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AUTOMATION IN THE IRON AND STEEL INDUSTRYl/
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SUMMARY

As part of iLe work on automa!icn carried out by the Economic Commission
‘or Europe and its subsidiary todies, the ECE Steel Committee in March 1961
decided to review the position of wutomation in the iron and steel industry in
various countrics. The report was undertaken in response to a wideiy felt need
for factual information on the situation at that time in the main sectors of the

iron and steel industiry of several steel-producing countries.

Research on wutomation is gencrally undertaken in European countries on
three different levels:

= resgearch in the oteol industry itoolr nad through the equipment makers;
- research in national research institutes;

- research sponsored by international organizations such as for instance
the High Authority.

It ic shown in ‘he bibliographical part of this report that pubtlications

dealing with automation in the iron and steel industry became noticeable around

19603 in this report more than one hundred articles published between 1960 and

1964 have been revicwed .n order to assess the progress in this field. From this

*¥ This is a summary of the paper issued under the same title as ID/WG.14/28
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total, about 40 publications deal with autometion in rolling mills, 30 publications
deal with automation 1n the steelmaking plant, 10 publications with automation of
the ironmaking and 10 publications with automation of iron cre preparation. The
greatest developmeni in autoratlon was otviously achieved in rolling which is the
most adequate for 1ts application because of the periodicity and coutinuity of the
process., Moreover nensing devices are more easy to develop in this area and en-

vironmental condi*ions, as regards neat snd dust are not 5o Severe.

For the depariments o ironmaking and cteelmaking, equipment is available for
many of the computing and control functions, while the arduous conditions encoun=-
tercd in measvring are the reason that cquipment for this purpose is not available
to the degrce of robustness and other accuracy desired. Measurement of the con-—
ditions inside 2 klasi-furnace for instance remains to be very difficult, and
aatomatic wrighing of raw materials and of semi-products accurate enough f¢r pur-
poses of automation still requires much study. There is a growing need for quality

con*rol equipment for example continuous analysis of solids, liquids and gases.

Rapid progress is likely to be made both by iron and steel works and by the
manufacturers of automaiion equipment under the ccmpulsive demand for increased

production efflciency which exists in all countries.

Tt is fairly easy to asseus the economic value of individual installations.
However, many of the more complex syutems of automation have been installed a3 an
inherent part of a programme cf complete plant reconstruction., In such cases it
is much more difficult to estimate ceparately the gain due to automation., More-
over many of the advantages realized tarough automation are due to improved product
quality, nroduction scheduling and production co=ordination, which is not 2lways

easy to measure 1n terms of ?ost/benefit relations.

3ince a main feature of autoration 1s its g adual introduction into the pro=-
duction process, through adding consecuilvely sensing devices and control equip—
ment, the resulting cconomin effects will alco be felt only in a gradual way. Very
often automation projectc are considered in the framewnrk of an over-all research
and development programme which is not subject to the normal economic criteria for

assessing their effectiveness, since long range objectives have to be taken into

consideration.




ID,./WG.14,"£‘9 Summary
Page 2

One of theae long-range objectives of automation is the s.eady imprcvement of
labour productivity which will be achieved mainly through an improvement of work
efficiency (for instance reduced losses, improved quality, less i1dle time vtc.),
rather than through a reduction ot manpower., Although the number of unskilled and
arduous jobs dimirish, automation leads to an increased need for skilled workers,

and to *the need of developing such higher ¢kills,

In the iron and steel industry the bigecest Savings 1n manpower come from plant
design modiiications such ags increasing the sige of furnaces, mills ang handling
equipment, all resulting in 2 hicher production rate, This Increase in cize and in
the degree of mechanization calis for more reliable control features to ensure
greater safety of the operation, prevention of equiprent breakdown, regularity of
the production schedule, or closer control of the quality of the product, Thus
automation permits to take to a greater oxtent advantage of the capital i1nvectments

in the ircn and steel industry,

Once the production processes of making, shaping and treating steel will have
come under closer control, pgreat advan*age of automation can be expected from co-
ordination of the different production units and from optimization of the produc-
tion programme according to tne raw material cituation and the product structure of

demand,

In order to reach this goal an even closer relaionship has to be established
between the steel industry experts, who know the requirements for advanced techno-
logy and the instrument experts, who know the possibilities of the equipment,

Common research projects are currently undertaken to thijc effoct,

The structure of this report is as follows. An introductory chapter and a
chapter, dealing with the general aspeciu of the application of automation to the
iron and steel indusiry, lead to the description of the state of automation in 1964
in the following sectors:  coke mannfacture and ironmaking; steelmaking; rolling of
semi=-finished steel, plates and sections; wide strip mills; and other operations in
iron and stecl making., These five descriptive chaplers are followed by a chapter
dealing with the economic and social effects of automation., A last chapter summar-

izes the general conclusions, Bibliographical references, on which the repo~t isg

largely based, are given in an annex,
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Prefatory Note

As part of the work on automation carried out by the Economic Commission for Europe
and its subsidiary bodies, the ECE Steel Committee 1n liarch 1961 decided to veview the
position of automation in the iron and steel industry in various countries, The report
was undertaken 11 response to & widely telt need for factusl information on the current
situation and degree of automation in the wain sectors of the iron and steel industry
of several stecl-producing countries.

The report was discussed by the ad hoe ieeting of Experts on iutomation in the iron
and Steel Industry, established by the Steel Cormittec. The Chairmun of the Meeting,
Mr, AJl. Leckie, acted as Rapportceur and conducted the cusquiry with the assistance of
the Seereturint ard on the basis of 1uformation made available by Governuwents,

The report reviews the weneral aspects of the appliecation of automation and
computers in the iron and steel industry and gives exawaples ol autemation in the
individual stages of the iron- and steel-making process: coke manufacture and iron-—
making, stcel-making, the rolling of semi-finished stceel, plutes and sections and of
wide-strip, and other operations i1n iron- and steel-making. The report further reviews
the economic und social effects of automation; recent bibliographical references are
to be found in the anncx.

At its thirty-second session, in September 1964, the Steel Committee decided that
the report should be published for general distribution. The final text of this report
has been prepared in accordance with normal practice on the¢ sole responsibility of the

Secretariat,




CHAPTER 1
INTRODUCTION

At its twenty-fifth session, iua .larch 1961, tire Stezl Committee requested chr ad
hoe Meeting of Txperts orn cauwomation in the Tim and Steel Industr, to propare an
aceonnt oi the citent of awtoo tim welieved 1o differci. countries, Countries were
invited to prepare netions?  wrerts te be ~onsadored Ly Jhe experts, and to meke
recomaendations o Yurther work uclwlie, rerbans, o mere intensive study of the
autonation of pasticulir pro-csres.

In resnonse (6o o request o the Exoccutive Secretary of the £conomi~ Commission
for Furope, replies were receaved from frttern ~ountrics and from the Furopean Coul and
Stoel Cormpmuanity U theso ropites, twelve contuoned specific inforuation, the remainder
being statoments to the ot fcet that Lhie couutrics econcerned hod wot made sufficient
progress with autometion <o nerait Lhe contoibution of antormatien, »t. the rcouest
of the Scerctaryat, Mr . H. Lectie (Unilad Kingcom) Charrman of the nd hoe Veeting of
Experts, k'ndly agreed to ac* as Fapportiur, and a areliminacy report sumarizing the
pesition at the L wis preserted by the tweni=oighth session of the Stecl Comuittee,
in leplember 1062, At this and the twety—nint) on’ th.ortyveth sessions, in the
follewing year, Goverumenis wer. as'cd Yoo furiher inforwation on the develnpment of
automation in the iren-and sooci=works o! ne varicus “ountries.

At 1us thirty=fivst s:ss10a, 1u sarch 1964, the Stec] Comuittes reviewed briefly
the materinl nrovaded bv Coveonments v well au <he work neing ~arricd out for the
premaration of a1 new rep .ot op anitoamtion in the 1ror and steel industry. ‘e Committes
expressed the hope that the wl Loe Meeting of Experts or Antomation in the T+on aand
Stuel Iadustry wonld ot its neat cecsion, in Septomber 1964, examine 1l relevant
anformetion and proposals vorcived s weil as the new report on autometion ia the iron
and sieet induasiry, [t wag anc =stood that th: new report would inciude all recent
information made avarlable to Uhe Secretariet by Goverrmen*s since the presentation ie
the Stael Commitiee 1n 1962 Hf © restricted preiiminay report ou the saome subjert

Subsequent to the presentstiou of the prelimivary report, the Secretariat roceived
relevant infoermation f.ou twelve conntries (Austriz, Czechnslovikia, the Federel Ropublic
of Germany, VFrance, Hungao ., Iilcly, kemania, Sweden, Turkey, the Ukrainian 330, the
‘nion of Soviet Socinlist Pepubliecs and the United Kingdom). of which two countries
(Romania and the USSR) provided alss mbliographice]l materiel. Further replics
(received from Helgium, Dewni.rk, Tirlend, Irelard. the Netherlands, Norway and Spain),

stated that the responding Governments had no nuw informetion o submit or observation
to make,
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The present repcct has baen prepared by the Chairman end Rapporteur of the ad hoe
Me>iing of Experts on Automa‘ion in the Iron and Steel Industry, with the help of the
Secretar.at, This report inc:iudes woith the clevent purts of the preliminary report
an? ail rew ipformction suhmitted by Goverrments. Wherevor necessary, suczh iolormation
has Heen reiaforosa o fbat in s2cue of the wore important papers wnd articles, published
recently in verious covniries.

Mearly e']l %oo 1nformation wvailable is technieal, Some t:me pust elapse berore
any calintla assarsrer: enn b made of Lhe econumic affect L% actometicrn, althuiri a few
cCuLntlies have promided Dnleormation ws indicuted in cnapter V1LY &nd some estimutos can
Le mnde,

Ancilar diffieculty facing the Secretariat and Rapporteur in preparing a rcport is
“lhat veelnicel progress in automatior is very rapid at present, and it is not possible te
Mmowre that informatiol is up-tu-date by tne time it reuches the recader. 1t should be
uuirstood thet the contents of this report apply to tie time of writing (1964) and that
cousidarrble wdvarces mey be awdo betwoein thay time and the time of appearance of the
romart,

Definitiun of automation

One difiiculiy cncounterel by all 2tudenvs of this subject is the detinition of
wvhat methiols of operetinn should be included in the term "evtomation”, In an earlier
Lok report on the ceonumi~ viplications of zutomation in general, thvee atages werw
distingui sncd:

(a)  the wechanization of productive prccesses or parts thereof, of links between
pronecses and of tho sim_.lest assembly onerntions, so that the work ic done mechanically
vithout cirect phvsica’ offert or the purt of the operatives;

(L) the automatic conirol, regulation and direction of productive processer cr
parts thoersof;

(c) the usc of hish-speed calculating mochines (espacially electronic computcrs)
fer actomatic centrol, regulation and direction and fur collecting and processing
faformaticn,

Prohloms of defirition are diccussed in e contribution received from the High
Aathority >/ the ECSC. Thic quotes simple examples 5f suveral kinds of automation, e.g

(a) those fcllowving o ripgid programme e.g. sutomatic record changing for

g1 aophones, and washing nachines;
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(b) those adjusting themselves sccording to the rssult of the operation. In
this category falls what is probably the first example of automation - the governor of
& steam engine invented by James Watt at the end of the eighteenth century. Other
examples ore thermostatic control of domestic heating svstens and automatic volume
control in redio sets.

(¢c) automatic operation of several processes in sequence, e.g. transfer machines
in automobile engincering and the chain of chemical processes in an oil refinery.

It will be noted that thesce three types of cutomution quoted in the ECSC contributions
do not include simple mechanization.

A contribution from Italy solves the problem in terms of the Bright Scale which
lists on a scale all types of operaticn from the simplest hand operation without tools
(scale 1) to edvanced anticipatory action and control (scale 17). The suggestion is
that only operations on scale 12 or above can be regarded as truc automation,

The simplest definition would eppear to be that an ocutomated, as distinct from a
purely mechanized, process is one where certain decisions are made without humen agency,
e.@. decisions on how far to open u valve according to a temperature or pressure reading,
decisions on the screwdown of o rolling-mill according to the temperature of the steel
offered to it, and so on.

However, it is proposed that this stage of the study should not spend too much time
on problems of definition, and should not exclude study of instellations of interest
which may be on the borderline of true automation. The information submitted by the
various countries reveals cousiderable variation of opinion on whet is worthy of quoting
&8 examples. Some countries include installutions of ordinary indicating and recording
meters.

In some of the national reports 1t was not always clear whether examples of automation
quoted referred to equipment actually 1n operation, or to equipment planned for the future.
There ore not many instulletions incorporating extended use of high-specd computers
throughout the chein of processes. At present such computers are used in o fow isolated
locations on what is essentially o full-scale experiment. However, it is clear that

most of the major iron- and steel-making countries are aware of the wide field there is

for integrated automation and are meking plans for it.
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At present, the trend in the principal iron- and steel-making countries is for
full automation where this can be carried out simply and reliably, using well-tried
electronic or fluid-actueted control systems. Automatic control of hot-blast temperature
and blast hunidity in blast-furnaces, cutomatic draught control (based on furnace
chamber pressure) for open-hearth melting furnaces and soaking pits, automatic gas
pressure regulation and control of fuel/air mixing rates are widely used. The same
applies to speed control in continuous mills. Other types of automation such as
sutomatic gauge control in wide-sheet mills and automatic roof temperature control in

open-hearth furnaces are rapidly coming into use.
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CHAPTER 11
GENERAL ASPECTS OF THE APPLICATION OF AUTOWATION

OR COMPUTERS TO THE IRON AND STEZL INDUSTRY

In a fully automated works, the customers' orders would be processed by a
computer which would then assemble them into a works schedule which would allow for
optimum operation of the plant. Each part of the plant would have its own control
system receiving instructions from the central computer, and signals of all the
important variables at each stege would be fed back into the system to emable any
deviations from the programme instructions to be dealt with,

Although such a system is not yet operating anywhere, a number of works are
planning auch a system of control. For instance, the system applied to the plate
mill in Oxelosunds, Sweden, referred to in Chapter V, is of this kind, and
according to the latest information received from the Swedish Government, this
experience has caused some otber Swedish works to use computers for the planning
of their production in the same way.

In Austria, the ulloy steelworks of Schoeller Bleckmann will feed details of
each incoming order into a computer, which will schedule the order and estimate the
delivery datagl)* One group of steelmakers in Italy is reported to have ten
electronic computers in use for commercial and scientific purposes. Three more
computers are to be installed for the same purpose and another is intended for
controlling the operation of a reversing sheet mill. A process control system
using a computer is being planned for the S.K.f. Hofors Werks in Sweden. The wide
use of data-logging linked tc computers in the Jepanese steel industry has already
been noted in a roport from a delegation from the United Kingdom which visited Japan
in 1963. The Pittsburgh S?e;l Compeny in the United 3tates will be scheduling its

2

According to information from the United Xingdom, considerable attention is

operations in the same way.

being given by the iron and steel industry to the installation of mechanized data
collection systems to replace handwritten documents for collection of process
information. 3o far, there are at least two installations of deta collection
equipment in operation. These employ push bultons for information input into the

system, multi-point uniselectors for temporary storage and co-ordination of the

information, and punched tape or cards for permanent storage with electric typewriters

*

Figures in parentheses refer %o the bibliography, reproduced in the annex.




ErR—

%W;M/ZB

for print-out. One of these installations 1s at a section mill where about twenty
items of datae such as date and time, cost number, order number, bloom size, weight
and quality, section to be rolled, number of sections rolled, section lengths, ctc.,
are co-ordinated and printed out on eleciric typewriters. The information cmanates
from several stations, ranging from the point of arrival of the billeis to the
position of stacking of the finished sections. The other installation provides
centralized recording of the order number of the matcrial belng processed and the
working and idle time of twelve different items of plant throughout the works,
including e tandem mill, temper mills, cleaning lines, slitting machines, and
straightening machines, etc. ldle time is capable of being coded under ten
headings and the collated information is recorded on punched tape und cards and
printed out.

Une of the most ambitious integrated automation systems is that at the Spencer
works of Richard Thomes + Baldwins Limited iy the United f£ingdom. /s each order is
received from the customer, the details are fed into a computer which calculates the
tonnage of steel required at each stage according to normal yields. Orders i'rom
each customer are then grouped according to specification, delivery date, and so on,
to establish the schedule of steelmaeking. This information is tfcd to a secoud
computer which controls the ingot and slabbing operations, and this in turn Ceeds into
third computer which passes appropriate instructions regarding the Pinal rolling
programme.(B) (4) Some time is likely to elapse before thi- integrated system is
working fully, but it may be assumed that the United {ingdom steel industry will aim
at the operat. .. of this kind of comprehensive system at most of the modern works.

So far, there are at least ten digital computers and one analog computor in
service in the United Kingdom carrying out on-line process control. Two further
units are being used eiperimentally and another two are on order. About tweaty=-six
computers are in use for office work such as pay-roll calculations, invoicing, stock
control and so on.

The function of planning steelworks production, scheduling in detail individual
processes and collecting progress information from them, is a8 vital operatioa,
especially in an integrated steelworks. The object of this function is to match
Customer requirements with plant capacities and operating criteria so that a high level

of over-all efficiency can be maintained. lich attention bas been centred on the
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study of this function since its success or failure can considerably affect a
company's profit and loss account. It has been shown that digital computers can
be programmed to deivermine production schedules, etc., in an efficient, predictable,
consistent manner by taking into consideration a wide variety of criteria and
constraints and oy treating werlis as a single multi-stage process rather than o
nunber of individual) processes. Customars' orders are fed into a computer, are
processed according to specilied rales, and preduction tchedules are calculated,
Comput>r systems arc on order lor three =teel plants for this type of production
planning work, and iu addition design studies have been completed for three more
installations of tuis “ype.

The problems of comrmunication, timing and co-ordination of the information
arising when the production schedules are implementied, can be dealt with by the use
cf sotellive computers linkea to whe production processes and communicating with
the memory system of the central production scheduling computer. The satellite
computers can be programmed to instruct a secticn of a works by means ofi tele-
printers, displays or divect control of on-line computers and car assimilate progresn
information derived from push buttons, digitized weighbridges, trip switches,
automatic length-messuring devicas, etec. This progress information will be used
{a) to follow the progress of material through the works, thus enabling the display
2?7 schedule instructions to be correctly timed, ard (b) as feed-back ‘nformation for
the production scheduling function. an advantage of this system is that schedule
changes, however caused, can bc rapidly communicated tc the relevant parts of the
works and considerable ye-schoduling can be effecved in a short time. It is clear
that the maximum speed of responsc will onlv be achieved if the various computers in
such a system, 1.e. the centrel scheduling computer and the satellite computers,
which mey number up o six in an integrated steelwovks, can directly inter-
communicate information.

One practical method of achieving such-a communication system involves the use
of & large random access store to which every computer in the system has access.
Such a store then becomes an electronic clearing house for schedule details being
pacsed from the central machine to “he satcllite :omputers, for progress information
rassed in the? reverse divecticn, and for co-ordination signals nassed between the

setellite computers. An integrated data processing and information handling system

of this nature has been designed for a large integrated steelworks and will be
installed.
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Althouga the rzmarks on information handling and production planning Lave been
taken largely from the United ingdom report, it is known that similar methods of
planning by means of computers are in use in other countries.

Vorks! central services

In modern integrated works there must be mary automatic controls to preserve
sule operating coaditions. This point ic mentioned in the report from Yugoslavia,
ranging from autoratic control 0° veter level in boilers, to regulators which prevent.
ercessive speed in turbo-generators when the load is reduced. -iany works have
centrel fuel corntircl systems by which the distribulion of coke-oven gas, blast--furnace
gas, and other fuels to the various cencuming departments is organized. For the
most essential services, such as the cooling water supply to blast-furnace tuyeres
and coolers, an emergency water supply which automatically comes into operation if the
main circuiative systen fails, is desiralle.

There is scupe for a considerable de;rec of automation in the railway system
servicing a large steslworks and one of +the new marshalling yards built to serve a
iarge strip mill plant in the United Xingdom is an example . Information on how an
arriving train is to b split up by means of "hump” shunting is recerded on punched
tape which operates the reil switches ard raii brekes automatically. The available
capacity in the sidings is signalled into a computer which takes capacity into
account when programming the flow of wagons.

Research on automation

The iron and steel industry of many countries is devoting an important proportion
of their research budget for research on automation, The information provided by
Czechoslovakia mentions work being done in that country on measuring instruments.

O particular irterest are: (a) instruments for temperature measurement at the
perimeter and in the cross section o” the throat of a blast-furnace, (used to regulatc
charging) and a system for measuring the pressure change between tuyeres and throat
and tuyeres and hearth. The Iron and 3teel Research Tnsti-tute has been making a
special study of torsion rkcorders and electromagnetic tensiometers operating on ‘the
principle of the Niedemann effecct. This equipment hes been used for pressure
measurement in rolling mills znd ir crane and platform weighing machi.es.

In the USSR, there is a Central Laboratory for Automation much o! which is
devoted to problems of the iron and steel irdustry. In the United Kingdom the

industry's centrel research association has departments dealing both with the
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fundamental physics of sutomatior, and the application of computers to the industry.

In addition to this the major steel companies have parts of their own research
laboratories devoted to the study of automation. The same applies in the United
States of America where, for example, the large central research laboratories of

the United States Steel Corporation at .ionroeville, Pennsylvania, has an electro-
mechanical engineering building devoted to research on instruments, automasic

control systems and computers. This department also offers a consulting and
development scrvice to the Company's steel plants. The turopean Coal and Steel
Community has set aside a considerable sum of money for central research on sutomation,
to be allocated on recommenlstion of its technical research committee to projects as
they arise.

Apart from the above-mentioned research by the steel industry itself, the
companies who supply equipment such as measuring instruments, automatic control
systems and computers, undertake a considerable amount of research work themselves.
Bibliography

Vorld scientific literature is well provided with papers on automation and the
references in this report are only a small sclection of references included for
illustrative purposes. Some of the information received from Governments, notably
from the Federal Republic of Germany, Romania and the USSR, contained references to
papers on sutomation in the iron and steel industry.

The following chapters summarize information received from Governments relating

to specific sections of the irom and steel industry, supplemented by relevant

information from published literature.
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CHAPTER_I11
COKE MANUFACTURE. AND IRONMAKING

The manufacture of metallurgicel coke at present does not lend itself to true

sutomation, and modern ovens exemplify advanced mechanizstion rather than true
sutomation. These developments are mainly devoted to remote control of the operations
from control desks. There are various devices for alignment of pusher and coke guide
during pushing; onc involving the use of cobalt or caesium isotope transmitting from
one side of the oven to the other. Automatic quenching is standard practice. By-
product plants are, of Course, very suitable for the types of automatic control common
in chemical plants but these developments are outside the scope of the present note.

In the United Kingdom, combustion air and fuel gas pressures, temperatures and
flows are centrally mouitored and local automatic controls applied to maintain flows
for desired combustion conditions. A summpary of the position in the United Kingdom
coking industry was given at the International Seminar on Automatic Control in the
Iron and Steel Industry held in Brussels in 1962.(5)

In the USSR, research work is being carried out on the automatic control of the
pushing and thermal cycles of coke-oven batteries on the basis of digital technique.
Experimental installations are being used for automatic regulation of heat supply for
heating coke-oven batteries, in which consumption of heating gases is maintained at
the desired level by control of temperature, moisture content and calorific value of
the gas.

Coke quality is not so critically dependent on process conditions as to make more
precise control of the process a strong requirement, but it is much influenced by coal
quality., However, th: quantitative relationship between the two is not sufficiently
well defined yet to allow coke quality to be automatically controlled directly from the
measurable physical and chemical properties of the coal. This matter is receiving some
attention.

Considerable advances have been made in the mechanical handling of the feed
materials, including cemtrslized control of cosl blending, crushing and conveying, coke
screening and the flow of by-product materials. In the United Kingdom the kiurton plant
of the National Coal Board is a notable example of advanced coke-oven materials handling
vhich has resulted in much improved working conditions and some 50 per cent reduction ir
manpower requirements — both important features at a type of plant which had previously
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offered unattractive working conditions and so become increasingly difficult to man.
There is 3till scope for improvement by more remote control of charge hole 1lids, door
cleaning, coke car and pusher positioning, etc., and these matters are receiving
attention.

The information from Yugnslavia and Turkey quotes autometic regulation of the gas
used for firing, and of the pressure of the raw gas. The main variables in the by-
product plants are also under autometic control,

Contributions from other countries make only brief mention of coke-ovens bu! modern
coke-oven practice is almout standardized in the primcipal iron and stesl mamnufacturing
countries of the world and it may be assumed that most instullations are provided wvith
the equipment mentioned above.

Iron-ore mining and preperation

In the United Kingdom, the local iron ore deposits are usually of very variable
composition and of low iron content, and careful blending of the ore extracted from
the working faces of the mine or quarry is necessary to secure a uniform burden.

This is commonly done by ore-bedding installations, but one company is using a digital
computer vo work out an optimum programme of digging ore in open-cast mines so that a
specified quaatity and blend of feed material is achieved from sites giving varying

(6)

ore analysis. In modern plants the transportation of ore and coke from stock-
yards to crushers and hoppers is fully mechanized by conveyor belts which are centrally
controlled. Coke and ore ave dispensed from a row of bunkers on Uc¢ conveyor belts to
give the sinter mix. The proportioning of the mixed constituents is controlled by
gates, feeder tables and regulating belt feeders. The degree of control varies from
works to works. In the most advanced cases the rate of flow of individual mixed
components is maintained at a pre-set level by individual regulzting btelt feeders and
provision is also made to alter the total feed rate whilsi maintaining the proportion
of each constituent unchanged. In other works, only the tctal ore, coke and limestone
are sutomutically controlled. The proportion of returned fines added. i.e. the
circulating load is acutomatically controlled at some works. The material feed rates
are coimonly measured using belt weighers. At most works the primary processing con-
ditions at the sinter strand are measured and recorded. These include material feed
rates, water addition, wind-box suctions, strand speeds, hcod temperatures and sinter

quantity. The flow rates and pressures of the fuel and air for combustion are measured

and automatically controlled at pre-set levels which eaere set manually,
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In Belgium, there has boen a considevable smount of research done on the automatic
control of sinter plants aided by financial support from the European Coal and Steel
Community. The application of X-ray fluorescence to the anelysis and control of the
raw meterials has heen studied.(ba) The use of electrical conductivity measurements to
control the humidity of the sinter mix has been studied.(6b) The use of a flame front
measurement to control sinter plants has wlso been described in the literature from
that country. The British Iror and Steel itescarch Association is working on continuous
monitoring of iron ore and sinter composition,

The contributions from France, Ttaly and Yugoslavia refer to the measurement of
temperature and analysis of gas at ors preparation and sinter plants. Regulation of
the strand speed, permeability and moisture content of the mixture is the subject of
continuing research, International literature contains some references to devices
which aid the application of automation to sintering plants. There have been a number

of references to raw materials control. Apparatus for the determination of the humidity

content of sinter mix has been described in a [est German paper.(7) An american firm
has described how a digital computer can control process data including instantansaous
X-ray analysis of raw matleriais and of the finel product.(B) An electronic method of
belt weigh:.ng for blending by weight has been developed by a United Kingdom firm.(g)
Papers from the USSR have described an electromic meta) detector for rerwoving metal from

: \
material on its way tc the crushers,(m' sutomatic control of strand speed based on the

1)

. 12
quality by magneto-metric estimation of the ferrous oxide content of smter( ) and

temperature difference between the two last windboxes(:l means for controlling sinter
4

control of return fines temperature.‘n) The Ukrainian SSR reports that the intro-

duction of automatic proportioning systems leads to a greater uniformity of the sinter

produced and, consequently, 4o an increaso in blast-furnace output by 1 to 2 per cent.

Blust-furnace plants

A considerable amount of information on the automation of blast-furnace plants
has come forward in the national reports. These are referred to in the following
paeragraphs dealing with the different uspects of blast-furnace operation.

Automatic charging is referred to by several countries, notably the USSR, Fraace,
Yestern Germany and the United Kingdom. 4 report from the Government of France has
provided a description of the automatic charging system applied to the blast-furnaces

et the works of USINOR at Dunkirk. These furnaces are belt charged. 4 computer svores
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the charging programme, which is adjusted according to information of the basic
characteristics of the plant and of the charge materials which is fed into the computer.
Material is withdrawn from each storage bin accorling to the control exer-~ised by the
computer, and info.mation on the materials charged and time of charging is printed out.
By this method a single operator in the controi room is provided with a continuous
picture ot the position at any part of the instaliation, and the actual charging point
at the top of the furnace is visible on a television screen. / similar installetion is
provided at the USINOR plent at Louvroil.(u)

At pew furnaces in Italy and in the United Kingdom, coke and sinter are
automatically dispensed by belt weighers and hoppers into charging skips, according to
desired quantities and a charging sequence which is manually pre-set. Addition of ore
and other ingredients is made via the scale car to the skip and is under wanual coubrol .
The whole sequence of charging operations is automatic, i.e. sending up and tipping the
skips and the complete operations of the bells, including rotating the small bell to
produce a definite stock distribution and dumping of both small and larger bells.

The quantities of materials charged are often recorded automatically., It is reported

from Turkey that there is a blast-furnace in Karabuk which has automatic charging and
stove-changing together with automatic regulation of the air and humidity admitted to

the furnace and automatic regulation of the temperature at the top of the stoves. The new:
blast-furnace plant in the United Xingdom i.e. that of Spencer Vorks of Richard Thomas &
Baldwins Limited, includes devices for presetting the various weights of material charged
to the blast-furnace scale cer. it this works, blast-furnace slag sold for processing

is automatically weighed and tne weights automatically recorded.(ls)

Experiments are going on at the Royal Dutch Blasi Furnaces and Steelworks at
Ijmuiden to measure a mass of information which will be fed into a date logger and
computer. The objectives are control of the burden, control of the heat balance, and
control of the gas distribution in shaft and hearth. It is hoped to discover eventually
what is the minimum amount of essential data which need be displayed to the operators.
Some interesting measurements will be attempted, viz. moisture content of the coke by
neutron bombardment, dust content cf the top gas by an optical measurement, top gas
anslysis by gas chromatcgraphy and tuyere temperature by a two-colour pyrometer,

The Federal Republic of Germany has drawn the aitention of the Steel Committee to

ar article by 7., Liesegang in Stah. und Eisen.(16) This sets out the advantages of

automation of blast-furnace plants in terms of decreased raw material inputs.
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In Csechoslovakia, devices for seasuring the volume and the pressure of the blast
at each tuyer+ have tecn Cevelcped. /in automatic bleciinator reptYating =ysten hias
also been reported on. (Great lnportance is being at*n-hed to research cn tiio mathematical
description of blast--furnace processes, A measurement centre, capable of mrasuring
fifty parameters, has alrcady been developed, and work is now in ;rogress on a menitoring
sy3*ten for about 50 technical parametcrs in the blast-rurnece procress,

The Govarninent of Rumwa.c provided a brief description of a compr-orsed ailr drive
system for opecatiug ithe furnace bells. claimce to give easy maintenance and tg
facilitace tue operation of the automstic charging system, at ihe Resita and Hunecdoa=s
Works,

Blast-furnace production automation in the Ukrainian SSR is proceeding along three
main lines, as follows: (a) avtomatic control of smesting, (b) avtomation of auxiliary
processaos and operaticns; (c¢) nutomation of operations involved in switchboard control
of blast-furnace production.

In the Dzerzhinsky works, a S;i-2 computer has been installed to control the smelting
process in accordance with a pre--set programmec. The insial l.ation of an automatic
casting system at the same works has resulted in an increase by 10 ,er cent in the
casting output. ‘ork is ir progress on the development of an automatic system for
reguleting the distribution of air and natural eas to the tvyeres. .t the Kemmmunarsk
worke an automatic blast distribution system nas rlready been introguced,

Various systems for the auromatic switchboard control of biast-furnace and auxiliary
operations are being or have already heen developcd, e g. at the Duershinsky and the
Asovstal works.

The USSH states that 80 per cent of all furnaces are automatically charged according
to signals given by the stockline recorder.

it has been reported that an automatic blast distribution system, operated entirely
by pneumatic equipment and ensuring uniforh blas® distribution to the tuyeres, is in use
‘n a8 number of blust-furnaces in this country. The main circuw* of thi: automntic system
consists of three parts: (a) individual circ:its for automatic regulitior of the blast
to each tuyere; (b) a unit ir. which the master setting for individual regulators is
determined; (c) a circuit which ensures the optimum operation of the entire reguleting
svstem. The choice hos been made for fully pneunstic equipment, sinc: excerience has

shown *hat such equipment is censiderably nore rel:able under blast-"urnace operating




Page 18

conditions (intensive dust formstion, high temperature, etc.) than electro-mecheanical
equipment. The use of the above-mentioned system has resulted in an incresse by about
2 per cent iu blast-furnace output and in a reduction by 1 por cent of specific coke
consumption.

In a note from the USSR account hus been given of the use of radio-active elements
and radiometric vrobes in blast-furnaces as asds to autonation, The UR:IS-2 device,
for instance, is used in several plants for contuctless continuous measuring and
recording of the charge levcl, It is suitable for pusiticnsl, proportional or isodromic
reguiaticn of the rharge level and mav be used as an a‘d to automatic charging. Its
tracing speed is Im/miu, measirement range 5m, with « margin of error o»f 15 cn.

The complexity «f the preblem of automating btlast-furnaces 1c illustrated ia a
recent article from a research worker at the Tiflis research institute for automation
which outlines & comprehensive schemo.(l7)

The Government f Rommnia outlined a system of poneumatic control of the bell
operation and emphasized the advantuge: of tius system in facilitating a rapid-
operating link for progiumme-control of charging.

In the United “tates, the aew Llast-furnace of the Armco Steel Corporation at
Ashland, Kentucky, which will ha'e an ultimate capacity of 3,700 tons a day is charged
asutomatically by a presst progromme, and operatioas are racorded by a comprehensive
date logging system. lie bell is automatically prevented from operating it the stockline
recorder indicates a full furnace.(]s) A uew blast-furnace at the Duguesu> " orks of
US Steel Corporation will be <.ntrolled by punched paper tape. At the Sarv “orks of
the same Corporation th: requirel charge ag determined from metallurgical calculations
is set up on punched cards whicl feed instruction to the stockhouse.(lq)

Automatic controi of bLlast temperature 1s commonplace and some works use automatic
control of blast humidity. 1In Italy and 1n the United Kingdom the yas flow and air-to-
ges ratio to stoves are automaticaily controlled at preset levels until maximum dome
temperature is reached, when the ratio is automaticelly adjusted to maintain maximum
dome tempersture. Stove changing from gas to air is often mechanized, but the changing
operation is usually still initiated manually. In the USSR, however, there are sany
automated installations and according to the report froa Tugoslavia, some stoves are

sutcmatically reversed in that country also. Pully sutomatic stove operation is alse

practised in Japan.
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There is growing avareness of the advantages of coastant humidity control, and
sutomatic control of this is to be found in the Pederal Republic of Germany, 1taly,
the United States, the United Kingdom and the USSR,

It is probable that %be use of high top nressure has made the most progress in the
USSR and there are many installations of sutomatic control of this. The USSR report
also refers to experimental automatic control of many operating variables such as ges
distribution, zone temperatures based on thermal conductivity and top gos composition
based on infra-red analysis,

There is growing iuterest in the control of the distribution of blast to each tuyere.
This is of particular importance in relation to the modern practice of adding hydro-
carbon fuels at the tuyeres. There are installations of blast distribution control in
the Pederal Republic of Germany, the United States, the USSR and Prauce. Computers
have been frequently used to calculate the effect of changes in operating conditions
on performance,

Two countries (Italy and Yugoslavia) report automatic control of electrodes in
the Tysland Hole type of electric reduction furnace much used in countries where hydro-
electric power is available.

According to a team trom the United Kingdom which visited Japan in warch 1963
sutomatic control of sintering plants and blast-furnaces is well advanced in Jupan,
However, few details of the installations are available. The team noted particularly a
continuous moisture recording device for the sinter mix at the Hirochata works of the
Fuji Jron & Steel tompany Limited. Thie uses the moderating «ffoct of moisture on
fast neutrons as a measure of tle moisture content. s pumber of sinter planta are
provided with automatic speed control. Although there is, as yet, no true "on-line"
automatic contrsl of biast-furnace operation in Japau, comprehcnsive data logging
systems are widely used, and the information analysed by computer. This technique is
perbaps most fully exercised at tne mitsue Works of Nippon Kokan K.K. where the computer
calculates the charge composition and operating conditions.

As regurds casting machines, automatic control of the ladle tilt to regulate the
filling of the moulds of & pig-casting machine has been develoned in the USSR.‘ZO)

A general paper on automation applied to agglomeration plants and blast furnaces
was given at a Paris conferemce in April 1963.(21)
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CHAPTER IV
STEEL-MAKING

%oenchearth furnsces

Automation of parts of “nhese furbuces has been commonplace for many years.
In th2 later 19302 wany furnscec in Europ» were equipped with automatic pressure
control of the fuel gae and automati. adjustment of ilhe chimney damper according to
the preesure in the Purnace working chauter. Some furnaces in the United States
vere equipped with automatic reversal, Attemptc had been mede to control fuel gas
flow according to the roof temperature bu! the control systens available at that
time were not advanced enough to avcid tisubles with "punting" or violent oscillation
of the fuel flow. Since the var, ravid progress hus besn mede, and dhe move
uctable developments wentioned in the information received fiom Governments und in the
published literature, are given below. It is clear that the open-hearth furrece
Frocess is already subject to a Ligh degrec of autowatien in mawy parts ol the world.
Unfortunately there is 1ittle reliabtle -ntormation on %he aconomic advantages of
such automation. Automavic conivoli of air/fuel raiio and of chimney draught
climinate heat losse:: cavsed Yy orcesr air envering the furnac., Autometic control
of roof temperature at thi> highest pormissible level en:tures that the rate of vorking
of the furnace is kopt high. Bat in practic~ the ins<ellatico of automatic conirols
hes usually taken rlace at the same time as rebuilding and rcdernization of the
melting shop geuer:lly, and il is act possible *o separatec the eftoct of eutomation
alone from the effe~t cf other imp-ovements,
Lisky

in several Italian works air/fuel vatio iz convrolled according to the oxygen
content of the wacte gasmes, Steel bath temperatures, chequar tcmperatures and
f1equently waste gas .cmposition are meisured and recordled. Purncce reversal is
commonly aulomatically carried out on a time cycle or manually initiated. The
refinement of automatic control of combustion from weesurement of oxygen in waste gas
is under development. Direct reeding spectrographs are commonly used for steel
ani 3lag analysis, so giving tne quick resvlte necessary for better control o the
melt. Oxygen lancing is nov commonly employed. This speeds up the process and
provides another control parameter on “-th -arbon content and temperature so that

tapping timee can be held “o a tighter ccheduie. The main scope for improveaent
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is thus now in over=-all control of operations to provide a steadier flow of stcel
to the casting bay at the correct temperature without having to hold furnaces back
or drive some too hard. This requires improvement in scrap and hot metual delivery
and charging practice and more centralized control of melting shop and casting pit
operations, These matters are the subject of research and development at many
“steel plants.

Instruments analysing oxygen in waste gascs have been installed in the six
furnaces of the opcn~hearth steel works "Oscar Sinigaglia" of Italsider. By
using these instruments, tests can be done in 15 to 20 scconds and the percentage of
oxygen can be maintained at a set value. The economic gains from this installation
are referred to in chapter VIII.

Turkey

Recently constructed open~hearth furnaces in Turkey are equipped with automatic
recording and control of: change of gas, pressure in the furnace, air fuel ratio,
gas pressure, fuel and air temperature, chimney draught, roof temperature, measure~
ment of oxygen in waste gas,

Some recent imprcvements have led to a reduction of furnace time, longer life
and higher yield of furnaces and resulted in savings of labour, matcrial and fuel.
The improvements reported are: (a) usc of combustion controlling system; (b) control
and regulation of fuel, air and temperature through an "Askania" type control system;
(c) use of mixers; (d) use of a dolomite throwing machine.

Ukreipian SSR

Automatic control of temperature conditions of open~hearth furnaces have heen
widely introduced. Some of the control systems used for this purpose at the
Dzerzhinsky and Krivorozhstal works include devices for the automatic adjustment
of fuel combustion according to the oxygen content of the waste products of
combustion. Experience shows that the duration of heats can be reduced by 3 to
4 per cent and the specific fuel consumption by 4 to 5 per cent,

Purther progress is being made on automatic operational and organizational
control of the whole open-hearth shop by means of computers. Calculations show
that the expenditure on equipping a modern open-hearth shop with such a

centralised control system can be recovered in six months.
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SR
According to the information from the USSR, all open-hearth furnaces in that
country are equipped completely or partly for measuring and recording fuel input,
pressure and temperature at the roof of the working chamber, regenerator, flue,
and liquid steel temperature (the latter by immersion thermocouple). There is
also continuous recording of the oxygen content of flue gases. Automatic controls
are provided for maintaining the desired pressure of fuel gases and of oxygen, the
desired fuel/air ratio, and the desired furnace pressure. There is also automatic
reversal based on time, or temperature difference, or a combination of both.,

The availability of these automatic controls makes it possible to provide the
operators of the furnace with detailed schedules of furnace conditions to be
maintained during each stage of working the furnace charge.

The report from the USSR elsc montions as future aims the automatic control of
operations, such as weighing the slag-forming material and ferro-alloys, weighing
the slag and metal at tapping, control of the tapping operation, and mechanization
of sampling procedure, as well as many operational factors.

Papers from the USSR report how automation has improved roof life(zz) and

2
productivity ( 23)

United Kingdom
Since the war, rapid progress had been made. Open-hearth furnaces are now
usually well equipped with instrumentation and automatic control of the main
furnace variables, i.e, control of fuel input accerding to roof temperature {which
may be meesured in several places) and control of air/fuel and steam/o1l ratio.
Technical details of some of the control systems used in open-hesrth furnaces

(24)

have been summar:ized recently, Computers are now frequently used to analyse

ordinary product ion data from open-hearths; the results of one such study have

(25) (26) .
The use of a computer to plan the production of a cold

been published.
(
metal open-hearth melting shop has been described, [27)

Othe. countries

Although similar examples of open-hearth furnace automation receive only brief
mention in the contributions from cther countries it is known that such methods of

control are widespread, in both Europe and the United States. Thus, although no

specific information on the automation of open-hearth furnaces has been provided




1D/NGe14/28
9402.]34/

by the United States, many furnaces in that country are very fully automated; in
past years published United States literature contains many references to the
subject.

In many countries interest in steelmaking plant has shifted from the open=
hearth furnace to the newer OXygen processes, where, owing to their Speed of
operation, automation will play an important part,

Oxygen converters

Requirements for improved charging practice and centralized control are even
more vital in the case of converter steelmaking processes, Their speed of working
is such that process time is little longer than the time required for fettling and
chargiug. The absence of a fuel in this process, other than the hot-metal constituents
removes a vlauable control parameter from the process, so that if time and iron are
not to be wasted in after-blows, there must be close control of the quantities of
hot metal and scrap charged and also accurate knowledge of the composition of cach.
However, because of the relatively short period for which oxygen steelmaking has
been in wide use, information on the application of automatic control has been rather
limited; what has been made available is summarized below:

ECSC Countries

In the Federal Republic of Germany a method of continuous measurement of bath
temperature in converters of the LD type has been deve10ped528) A ceramic tube
containing a thermocouple is inserted through the converter wall. The French steel
research institute (IRSID) has given details of a technique for contiruously
measuring the CO and CO2 in the waste guses from a converter and for using this “ata
to compute the rate of decarburization of the bathszg) Both of these developments
are likely to prove valuable in providing information on which computer control of
LD converters could be based. An analog computer is used to calculate the charge
weight at the LD converter shop at the Royal Dutch Steel Works, Ijmuiden; a data
logger collects operating informution{so)

Japep

The use of data logging in LD converter process is not yet so developed as in
ironmeking, The most Promising advances seem to be the end~point analog computer
installed at Hirohata Works (Fuji) and the oxygen and raw material control computer

at Kawasaki Works (Nippon Kokan)s31) This latter is an on-line computer, getting
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some of its inputs directly from automatic sensing and measuring devices, The
system's loop is partially closed - the computer automatically actuates oxygen
flow control valves and hopper outlets for raw materinls, Nine mathematical models

are stored in the computer for a variety of steels, including alloys.(32)

Ukrginian SSR

Automatic control systems are being used on an experimental basis at the
Krivorzhstal steel works for the automatic tilting of the converters to maintain a
given carbon content, for the measurement of the temperature of stecl in the
converter, and for the switchboard contreol of converter steel production.
USSk

Oxygen~blown converters now in operation are equipped with BRU or REG automatic
regulators for the instantaneous rate of flow of oxygen, basing on the mcasurcment of
u pumber of parameters. In the next few years, most of the new converter shops will
be constructed to a standard design, with three 100-130 ton converters and an annual
production of 2.1 -~ 2,2 million tons. Such plants require a further progress of
automation, and a recent paper outlines a scheme for the complete automation of an
LD plant.(33)
United Kingdom

The new LD=-AC plant at John Lysaght's Scunthcrpe Works is highly automated.
The KDN 2 computer calculates for each cast the optimum weight of hot metal, scrap,
refining additions, and quantity of oxygen necessary to meet the required steel
specification and temperuture, thus enabling the operator to make the ultimate
decisions neededfj4)

United States of America

Information published in the United States in 1962 suggestod that an interesting
automation system would be applied *o the Kaldo converters being installed at the
Roomer works of the Sharon Steel Corporation, Farrell, Pennsylvania, planned to start
late in that year.35). The computer controls two, 150 ton Stora-Kaldo furnaces with
an annual capuacity of about 1 million ingot tons, Virtually cvery significant
steelmaking variable, beginning with order requirements and raw materials and ending

with the ingot is to be controlled by the system to give optimum operation, and

control of the materials entering the converter is very important, The Jones and

Laughlin Steel Corporation uses an anslog computer to calculate the proportions of
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rav materials which musi be charged to LD converters to tap a particular type of
steel at o specified tempcrature.(Bb) The Great Lzkes Stcel Corporation was
reported to be installing fuil computer control of its new LD installation with
275 ton vCSSuls,('T) Lut no newvs of progress hus heen published, Proposals tor a
nore advanced contrnal syslem For the converters at this works based on continuous

C i . 38
measurcment o the O and (0, content of the waste gases have been made( ) and

the teehnique of cas ep~lysrs proposed has been publi8h0d§39)
Bottonzblown conv.rt rs

A method o recording end integrating the total flow of blast to a bottom-
blown converter has been develnped in France.(40) Computers are used to control
the Thomas process Belgium(4l) and the Federal Republic of Germuny.(42)
There are only bric) references to automatic control of such converters in the
reporis frem conntries, mostly referring to items mentioned in the foregoing
paragrephs, Th VSSE refers to the control of converter operations according
to measurements made on the {lame, a method which is also used 1n Belgium and
France,

Other computer systems to control oxygen-converter processes have also heen
designed, o.pr. 2 cemputer called "Osear" by AEI Automation(43) and another called
"Frodac" by Wesvinghouse Elnctric Corp. (44) It is generally admitted that the
advanteges offercd by oxygen steclmaking cannot be fully exploited withnut computer

control. According te an American estimate, producers #ho contrnl an oxXygen

‘ o 45
converter wilh o Jdisnital coriputor stend o save more than 1 miilion dollars a yoar.( )

Steelmaling - clectric arc furpaces

The most impertant itom of automatic control, without which it would he
difficult - if not impossible ~ to operate an arc furnace with eny degree of
efficiency i auvtomatic control of elecctrode position. Inmproved methods of control,
giving more rapid rcsponse and greater sensitivity of control, have been introduced.
These lead to bctter elcctricai conditions and to fewer clectrode breakages. The
report from tne United Kingdom mentions equipment for automatically programming the
power input +, the are, so that tie maximum proportion of the heat gencreted is
usefully absorbed in “he charge.  This hes recently been installed for trials on a
number of production Furvacos.(46) As a result of the improvements shown in povwer and
electrode consumpiton per ton and in refractory life this method of control will be
more widely uccu. A few large arc furnaces have been equipped with thermocouples in

the hearth bottom fror which isothe-mal liagrams can be drawn. These records enable

melters to keep the frrnace bottom in good rejseir,
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A Ferranti Argus 108 computer will control the power input to six 40 MVA electric
arc furnaces at the world's largest electric melting plant at the works of Steel,
Peech & Tozer in Rotherham, United Kingdom. The computer plan is to control the power
input to furnaces adjusted to both a production programme and availability of power.
It is also to log continuously the process variables, thus enabling analysis to be
carried out at a later date. The installation of this system also helps to meet
the obligation of the plant to shed up to 25 megawatts of load on demand and after only
five minutes' notice547)
The report from the USSR mentions the various items of automation equipment which
should be found associated with elcctric furnaces and which are used in .that country.
In addition to electrode position control, various devices for minimizing electrical
losses by better control of the electrical system are being brought into use. There
are improved mechanized methods for changing electrodes. Mention is made of an
automatic immersion thermocouple which periodically measures liquid steel temperatures.
Several countries report the use of thermocouples to measure refractory wear.
Also electromagnetic stirring of the bath is widely used; it is not stated whether
this is put intc operation automatically (e.g. according to measurements of bath
conditions) in any plant, but such a method of operation can be visualized.
An interesting example of automation applied to ingot mould preparation is
found at the new Tinsley Park works of the English Steel Corporation in the United
Kingdom. Steel, melted in big electric~arc furnaces, is fed directly to the rolling-
mills in ingot sizes of 2.5 tons to 5 tons, A unique system has been developed for
the automatic shot-blasiing of hot ingot moulds. The ingot moulds pass automatically
on motorized trolleys, which run on a continuous circuit, through the various stages.
Once placed on a trolley, the mould is handled automatically. The various moulds
stop automatically at the appointed cleaning station end selecte the correct shot-
blasting cycle, The speed of the rotary blast head is controlled by an clectronic
speed selection gear, which in turn is equipped with & time clcck to regulate the
dwell period. The system is also equipped witp a special eir-cooling device for

the handling of moulds at high temperatures.(48)
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CHAPTER V

ROLLING OF SEMI-FINISHED STEEL, PLAIES AND SECTIONS
Soaking pits and reheating furnaces

All modern soaking pits are well equipped foir measurcments of temperaturc, fucl
and air flows. Considerable cdvantages have been rfound to arise from control of the
chimney draught automaticully linked to the pressure in the heating chambey, This
leads to saving in fuel ond reduced scoling losses. The lotter is not, always 100
per cent advantageous as sometimes scaling losses help to remove surface defects
in the ingot. Fully automated soaking, pits with ecquipment along the above tines oare
to be found in several countries, aud are specifically mentioned inp reports from
Denmark and Czechoslovakia, In the United Kingdom an on-line computer has been
ordered to control operation of the soaking pits at the works of Swmuel Fox and
Company Limited, near Sheff.ield.(49) A speeding up of heating rate by 15 per cent
and a fuel saving of 12 per cent following automation have been reported in o

paper from the USSR.(SO)

Similar forms of control are to be found in slab and bloom heating furnaces for
plate, sheet, and section mills, with the additional controls needed by the fact that
these furnaces are gaenerally divided into temperature zomes. Automation of such
furnaces is mentioned specially by Yugoslavia, It is intended to iustall on-line
computer control of slab reheating furnaces al two major works in the (nit.d Kingdom,

Apart from the above, there is little mention of this part of the iron and steel-
making process in the national reports, Italy mentions the items described above,
and the Federal Republic of Germany refers to study of programme control of the fucl
supply to reheating furnaces fur heavy forging ingots. since heating costs are a
major part of forging costs and temperature control is impurtant to avoid cracked
ingots, this latter oxample of automation would scem to hove umportant advant:pes,

Primary mills

In at least two works in the United Lingdom and in one in Italy the buggics
transporting ingots from the soaking pit area to the primary mill delivery tabic are
equipped with remote position control so that the buggy can be accurately positioned
at a station which is well out of sight of the operator, The positioning accuracy

achicved is approximately 0.6 m in 300 m of travel,
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A simple form of automaticn of the roll screwlown movement in primery mills is
being used cxtensively in many countries. The basic principle is that the appropriate
sirnals to the screwdown motors are stored either on punched cards or tape, or on a
plug board, separate programmes being constructed for ditferent kinds of stcel, ingot
size, bloom or slab size, and so on. The Czechoslovakian Government rcports that such
systems, using punched cards, arc in usc in blooming mills in that country.

The use of magncetic tope in conjunction with electronic computers to derive
performance, energics, rotational speed functions and efficiencies has been described
following investigations on blooming/slabbing mills in the Federal Republic of
Germzmy.(su This technique should help in the study of rolling-mill procedure and
enable cutomatic control to be designed for optimum rolling conditions. A series of
papers on the designs of programmed blooming and slabbing mills in the Federsal
Republic of Germany was published in 1963.(52)

France reports thot for screwdown in a primary mill a static prograommer is used
which carries cut the desired programmes with the aid of a ten-position switeh unit,
The decimal display system applied facilitates greatly the opetrations, The opcrator
scloets one of the ten available programmes. fThe dimensions can vary from O to 999 ma,
The Mnext dimension™ of any Porthcomine pass is written on the cperator's board in
numerals and lights indic:te when a pass is over, If necessary, the operator can omit
some passes and he cin also make corrections of 1 to 2 mm if calibration is slightly
defective, The olements of the main circuits of the system arc continuously verified
by four automatic control devices. The results are an increasc in the rate of
production and in thc uniformily of produets, - decreased burden on the operator and
the possibility of perfect repraduction of programmes,

Italy has provided information on the punched eard control of a primary stand at
the hotestrip mill at the Cornigliane Yorks of Ttelsider.

A detailed deseription of » programmed installation has been reported from Sweden
referring to the slabbing mill ot Surahammars Bruks A.B. Por each combination of
steel analysis, ingot size, and slab dimension, the optimum rolling programme is
calculited and programmed on a punched eard. The card is fed into a computer which
sets the spacing of both the main rolls and the ¢dging rolls. The computer also
controls the speed ratio between the edger, the two-high mill and the roller tables,

A similar type of installation is to be installed at Taranto in Italy,
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The Government of the Ukroinian SSR reports that over the period 1960-1963
contactless control wes introduced for the main clectric drives and for the drives
5f theprincipnl mecchanismns of the 990 reversing mill and the 1,150 blooming mill
at the Dzerzhinsky works, These control syst.ms heve considerably improved
performance and increcsed reliability. %ill output has risen by 2,5 to 5 per cent,
Pigiiel systems have been introduced for prugramned autumatic contrcl of screwdown,

There ere numerous programmed primary mills in the Unitod States, e.g. the
slabbing mi1l at the Inland Steel Co., ncar Chic:zgo.(s” 4t the Armco plant in
Heouston, & 160 in. slab and plate mnll's operations are cumpletely controlled by a

Wostinghouse computer, Conversion from slab to plate can be made within less than

At the Steel Compeny of Wales Limited in the United Kingdom, the width of

stecl slebs will be measured by light beams registering 1n a tclescope the angle
of which is used as a meusurement of the slab ﬁdth.(ss) At the new works of the
Park Yate Iron and Steel Company Limited near Sheffield, the rolling programme at

the blooming mill is selected by computer in accordance with ingot weight and the
(56)

required bloom size.

Sillet and structurrl mills

available information comes mainly from the USSR, the United Kingdom, and the
United States,

The USSit Government reports that at the lagnitogorsk integrated stcel works
a¢re is a continuous bhillet mill, with a 630 mn set of stands folluwed by a 450 mm
sot of stands. iength of piecc coming from the 630 mm stands varies between 45 nnd
60 m;  lenpth of picce coming from the 450 stands may vary up to 30 per cent below
the maximum length of 350 w, For officient shearing of billets an automatic method
with optimum programming is applied. 3efore the application of this system wastage
only in the form of trizd.ngs «nd uneven leugths was at an average 2-2.5 per cent of
total rolled, “With the applicaticn »f the Stal I specinl computer this wastage has
been reduced by about 87-92 pcr cent.

The principle of the operution of the systom is to shenr the cptimum number of
billets of a strip of a given length, manoceuvring within the teclerated limits set for
the length of onc billet. For a singlc viece, the machine works out a shearing

programme in 0.5 to 0.7 seconds, The machine - consisting of the computer element,

T

feeder, control pancl, punch, switchboard and instrument pancl - works without humsn

intervention,
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In the United dingdom, the reversing billet mill at the Hallside works of
Colvilles Ltd in Scotl:nd is operated by a punched card system in which the complete
sequence of screwdown, manipulat.r, mill spec! Lo {'fiys and number of passes is

(57) -

stored, Scveral wurks use o ocomputer to cnlculate the optimum shearing of the

complete billet lenpgth int . the ordered lengths so as to minimise scrap; an example

(58)

is the computer installed ot Samuel Fox & Cempany Ltd., Sheifield. A particulerly

interesting installation is the ney continuous bill -t mill ~t the Scunthorpe works of
itichard Thomas and bBaldwias Ltd.(sq) Plexipility in production planning to meet the
mnrket needs required thet changes in rolling programmes should be mule in two minutes,
The mill has complite programme s tiing cquipment te allow « programme to bo pre-set
during relling :nd the chenge inititoed by push=button, The flying shear has a lengthe
settin: coutrol which eliminates tri il cutting. .An optimum yield computer mukes use of
this -~ud of cut length tolernee to scet the cut length te give minimum scr~p from anch
picce rolled, Continuous inspection lines with wutomitic cliseifiers nire used to
inspect and sort out billets in the manimum spa . The control systems of .11 the
drives and the operation of the optimam yicld computer and the classifiers are
described. Opir-tion-l pertformene. i: comp.red with the design figures,

A much vore comprohiensise intermntion hendling system is on order for a works
which will provide tor vhe collection and —utom:tic co=ordination of 111 the relevant
production infurm tion in -~ billet wd seetion o1l and includes utomatic actuation
of the displiys which <1ve fustructions to the operntors ut ench processing station,
The process information -nd the instructions to perators wre carricd tforwerd from
stotion to stution on punched tope, he informetion on the tape bheing utomatically
displuyed 1t oneh stotion with the wwldition 1 informetion from th:t stition added to
it, The initicl tope conteining order number, enst number, 1ngot serial number and
precessing instructinac, is prep-ored rutom-ticzlly from o punched card =nd the total
informaticn coll.ved o1i vhe tape 1 the end of the process is automatically converted
on te punched c:rds wud printed cat, rintecut of dota at some intermedi ite positions
is nlso provided. 7The systen provides for twenty statioens for eovllection of
information from the line and nbout the same number of points of nutomntic display of
instructions. The trtal number of digits handled is over 300, covering over 100 items,
Six poge prints are furnished and the final one, susmarizing all the commands and

subsequently recorded informetion, cumprises {ifty-five digita spread over twenty-three

itenms,
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There is punched card control of the structural mill ~t the South Chicago works
of the United Stotes Steel Corporntiun.“o) Prescelected date stored on cards control
and scquence forty-three operationsy s meny ns twentyveooc prsses through the five
stunds can be progrommed.  The new structur:l mills built in the United Kingdom are
provided with reans for prosettine the roliing serewdown prugraane, cv.g. 1n the
structural mill at the Lickenby woerks of Dormin Lens and Co. Ltd. this is done on a

(61)

slider bonrd and at the Lanorkshire Stcel Co's works the entire rolling is
controlled by one punh—buttun.‘hl) demote positiun control is alsu Leing used to
pusition sow stops on the cuteup tables 1t the end of section mills., m the United
Kingdom wide=flange berm mi 1) mentioncd above, the saw stops ure positioned from push
button settings, giving an ceenraey of 6 mm over 2 total length of 20 nm,
lhere is » similer push=burton control system 2t the universal benm mill of the
Fuji lron and Jteel Comprony's Hirohaty works, Jupnn,
Plute mills
The report tron sweden describes how the scheduling of plate manufacture nt
Oxelosunds Jarnverk is carried out by computer. The plate mill consists of the
following main equipmenty
(a) souking pits
(b) 42-in, twe-high mill for rolling slabs of maximum 1,500 mm width
from maximwn 22 ton ingot
(e) slab reheniing furuace of a henting capncity of 100 t/h
(d) reversing four-high tinishing mill, 920/1,550 mm g roll longth 3,630 om
(@) cooling beds
(f) continuous shecring line,
The planning carried out by computer includes for the moment only prescheduling. At
a later stage any nccessary rescheduling of ingots, slubs nnd plates for other orders
will also be undertnken by mcans of computer,
The prescheduling includes the following stepss
{a) Incoming customer orders cre punched on paper tapes. The topes are fed
into an electronic computer on which the information is stored on magnetie
tapes with o capoacity of ez 60,000 ordes positions corresponding roughly
to one ycar's production;
(b) Thre computer calculates extras according to alternative price lists;




(¢)

(a)

(e)

The order forms complctod with quality code number and current numbers
for identification ~re stored vn magnetic tapes in the computer forming
a "production order register". The sam~ information as given in the
order tapes i= punched on a puper tope and is also written in clear
writing by means »f o telex machine;

The productinn order register 1s completed with data about delivery

time, thus formirg in "operation register" which is nlso stored on

magnetic tares in the couputer;

The computer then starts the detail scheduling

(i) The indiviiual pintes speeificd by the customers core
combined to sl b~ of optimum size and o "slab register",
storcd 1n the computer, :s thus built up;
(i) From ‘he slab reprister usable slabs in store are sorted outy
(444) The remaining slabs of the register arc combined to ingots
of which {our standnrd sizes are used. an "ingot register"
is thus forwmed -nd stored in the computer;
(1v) The rollint scquence of the ingots within the rolling cycle
(determined by the intervals between the necessary choange
of wourk reolls) is seheduled;
{v) Ingots ira sterc .re also scheduled into the rolling sequencej
(vi) Ingots thot <r planned to be *aken from the store are sorted
out irom the infrots regisieis

(vit) Remninin; ingets nre combinea Lo melivs formding a "melt register®
storvd in the computer, In connexion with the ingot scheduling,
the testing of *“he materinl is nlso scheduled according to
the speciticotion of the clussifying socicties concerned;

(viit) The melt register is punched on cards. Tthese cnn be sorted
according vo difterent needs or wishes « voge accurding to plate
dmensions, siecel quality and so on, The information on the
cards is written in clear writing on lists, constituting the
prograsme for th. melting shop znl roliing-mills respectively.
These mwelt Jists contnin information for which specification
plates an! melt are intenced., ¢ something goes wrong in the
melting plant or in the rolling-mills the necessary ndjustments
in the welting an' rolling programme cen be done. The whole
scheduling process, »s 'escribel, cnn be performed twice a week,

which corresponls to the expected muximum number of rolling cycles
in the =2nme tixe,
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Regarding rescheduling, the company plans to have several stations for
registering the errors at suitable points in the production process. By weans of
teleprinters at these points information is transferred to the computer about in
vhich respect the product differs frow the aimed standerd e.g. analysis and weight
differences; type and location of surface and rolling errors. The computer gives
information about the most suitable (economic) purpose for which the "defect"
material (a melt, nn ingot, n slab or a rolled plate) ought to be used and also
starts scheduling the production of substituting material.

Vith automation the company is aiming to obtain the following advantages:

() Higher yield both as a result of pre-scheduling and also to a still

high extent of the future rescheduling;

(b) Higher ovutput of the rolling mills resulting from optimum ingot and

slab weights. The number of necessary slabs for a given production
on a tunnage basis is calculated to decrease by some 20 per cent;

(¢) Lower costs for material handling throughout the whole production

process as a consequence of bigger sizes of ingots and slabs,

As the company hns used a scheduling system including computers practically from

the start of rolling operation in the newly built Oxelosunds plent, it is not possible

to make any technical and economic comparisons with a manual system., The investment
cost is obout 500,000 US dollars, Only standard apparatus has been used.

In the Unitod Kingdom, BISRA is at present designing a computer control system
for a plate mill in which measurement in the early pnsses will give intormation on
the herdness of the piece so that the computer can control the programme for the,
rest of the rolling operations. This should improve dimensions anl increase yield,
This work is part of n large project aimed at complete antomation ot » plate mill,
Consideration is ~1s0 being given to the use of n computer for calculating the
best shearing progromme to produce ordered sizes from the plate ns rolled., The new
universal plate mill at the Middlesbrough works of Dorman Long and Co, Ltd, will

have full on-line computer control.(m)
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In the United Stntes, o computer-controlled plate mill at L\ﬂtens(“)

has
completely automatic sequencing of mill operations during rolling and the intermediate
screwdown settings, calculated from the dimensions of the slab and finished plate,

are set automatically during rolling. A computer-controlled plate mill to be
installed at the Gary works of US Steel Corporation has also been described in the

litera.ture.(bs) The plate mill at the Gadslen works of Republic Stzel Corporation

(66) The

plate mill at the Sparrows Point works of Bethlehem Steel Company has autumatic

has completely automntic operation under punched-card programme control,

screwdown under punched carl programme control and an automatic control system to
ensure maximum utilization of the main motor.(bﬂ
At the four-high plate mill of the Mont St-Martin works in Fraace, automatic
control devices for controlling edge thickness have been developed.(68)
Remote position contrul of screwdown in plate mills is mentioned in the report
from Yugoslavia,

Light section mills, bar mills and rod mills

According to the report from the United Kingdom, mechanizaticn is highly
Jeveloped on modern high production rod and bar mills. As yet, little automatic
fecd-back control is applied in production, but automatic gauge control is under
development. At present, photucclls located nt the mill initiste operation of flying
shears to crop the front and rear end ¢t the bar, Photoelectric cells also initiate
the action of rotary shears to cut a bar into lengths after it lenves the bar mills,
actuate guides to deflect the cut sections onto roller tables, nnd actuate devices
to lift the bar onto a cooling table,

Examples of such modern miils in the United Kingdom are the light section mill
at the Dalzell works of Colvilles Ltd.,(69)
the Park Gate Iron and Steel Co. Ltd.,”o)

the bar mill at the Roundwoo<! works of

and modern rod mills in Carditf{ and
Scunthorpe. The three-bigh bar mill at the Cleveland works of Dorman Long (Steel) Ltd.
is controlled by progrummes pre-set on n plug boa.rd.(71) An example on the Continent
of Kurope is the new mill at the works of Gebr. Bohler, Kapfenberg”z) an! a modern
wire-rcd mill in the USSR hns been lescribed by M.L, anasuhinakii.”” Automatic
operation anl speed control of individunl stands of hot narrow strip and bar mills is

reported by Italy,
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Some of these mills, as with the billet mills mentioned earlier, have

computer control of the shearing to give maximum yield of sold product, i.e.

minimum loss in short ends. For instance the section mill shearing at the Shelton

Iron and Steel works in the United Kingdom is controlled by a KDN 2 computer. An
automatic measuring stop for a hot saw has been developed in the United Kingdom. (75)

Some light sections are formed from strip and a computer can be used to
calculate the optimum form to combine strength and lightness.




CHAPTER VI

WIDL-STRIP MILLS

Wide-strip mills

Drabably the greatest advunces on mili avtomation have been made with the
vicde-st=ip mills producine sheci for wutamonil. bodies and the numerous kiunds of
light steel precsings requi-ec ior industria. and domesilc cquipment. it 1=
undc~stardeble thut this shouls Le o besause for “biw product quality 1s parti-
cvlarly eritieal, and natters such as zsuge atif.emity, wecurat:. speed control
hetween thie various standd, end contro! of sirip temjeratur: are amportiant. One
of the most important advances hos been (utomatie gaupe conitrol by which any detected
deviation from gauge is signelied backk to eith-r the screwdown or tensioning operstion,
This war first developed for cold moits by the Britich fron and Stecl v search
Association some ter years ago, #add Tapadlsy token up tn the {nited States, where con-
siterable progress has been made 1n developing 11 Jor hot migls, . considerable
awLust o information haz % em providel by Goverbments, and this 1s sumnarized belows
Austyae

The Austrian Government hes provided deinated 1mformation about the sutomatic
gaue couirol system nusel at the Voort works,

il

The Jovernment of taly hag providel very complete descriptions of the "hxatest®
urits used in that country to messuse botb thicknesa aad width of strip. The pride
ciples are bhnged ou iiie use o1 A-rays lor thicwr -sr, and of optical-cum-electronie
m.:thody for widths meczurements,

An earlier repoct fr-on '*nl. says that coid-rolling millz ore provided with
rutozatic gauge control actuatel by signnle frem 4 B-ray thickness gauge, and can aot
on the speed of the lasi yiand ano on vbe serews of the first stand to regulate the
tension between the stands and therofore th: strip thickness, Autometic control
deviees are also used for tension cuntrol during straip uncoilling and recoiling.

There is slso automatic control of Sendzimir cold mills.
Japan_
Information cn the state of wutomation at the Japaneze strip mills was reperted

by a tcam from the United Kingdom which visited Japan in April 1963,
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As far as ocould be ascertained, no hot-strip mill was operating with full
automatic gauge control but both Fuji Iron and Steel and Sumitomo Metal Industries
were operating automatic control by speed on stand 6. most of the strip mills
were semi-continuous and considerable progress has been made in thc application of
puniched-card or push-button programming of reversing roughers,

v was evident that the electrical manufacturers were sufficiently advanced
with the collection of opersting data to install automatic gauge control on new mills
under construction. American-made controls were sti)l highly favoured since it was
felt that they had a significant lead in "know-how",

Data logping equipment had been installed at only one hot-strip mill - the
80 in, 6-stand mill of Sumitomo Metal Industries, Cold reduction mills were fitted
mainly with conventional automatic gauge control systems, Closeness of conlirol was
comparadle with current performances in the United Kingdom and the tail-end gauge
problem was less severe only to the extent that Japanese hot-mill run-down was fairly
satisfactory. The 5-stand cold-reduction mill at Chiba Works (Kawasaki Steel
Corporation) had a Britishk system of automatic gauge control which was heing com-
missioned during the visit to the works, Altogether, eighteen installations of AGC
were in operation in Japanese strip mills at the time of the visit,

Data logging appeared to have been installed only on the 6-stand mill at Yawata
and the 4-stond m1ll ot Amagasaki, though further work was going on prior to placing
orders fcr other plants.

Sweder

Information from Sweden, received early in the course of the work of the group
of experts, roferred to the automation of the S8teckel mills which are often used
where the throughput required does not justify the use of 2 continuous multistand mill.

This describes the equipment installed at Surahammars Bruks A.B. The speed of
the mill's main drive motors, as well as the speed of thc heated coilers, the roller
tables, and the end coiler are wutomatically co-ordinated. The tension of the strip
during rolling is automaiically controlled; starting and stopping of the strip at
the different passcs is also automatically controlled by & combination of photocells
and air-operated units. The mill is equipped with automatic geuge control on the
BISRA-Davy-United system working with constant holding of the distance between the
work rolls. A continuous radiation automatic thickness gauge feeds back impulses

for correcting the automatic gauge conirol. However, the reduction of the separste
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passes is regulated manually, Automatic co-ordination of the speed of rolls,
coilers, and roller tables, as well as automatic control of strip temsion, must be
considered almost as a technical necessity, The thickness tolerances are guch
improved with automatic gauge control.

The report says that automation of the Steckel mill coupled with that of the slabd-
bing mill of Surchamoars Bruks, ..,B, montioncd in chaptor V has incroased productivity by
25 per cent. Investment costs are about 200,000 US dollars.

A reversing cold mill for stainless steel sheets (width up to 1,250 mm) at the
Avesta works is automatically controlled in the same way and with the same type of
equipment as used in the hot mill at Surahammars.

Ukrainian SSR

The report from this Government mentions an sutomatic speed regulator for the
finishing train at the Illich works, Speeds can be maintained within 1 per cent of
the desired figure, thus improving gauge and simplifying the work of the operators.
Automatic gauge control will be introduced at a numb‘er of strip mills during 1964,
Research is in progress on the possibility of using a computer to control the
finishing train and of developing an over-all automation system for the entire mill,
On one reversing cold-rolling mill new automatic temsion and speed regulator systems
(using analog elements) and new automatic slow-down and reversing systems (using
digital equipmert) are now functioning operationally at one mill, where AGC will also
be fitted, The introduction of these systems has increased mill output by 20 to 25
per cent and improved the regularity of strip gauge.

USSR

The report from the USSR mentions the neced for more accurate measuresent of

strip thickness and points out that the contact, pneumatic, and induction micrometers
formerly used are no longer good enough. The use of radioisotope devices which
measure the thickness by absorption is recommended. Using beta and gamma ray
absorption the ITU-4{95 and the ITSh-496 devices measure sheets of & thickness between
0.03-0.8 and 0,05-1.0, respectively, with a margin of error of tl.S per e¢ent of the
thickness measured. For 0,4-3.0 mm 001d sheets the IT-5250 is used with the same
margin of error and a measuring time of 0.2 seconds. For the measurement of the
thickness of tinning the ITP-476 is used for tinning of 0-5 microns, with a margin of

error of + O.1 micron, Checking with this device is rapid acd accurate, Tin

consumption is conscquently reduced,
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(76)

It is reported in the literature that in a Leningrad steelworks automatic
gauge control is upplied to a four-high cold-rolling reversing mill, This meuasures
strip thickness as the gap between the working rolls of the mill, using the stand
itself as the micromcter in order to e¢liminate time lag in measurement, Correetion
of the system's errors arc done through a system consisting of two tlying micrometers,
an electronic petentiometer, a pulse gencrator, und an amplifying intcgrating deviee,
United Kingdom

At least six single-stand reversing cold mills ranging in size from 9 i1n. to
48 in, width are operating with automatic gauge control, viost of these use the
BISRA gaugcmeter (a system in which gauge is computed from roll foerce and screw
setting) to monitor gauge and initiate corrective action on the mill screws. Others
use a flying micrometer or an clectromagnetic micrometer to monitor gauge, At
least four multi-stand tundcm mills are working with an automatic gnuge control system.
The control systems differ in each case as they are still the subjeet of development
work, The preferred arrangement appears to be to measure gauge at stand 1 using
a gaugemeter at that stand or an X-ray gauge following 1t, and to usc the signal to
control the screws of stand 1, In addition, the gauge is measured after the last
stand and this signal is used to control the tension between the last two stands.
This interstand tension is automatically maintained within desired limits by control
of the screws of the last or penultimate stand, Another system in use employs a
sampling servo technique in which interstand tensions are automatically comtrolled
at desired values by control of the screws of cach following stand and the entry
specd is automatically controlled according to the strip gauge leaving the following
stand, The time delay through the mill is taken into account in the design of the
sampling servo, On at least one reversing cold-strip mill a systcm of automatic
reversal of the mill and its reelers at the end of each pass is in opcration and
has resulted in an increase of 10 per cent in the mill throughput over that achieved
with manual control of reversal. The system is based on counting the turus on the
reelers at each pass so that when uncoiling from one reeler a signal can be given to
initiate decelcration of the mill automatically at just the right time to bring the
mill to rest when therc are still one or two laps on that reeler, The improvement

in throughput comparcd with 2 human operator is due to the man's tendency to start

slowing the mill too soonm for ecach reversal. 4 description of the system used st
one 3-btand mill in the United Kingdom has been publishcd.

(17)
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The Steel Compuny of Wales has ordered a digital computer which will be connected
directly to a 4-stand tandem mill whieh it will set up antomatically, In addition
it vill supervise the automatic gauge control. The oncrator will feed in the values
of gauge, width and quality of thc strip, and th¢ computer will calculate the required
tensions and .«duections a. each stand, (78)

A start has 2lsc been made on the more A1fficult problem of hot-mill automation,
The compiate programme for ihe Spencer Works of Richa:d Thomes and Baidwins Ltd.,
referred to in chapter II, invelves of ccurse a con-iderable degree of hot-mill aute-
mation, The tasz ot The hat-strip mill controtler will be to carry out the final
roiling programa~ prepar.: by tue finishing-cnd scheduler itself prepared from reports
from the ingot ta slab controllcr, The hot-mill controlier will report back the
gpecifications oi <ich coil produccd, enablinp the scheduler to take corrective
action if any caoil Jdoparts from specifieation, A reeont roport seys that the auto-
moied crop shear at the finishing ¢nd of the mi)l has reduccd cropping losscs by
aboaut enc hn.lh(?g)

The Stee. Company of Walcs Ltd, ure also instaliirng a computer to contrnl their
80 in. hot-strip nill.

One of thce most intercsting developments in the United Kingdom ie the production
of a mechanicel systen of nutomatic gauge control (controlling roll gap) in a hot

mill, insveed of exvensive ciectronic gear normally veparded s necgessary, A brief

(30)

’
desceription of this syatan was publicized recently, Signals from an X-ray

gruge et the oxit vnd of the miil ar- foed into » mechanically op reted static switch-
in;, system cccupyving about one-seventh of the space required by the computer techniques,
the direction o1 chenge of each roll pep ia stered n the logic circu:itry of the

s.ztic switching, while the magnitude of change is stored in the movement of o
differentiel umit which, after making thd necessary adjustments to bring th- strip

to the correct gnupe, autumnticsily returrs ithe roll gaps to their initial scitings
ready for the untry of the neat.slab In doing so, nccount is tekey of roll wear

and other factors which normully nceed eelculation. With the equipment, gauge is
maintained within the limits of two thousandths of an inch c¢ither way, even in siliocon
steels,

United Statcs of America

No information on the automation of wide-strip mills has been transmitted by the

lnited States Government, no doubt because progress is well documented in the
rublished literatur:, What is claimed to be the world'sy first computer controlled

hot-strip mi)l has becn operating at the Trenton, Michigan, works of the
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decLlouth Steel Corporation since November I%Zfsn Other American roferences to

sutomated hot-strip mills are given at pumbers (82) to (85) in the bibliography
at the end of the rcport, One spceific installation mentioned is the 1,120 mm

semi-continuous hot-straip mill at the¢ Aliquippa works ncar P1tisburgh where punched

(Hh)

cards are used tou control the serowdown and other mill coutrnis, The 8)-~in,

hot-strip mill bring built by the Bothlehem Stecl Company in Indiana will be con-

trolled by compuicr; this mill will huve o number of original control i‘vatur.:a(an

many cold mills in the United States arc fitted with automatic gauge control,

Information ou » data-logging system applied to a en'd will has been published,(u)

also a description of an installation in Canadaggq)

It is not possible in this report to mention more than u very few of the

1
1

numerous references to mill automation in the literature but, the serivcs of papers
given at the Internciional Seminar on Automstie Control in the Iron and Steel Industry,
held at Brusscls in February, 1962, includes a nusber on mill automation,

Sheet and strip processing, coating and finishing

The report frum the Austrien Government mentions two examples of cutomation inm
this ficld. Fully automatic control has been provided for a sheet-picking plant
where twelve transporters move on a circular track on which they have to perform
four prescribed movements - i,e,, there are forty.eight commands, Thes« sre performed
by means of a programme control which not only actuates the required movements but
also provides for variable pickling times,

Aother intercsting development is an sutomatic sorter #t & shceet shearing line
which detcets surface defeots and errors in gauge, as well as performing automatic
oounting of sheets,

A report from Italy refers to mcasurement and control of temperature, electrolyte
congentration, ond current density in electrolytic cleaning and «lectrolytic plating,
Autosatic control and line specd, loopimg arrangemcnts and tension on recorlurs are
found in continuous pickling and annealing,

According to the report from the United Kingdom, {inishing proccssis such as
electrolytic tinning lines, cleaning lines, and strip galvenizing iincs, are generslly
well instrumented as regards the main process parameters such ar furnace and treatment
bath tempesatures, line spceds and tensions, coil build-up, currents fud to electro-

lytic pickling, cleaning, plating and flow aelting stag.s, Elzctroplating currents

are automaticelly controlled accordiung to line speed, strip width and desired coating

weight, Flow melting current is also automatically controlled according to line speed,
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#.. vhotoe21ls monitor the position on the strip at which melting of the tim ooating
occurs, Automatic on-line inspection devices are commonly installed to detect
defects in tinplete such as off-guage (using B-ray gauges) and pin holes (using
photoelectric techniques), X~ray fluorescence coating thickness gauges are coming
into use, Singl: sheet clussifiers are in nperation which automatically deflect
sheels into their appropriat. stacks at the ¢nd of the line according to the signals
from the pin hole and nff-gouge det:ctors. These employ magnetic drum memory devices,
al.hnugh a more recent development is the use of a shift rogister for the purposc.
Meihods of in-line detection nf tinplate surface defects are under development, nusing
¢losel circuit televisiou combined with nptical stopping of the moving strip by
stralosenpic techniques, On strip-galvanising lines a back scattering B-ray technique
is uscd to monitor, in-line, the zinc coating weight. For sheet inspection lines, an
altrisonic techoique for in-line detection of laminations has recently been developed
and wili soom be in scrvice, On recoiling at the end of a strip-cleaning or annealing
Line it 18 desirable to make o coil with smooth sides so that strip edges are not
damiged in handling. This is now being achieved by an automatic control on the coiler
vhica moves the coiler along its own axis according to o signal obtained from a device
- nzing the position of the strip »dge. Thus, as the strip wenders laterally due
ty vasiations 1n trecking, the coiler spindle moves automatically to follow it,

Advanced forms of sutomation are installed in the United Statcs on some continuous
arncaling lines for tinplate. For instance, at the Aliquippa works of the Jones and
Latghlin Stecl Corpany, an «lectronic computer ocontrols production end quality on a
hew eontinuous annealing line which started operation in 1960.(90)

Some eleetrolytic tinoing lincs in Japan ar¢ provided with data-lngging equipment
of United Statcs manufacture,

Cemeral articles on automatic inspection methods for surface quality and defects
have appeared in the (nited Kingdom (91) and the United Statu.”z) (93)

Automatic tempcrature control is an important feature of heat treatment furnaces,

aad prngramme comtrol by means of a card cut in the appropriate way has been well
known for many yeuars, Automatic methods of atmospherc control are also roporm.(”)




CHAPTER V11
OTHER OPERATIONS IN IRON- AND STEEL-MAKING

Contihuous cast inl

Continuous custing is making rapid progress as an il ternative to primary rolling,

Successful operation of a continucus casting plant at high rates oi cutput requires
¢ consdderable degree of automation, particul:rly s rewards the level of the selal i
the tundish and mould, In the rec o rt troan the USSR 1t 18 stated that the level -t metal
in the tundash (1ntermeutate lucdle) 18 controlled by continuous wosghing ot the setal in
the ladle,  In 2 later report the USsh paves tull details of levices ty which the level
of metal in the mould 18 measured by eulssion fram caesiom 137 1 cobalt A, abhsarption
of which 1s measurcd at various levels and used to contrel the met sl 1w,

This appears s1ailar to that used 1n the United Kingdom, where a method torp
autumatic control of the level ot metal in the nould by yeradiaticu from caesium 137
or cobalt 60 was developed at the Barrow cont inuous castatg plant an 145K,

The report from ftaly gives detalls of how autumat Lo cutting of contnuously
cust billets invc the required lengths 18 performed at the Terni Works. During descent
the billets specd 1x measured by contact rollers whick regulate the speed of descont of
the oxyeacetylone cutter,

Forging presses

autumation of these 1% referred to in the report from the Uuited Kingdom., The
cperation of o torging press requires the use of skilled labour 1n arducus working
conditions, This 1s & situation 1n which sutomation can offer particular advantages,
and there have been considerable advances recently in forging press contrel technology.
Remote position contrel enables the forging tool to be preciscly posttioncd ot vach
stroke and o high rate of strohing « be achieved, The oanipulator can be samilarly
f1tted with remole position control te locate the workpiec: 1n the press,  With these
facilities the operation of the press tool and ananipulator can be antomutically
controlled and co-ordinated according to u predetermined prowramme of f.aping,  This
has been dine on an experimental press &t BISRA, Shetfictd, At least five production
forges are in operation with remote pesition coutrol of the press tocl ac az 1. comtrol
the penetration asutomatically, One of these, a light firge recently installed, come
prising a press, manlpulator and furnace, 1s arranged so that the manipulator is on a

turntable and tue pross and furnucc are located on extended Jiameters oof the turntable
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and at 90" to cach other. By this arrangement the nmanipulator can enter the workpiece
into the furnace, withdraw it, and then by rotating through 90° present the workpiece
tc the press. The turntable wd furnace ° or as both pushebuttcn controlled., The
autenatic prsition control on the press thol pornits automatic planishing at up to 120
strokes per minnte,  The first ainstallation comprising a remote position control
controlled press and o remoto controlled nanipulateor, sc allowing one-man operation,
will be commissioned soon,

At the 1,50 ton press of Henry Wiggin & Co,, Hereford, England, one set of
punched cards autematically operates both press and manipulator. Automatic control
of a high-spced manipulator and integrate! 800-ton press is found at the Ince Furge

Yorks of Parks Forye Lt-l.("b) Programmed control of 4 3,000 ton press at the werks of

A, Finkle & Sons, Chicago, United States, has been repnrte«j((ﬂ) an

4 at Dusseldorf in
the Federal Republic of Germaimy, a 630-ton opun 1e forging press 1s automatically
controlled from a desk by means of a digital measuring system.(qa)

As mentioned in Chapter V, study of the programme cuntrol of heat supply to
reheating furnaces for heavy forging ingots is proceeding in the Federal Republic of
Germany.

Analysis, teutix! and ipspection

Although, as far as is known, chemical analysis of metal samples has not been
sutomated to the point whore samples are taken and ahalysed autonatically, the analysis
can be performed automatically once a suitable sample has been prepared by manual
methods. Methods of automatic spectrum analysis such as the "Quantometer" or "Quantovac'
are now well known. 4n automatic method of convenmtional wet chemical analysis has been
used in the United Statcs and the United Kingdom. Without supervision the system will
sample farm solutions, accurately proporticn reagents and mix them at appropriate times,
heat them when required, separate by analysis, and record automatically a final measure-
ment by any suitable physical technique such as colcur density,

Analysis of the oxygen content of waste gases by paramagnetic methods has already

been mentioned in Chapter IV, referring to the installation at the open hearth furnace
plant, at Italsider's works. Another method of continuous oxygen analysis recommended
by the British Iron and Steel Research Association compares the e.m. f. of a reversible
slectrochemical cell in which the gas of unknown oxygen content is applied at one
slectrode and s gas of known oxygen content at the other,




Page 45

One of the nevest analytical methods is that developed by Plessey Nucleonics Ltd.,
in the United Kingdom, fcr automatically determining the oxygen contunt of metals, The
sample is irradiated with neutrons which react with uxygen 16 to g1ve nitrogen 16;
measuring the decay-activity of this gives a mcasure of the original oxygen cnnu-nt.(‘n)

Al though many of th¢ modern methods of chemical analysis are not in themselves
examples of automation, their speed and simplicity will be of great help 10 advancing
the automation of the process to which they are applied,

Methods of wutomatically finding and marking defects in bill.ts have been reported
from the United States, At the Chicago plant of the Republic Steel Corporation, an

(100) At

"electronic wnspector® locates scams by eddy current and marks the position,
the Keystone Steel & Wire Co. Peoris, billets for rolling are automatically picked up
off the run-in roller table and magnetized, Flucrescent magnetic particles are thea
appl ied which makes the location of defects immediately visible when viewed in suitabls

light, (101)




CHAPTER VIII
ECONOMIC AND SOCIAL EFFECTS OF AUTOMATION

Very little information on the econimic effects «f automation has been provided

by Governments. The most comprehensive comes fi1om Hungary, and the tablec below
summarizes the anticipated gains arising from the qucted investment vxpenditure over
the years 1961-1980. The Government of Ttaly statcs that an expenditure of 31 million
lire on the equipment for waste gas analysis on cpen-hcarth furnaces (Chapter TV)
saves 75 million lire per annum.  The maintonancs cost as 14,6 mallien 1ire, so the net
gain is over 60 million lire per annum,  As mentioned in Chavter V, the USSR Government
states that control by computer of shearing billots ot Magnitegorsk has roduedcd SCTAp
by around 90 per cent and the production of bill. ts .f the specaficd lengths has been
increased by 15,000 tons a year. A steelworks In the United Kinpdom has published
information showing thet the instrunentation (including o small amount «f automatic
control) applied to u new heat-*reatment nstallation has carne? 28 per cent per annum
on the capital cust of the 1'nstrumrnts.“(u)
Tt is fairly casy f.r andividual works to compute the value of wndividual instal =
lations - e.g,, if the nstallation of automatic damper control at an cpen-hearth
furnace reduces the nfiltration f cold alr nnd saves a kuown number of cal ories per
ton the saving 1s known,  Howe ver, many of the more complex systems of autonation have
been installed as only cne 1tem in a programen  f complete plant reconstruction, when
1t 1s much more dafficult to estimat. scparatels the wam due to automation, Many of
the advantages realized by automation are 1 the Irectaon of improved quality which
is not always ensy to moasure in terms of . st oor profat,
Some guidance on the ceonomics «f applying autimation to strip mills can be deduced
from the fact that automation shoul! meak.. 1t prssible to maintain quality at higher rates
of output, Where the attainment of quality Cepends on o manual obsorvation or control, it |
is inevitable that speecing up cutput may lead to seme cetorioratien in quality, Ais
referred to in Chapter VI, the Ukrainian Government re pPerts that the wutemation of a
cold mill has increased vutput by 20 te 25 per cont with seme actunl mmprovement of
quality. This would scem wlsc to be tbtunable at hot-strip mills, On this basis the
improvement of a hot-strip mill output by 20 per cent wouwld reduce capital cost per ton
by about 1 US dollar and operating cost, allowing for extra maintenance by about 0,5

dollars per ton. The capital cost of applying the automation would probably be in the
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region of 3.5 dollars per annual ton and thus the return on the investment would be
#\
about ‘15 per cent.( !

Social aspects of automation

Since one of the objectives cf automation is to improve labour productivity it
sould be expected that automation will 1cad to a reduced demand for lsbour unless
total production is raisod correspondingly with productivity. This has caused some
concern, particularly in the United States, thut large numbers of workmen will become
unemployad following automation. One American firm making automation equipment is
reported to have set up a fund to study and alleviate the effocts of automatiov(m})
and studies in this field are also planne’ in the Unitec Kingdom,

This aspect of automation has receive some study in the report frem the European
Coal ant Steel Community. This stutes that 1f the levelopment of automation is earried
vut with care anc proper organization no hardship shoul' be caused in an eXpan ‘ing
in‘ustry. Although unskilled and arduous Jobs are <iminishe!, there is an increase!’
need for skilled workers, ani the nces for “vveleping such higher skills is empuasizen,
The report says the socinl aspect will not be lost sight of in the programme ot
research being carrie’ out by the High Authority ot the Community,

A measure of the extent to which mechanizatirn and cutomation can save labour is
quoted 1n the report rron Czechnsl yvakia, where a factory for making wheel cerntres
reauced total manpower from 124 to fourteen,

So far, rno repo-ts have been reccived of serious sociel consequence arising fron
the introduction of true qutemation in the 1Yon and stecl industry, Iu the Tniied
Kingdoem, the eftect of true automatinon has been to improve quality rather than to
reduce manpower, tor instaic. *he introduction of auvtomatic roof temperature control
in open=hearth steclmuking furnaces has not resultc! in the releasc of members of the
furnace crew because the crow can Cevete more time to control of the stecelmaking, slag
condition, un’ so an, if they ore rclcease!l of minute #atchiug of the roof. The intro-
duction of anutumatic spectrographic analysis in steelworks analytical labeoratcries has
not led to the reduction in number of analytical chewmists employe! which might have
been expecte’., What has happenee is that many more analyses have been carrie! out,
particularly of slags, so that improved control of the stoelmaking process has been
achleved,

——

(¥) These figures have bucn estimated by the Rapporteur.
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In the iron and steel industry the biggest savings in manpower come from plant
design mocifications such as increasing the sizo of furnaces, mills and handling
equipment, and speecing up sutput, sc that each man handles o greater weight of
material in a given time. Thus 1t is mechanizat ion, rather than true automation,
vhich has led to greatly reduce’ ceman’ for labour per ton of product, Typical
figures for cmployment in the United Kinp'om in a modern strip-mill plant are 1,000
tons of hot-rolled sheet per man/year in a meern plant compared with 100 tons per
man/year in the ol¢ hand-mill process, Cases of hardship caused by the replacement
of hand tipplate mills in the Luitec King'em by modern continuous plants have been
met by compensation from a central fund financed by a small levy on es-h box of tine
plate suld, In the countries of the Eurcpean Coal and Steel Community, any adverse
effect on employment caused by technical changus such as automation is met by re-
acgptation an' resettlement grants to which the central funds of the High Authority
and. the Governments concernes contribute, In the United States, funds have been
allocated for research on the social congequences of introducing a high degree of
automation in 1in'ustry,

Since 1957, the Tnternational Labour Office has been studying the social effects
of automation, Because of the increasing complexity of these problems and the need
for a better wnierstanding of themy, the TLO has just inaugurate’ a new programme aimed
at encouraging research and providing for the Cissemination an.' exchunge of knowledpe
acquired about the current repercussions of the new techniques an?® their probable
implications for the future,

A meeting 1n March 1964 represented a first step towards international exchange
of the knowle'ge gaine! from experience. The purpose was to work out methods for the
study anc collcction of information about the social repcrcussions of automation an?
technical progress in general. A serios of conclusions and recommencations was adopted
concerning the methods and techniques which coulc be used in stulying technical progress
and its implications,

Another purpose of this programme was the establishment of an international
clearing-house of information on the economic and social consequences - f aatomation and

technical progress., Thia is still at an early stage but has alrealy publimhe’ certain
bibliographical studics on
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(a) the material available ir the IO Library;

(b) & review of recent Soviet literature on the socinl aspects of automat.cn
and tuchnological change in the USSR;

(c) uther abstracts of articles on the social aspects of automation,

The ILO has uncertaken a certa.n number of projects concerning various aspccts

of the social effects of technical cevelopment. The subjects dealt with include:

effects on occupational safety: voecational training of maintenance workers; trends in

apprenticeship in certain countries of Europe; factors affecting the mobility of the

labour force; repercussicns on the structure an’ training of the labour forcc at blast

furnaccs, steel mills and rolling mills; repercussions on the composition of the

skilled labour force in the mechanicel engineering incustry of the USSR an’ so on,

Other research Projects are envisaged, viz, problems of automation in the developing

countries; effects of automation un the system of remuneration; and national programmes

for the solution of social problems arising from automation,




CHAPTER IX
CONCLUSIONS

Progress with automation in the iron and stecel industry ts so rapid that
preparation of a statement of the prsition at any particular time is difficult and
the statement is likely to be out-of-datec when it is published. Oune of the
lifficulties arises from the fuct tha®t there is a groat volume of publfshed papers,
and it is seldom cleer whether infcrmation given on automation refers to equipment
acvually installed end .n operation or merely to equipment in course of manufacture,
at the drawing board stage, or is only present as an ideu in the mind of the author
of the paper. Even in the reports received from the various countries in connexion
wilk the present study, this difficulty is sometimes present,

Automation equipment may be divided into three main 73 JUTHER

{a) The signalling equipmeat which meusures a condition or a deviation from &
desired condition, ».g. a temperature, pressurs or gauge measurement . The signal is=
commonly in the form ot u pressure ditference or an electrical potential;

(b) The conputing equipwent which receives the signal and tiwnslates it into
instructions to the ccntrol equipment. This may rarge lrom a simple mechanism, which
introduces the neccsary anticipatory or delay reactions in the movements noeded to
crontrol e changing variable, to claborate computers capable 1 integrating instructions
frem 2 number of signals;

(e) The control equipment which takes these instructions from the compating
equipment and operatcs valves or other mechanical devices to control the plant.

There is ample equipment now available for many of the functions (b) and (¢),
although the arducus conditions encountered in the steel i "dusiry mean that aeasuring
equipment for function (a) is not available to the dogree of sccuracy and robustuess for
a1l the cases in which a measurement is requiredi. Measurement of the conditions
inside a blast-furnace is still very difficult, and automatic weighing of raw materials
and of slag and metal to a degree accurate enough for automat ion purposes still
requires much study. There is still a need fcr equipment for fuaetion (¢) ir some
cases, e.g. opening and closing tap holes for metal and slag. Some of these

prodlems are mentioned in the report from the USSR,
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Another obstacle in the way of rapid progress in sutonation is uncertainty
regarding the economics of some installations. Many of the advantages realized
by automation are in the direction of improved quality, which is not always easy
to reasure in terms of cost or profit.

It is evident from the reports received that many countries have made significant
advances in automation techniques. It is not possible, or desirable, to say whether
any countries have a clear lead in any particular field, but there is no doubt that
exchange of useful cdvice can take place. Rapid progress is likely to be made by
both iron and steel works engineers and by the manufacturers of automation equipment
under the compulsive demand for increased productivity which exists in all countries.
It will be useful for the Steel Committee to keep such progress under review and to

emphasize the {mportance of encouraging research and its application in this field.
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