making, and production
planning make them fesl but cogs in a machine and also feel loss of dignity
in the job? %This is = definite danger, and one difficult to overconme.

It seems most likely that the overall organisation of a large iron-

and steelworks in the future will consist of fewer line jobs and more
staff ones,

@ CamScanner
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PROBLEMS OF AUTQMATING STEEL PLANTS 3
A) MANPOWER PROBLEMS
i) UNEMPLOYMENT PROBLEMS g

The changeover from the small open-hearth furnaces, the sheet
bar mills, and the hand mills of the sheet and tinplate industry in
the 1920s to the modern hot and cold wide strip mills resulted in an
immense reduction in the man-hours per ton of finished product, but
the unemployment problem which was feared. nevér appeared.

It is quite clear that.the man=hours per ton of the most modern
flat product plant one can conceive, using present-day knowledge,
would be far lower than the average man-hours per ton of the exis-—
ting industry. The full utilisation of the capabilities of modern
blast furnaces, L.D. plants, hot and celd rolling mills, without
the intervention of on-line computers or elctronic data processing,
alone will have a.major effect; but customers' demands will almost
certainly ensure that theose who cannet produce as consistent a pro-
duct as their competitors will fall by the wayside, and in this
direction particularly the application of on-line computers, as
well as careful preparation of raw materials, will be essential,

The use of large units, such as the 300-ton L.D. vessels dis-
placing so many open hearths, may well reduce the requirements of
managers and engineers more than the requirements of crane drivers
and piﬁside men3 if, however, the problem is foreseen of manpower
requirements of the future, then training programmes - not only
to teach the staff who operate the jobs what they have to do, but
also the designers of equipment, to render it free from breakdown
and easy to replace-~ should make the further automation of the

iron and steel industry a matter of pride and pleasure to all
concerned,
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.i) NEED OF INTELLIGENT STAFF MEMBERS 3

Designers of plant must realise that the plant must enploy
a cross-section of the intelligence level of tho community,ratner
than picking out the plums and leaving the rest to rots That tnls
is possible,I am convinced, for two main reasons: in the pust,
sometimes, brains have been wasted on jobs for wnicn they wers
not required, and also jobs have been 80 designed that brazins were
required to operate them or maintain them when czreful planning or
design could have avoided the necessity for othzr than reasonable
compliance with instrucfions. For example, already conpulers are
being designed so that the failure of any part can be remzdied by
the pulling out of a module, and the pushing back in of z fresh
one. Clearly a computer controlled slabbing mill @ust not oe
ged with the thought in mind that a slabbing mill driver is going
to sit there ready to take over when the automatic device fails.
Rather must it be devised so that the failure of any operation
of the automatic devices can be simply put right by z trained

(but unqualified) man.
ii) NEED OF AN OVERALL REVIEW OF NEEDED CAPABILITIES:

When considering the effect of automation on lzbour employed
in the industry, the following points have to be borne in mind,
Although the man-hours per ton may decrease, the probability is
that the number of tons will increase due to a cheaper and better
product increasing demand. With increasing prosperity more peo-
ple will be able to buy the end product, a more sophisticated
product, which will alsc require more work to be done on each
ton at the finishing ends When the demand for labour for indusi-
ries to use the increased output of this product is added to this,
it can be seen why the automation revolution will not necessarily

produce the unemployment which the reduction in man-hours per ton

(&) CamScanner
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might implye
As has been stated before, the main moves in the automation fielg

now to be expected ares

=

The better preparation of the raw material ahead of each process.,

[V,

- N

For any given output, larger and fewer units operating faster,

A

The use of on-line computers for process control and electronic

data processing computers for production planning and decision=

making and production control.

Roughly, the three grades of employment that are to be considered
ares

1) Qualified scientists and engineers, accountants and others of
relatively high degree of education,

2) Those of fair education, having perhaps several '0' levels or
one 'A' level - foremen, technicians and clerical workers with
some degree of qualification.

3) Workers and clerical workers with no qualification other than
training,.

The effect of the three degrees of automation on these
three grades of employee will vary according to the various sections
of the industry. For example, a large fully automated blast furnace
will obviously require fewer man-hours per ton, but the percentage of
the various grades of employee may not vary much. Only the most

detalled examination of each case will reveal the true effects.

(&) CamScanner
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B) MEASUREMEN TS PROBLEMS s

Consider the coantinuous measurement of the temperature of molten
metal in an open-hearth or basic oxygen or basic oxygen steelmaking
furnace. This would be a fairly straightforward measurement with the
use of thermo-couples except that, to date, no suitable material is
known that will withstand chemical attack under these operating con-
ditions. No other approach is suggested at this time that might pro-
vide a continuous temperature measurement in this environment.

On the other‘hand, some quality measurements such as surface
inspection of steel strip are difficult, not because of an inherent
difficulty in obtaining a variety of electrical responses from the
surface being inspected, but because the quantitative interpretation
of these signals in term of established standards would require ex=
tensive complex equipment that makes such instruments impractical
and uneconomicale

One approach to these measuremen® problems is the use of an
jndirect measure that utilizes existing types of practical instru-
mentation. In the indirect method, the variable to be measured is
calculated in accordance with the functional relationship that
exists between it and other measurable.variables.

The indirect measurement approach can be used most effectively
when the digital control computer is available. For example it is
impractical at present to measure the thickness of steel in excess
of two inches with radiation-type measurements gages. However the
thickness can bz measured during a rolling operation if the open-
ing between the rolls and the amount the mill flexes during the

rolling process are known. since the mill is equiped with instru-
mentation to measure roll opening and rolling force, or mill loa-
ding, it is relatively simple, by means of Hook's law, to calcu-

late the actual roll gap, which is the steel thickness.
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In another example, it is necessary to know the average of
temperature of a steel piece being rolled because of the effect
of this temperature on the resistance to rolling deformation, or
reduction, because surface temperatures are difficult to measure
reliably under operating conditions and because average tenpera-
ture in this case is more important than surface temperature,
mathematical relationships are developed that relate the initial
temperature of the piece, the time of furnace discharge, the
changing geometric form of the piece, and the energy added during
rolling. These calculated temperatures are then used as an indi-
rect measurement for mill control. Although the use of computers
may in some cases increase the demands on instrumentation, these
are examples in which the computer can minimize or reduce the

instrumentation requirements,

e
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FUTURE CONTROL TRENDS
IN IRON & STEEL INDUSTRY

As in other process industries, other aspects of control in the

iron and steel industry being considered are only in the very forua=-

tive stages. In Great britain an installation is presently under

way in which not only the process in under the direction of computers,

but several in-line processes are also tied together through what,
In this

and the

atpresent, must be considered fairly loose control links.
installation, control is extended to include process control,
regulation of information between process, such as product specifica-

tion and product and machinary requirements.

The use of computers in data processing, production-planning.

and decision making is quite common. The industry canm look forward to
the day when these functions will be combined with the process control
functions. Production planning scheduling, customer orders, and produc-
tion orders will all be coordinated to the actual process operation and
process machinary. This coordination constitutes a form of multilevel
control that will take into account the overall system economics in
planning company wide objectives, as well as the individual process

requirements.

Extensive efforts are being made by the iron and steel industry
through research, development, and application to continually improve
its position. In the area of process control, or overall plant control,
these efforts are demonstrated by the examples that have been given.
However, much remains to be done. A great deal of effort is still
required in the area of developing new means for process measurements.
Process control equipment is readily available, ranging from indivudual
analog controllers through large scale digital control computers.
However, such equipments must be tested under actual operating condi-
tions. One of the most promising avenues though, for increasing the

level of process control cowes from the chemical, metallurgical and
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process research presently under way. The developuent of more inten-
sive knowledge of processing functions makes practical many computer
type predictive controls that seem, at present, to be most needesd

for the industry.

In the following presentation, we will be discussing future improve-
ments and advancements in the control techniques of various depart-

ments

THE COKING DEPATMENT

Consider the idealised plant of the future and begin in the con-
ventional iron and steel way with the coke ovens. Very little autome-
ation, in any sense whatever, of coke ovens proper(i.e. excluding
by-product plant) has been attempted since approximately 1926, though
one or two plants are equipped for pre-drying of coal and some experi-
mentation is being carried out on "formed" coke., The product of the
coke ovens today is neither very uniform nor is it in the form the
tlast furnace requires, nor is the operation in any way continuous.
Unless somebody can invent a continuous coke oven with a higher output
per man-hour, lower capital cost per ton, and a closer size range, it
seems inevitable that the pressure will be for developing means of
injecting obher fuels at an increasing rate. It is, howsver, worth-
while to consider to what extent “he present-day coke oven can be
sutomated in the sense of producing a more uniform product, if not
perhaps in other ways. Blast furnace practice is always improved if
the fusl charged is reactive, uniform in size, low in ash, low in
sulphur, with a uniform moisture content. A few coke ovens In the
world ars aquipped with coal preparation plant which, by bedding
techniques, produce absolutely consistent coal analy sis supplied %o
the ovens. The extension of this practice would seem far more worth-
while than applying computers to the problem of blending large numbers

wagons i coal of varying sources and analysis at the tippler,
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Exanination of the coke ovens of today does not lead one to

suppose that there will be any major change in which the whole of

the oven practice is alterad. Nevertheless, it is possible that

electronic data processing could be used 40 decide whether a coal~buying
programme would not be better devised employing coals hauled from

a distance which were cheap, conslstent in quality but perhaps

slightly lower in coking index, blended with others of much higher

coking index, more expensive, but perhaps more locals

THE SLABHAKING DEPARTHENT:
It seems likely that many slabbing mills will continue to exist

for years to come, but a comprehensive study is required before it can
be decided whether it would pay to design a complex computer control.
As yet, no-one has linked a production control computer to even a
programme-controlled slabbing mill, although, since this seems to be

one of the simpler jobs to attempt, perhaps start might be made,

A& true on-line computer designed to take full advantage of the
capabilities of a slabbing mill would be a more complex device and
should yield higher outputs together with better quality. Such a
computer would measure the temperature and hot strength of the steel
from the roll force, or torque, required at the second pass, to avoid
misleading readings caused by pipe "on the first,and select the best
rolling prograume to fit the quality of the steel, the dimensions
required, and the hot strength of the steel. It would,in addition,be
designed to reverse the moment the roll force, or torque, fell off as
the piece was issuing from the mill, and would thus be anticipating in

the same way that a good driver already does on a slabbing mill,

THE HOT STRIP MILL:

The coupling together of the hot mill production=control automatic
data processing with an on-line computer has not yet been attempted in
any plant in the world. Nevertheless, it obviously remains the dream
of the future, and with more and more mills being fitted with on-line
computer control, no doubt atteupts will soon be made to achieve this,
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ivcluding the printing out of what is actually rolled compared with
what was originally intended, when in scheduling fthe hot mill
production-control computer, such problems as cobbles and unexpected
roll changing have been surmounted.
THE STEEL MAKING DEPARIMENT:

The capital cost of replacing cpen hearths factoies by L.D. vessels
wou.d be greater than the saving that would result.
Nevertheless, the industry must ceaselessly watch the point at which
the replacement of some of its older steelmaking plant by modern plant
of large capacity will pay, even in spite of fresh capital expenditure,
It is understcod that in America, as yet, no modern open-hearth plant
is being scrapped in favour of large L.D., although open-hearth plants
built some years ago with furnaces of around 180 tons are being
replaced by L.D.

The overall scrap/pig=—iron ratio of all the plants today is appoxi-
mately 34 scrap: 66 pig. The improved yields in a fully automated L.D.
plant wculd result in less mill scrap being available, so that the
inability eof the L.D. plant to use more than about 30 per cent. of
scrap would ke no severe handicap., There is also the possibility that
the use of fuel cxygen guns in L.D. converters mmay be extended to the

point where the scrap percentage on an L.D. vessel could be increased,

One of the major points in the fully automated plant would be the

consistency of yield from ingoing preduct, consistency of performance,
ari consistency of outgoing product. Ons woulld attempt to have the
pig=ircn anglynié contained within very close limits indeed. An cn-line
computer controlling the pig-iron analysis would be most valuable to the
steel plants, The careful preparation of scrap so that the alloy content
of every charge was the same would also be a fundamental part of the
wwocegs, Data logging, with large—scale display operator guides, is
vedy ‘o operation on some large L.D. plants but total centrol of the

Lete 'recesces has yet to be perfected. Once again, the sensing devices,

(&) CamScanner
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in the shape of weighing and temperature, are unreliable. Studying
the problem of full-scale automation of any steelworks shows how
vital it is that this problem of weighing and recording the weights

be accurately mastered. A brief description of this fully automated
L.D. plant would be as follows: the hot metal would arrive from blast
furnaces on a short direct track in what might be described as a

mobile mixer. A computer would be used to determine the weight for
each charge, the weight of scrap and pig-iron to achieve the maximaum
yield of full-length ingots of the gize required if a slabbing mill

is still in use. The computer, having calculated the required charge,
would then calculate the flux additions, the quantity of oxygen to be
blown, the rate at which it was to be blown and the height of the
lances above the charge, all based on the weight analysis of the charge

and the final analysis required.

The computer control of charge weights and teeming temperature
will result in less skull, but ends,'and other pit scrap. Thus the
yield from scrap and pig-iron to prime ingot may well increase by 4 per
cent. over present—day practice. Similarly, the use of refractories is
estimated at an average of 40 Ib. per ton of ingot in the flat product
works of today. This would decrease to 6 Ib, per ton of ingot and

these refractories might be much cheaper than those now used.,

The fuel oil used today averages approximately 20 gallons per ton
of ingots. As far as steelmaking is concerned, this would decrease to
practically nil, although there will undoubtedly be a big increase in
the amount used in ironmaking. The oxygen used today is approximately
1,200 cu. ft. per ton of ingot, and this will rise to, say, 2,000 cu.ft.
per tonj owing to the immense bulk of the oxygen plants, however,together
with a big reduction in waste oxygen, the cost per ton of ingots will
probably be no more. In addition, low=-purity oxygen will be required to

enable 3 cwt., of 0il to be injected per ton of pig-iron,
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