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SUMMAERY

The major potential uses of computers in the rteel indusiry have
Lean weli recognized for the laat decade, und it ip now largely socepted
that the successful aparation of the large modern integrated mulgi-
product plant requires extensive computer assistance. ‘Thias paper
8uggests that differences in business environment across the world have
influenced tre relative PTiority given to wpplications and the state of
aevelopment. The paper discusses these inter-relationships between
applicatiors and reviews achievements to date.




INJRODCCTICN

In revicwing progress to date, it 1s now apparent that Steel industry
managnent had recognised the majonty of the important uses of
computers in tnetr Industry by the eariy 1460s. Concepts were de -
veloped at that time for the control of one or two strip miils wanich
are siili regarded as advancad ideus.

These concepts, for successful implementation, require real-time
interactive communication t¢  hniques coupled with the rapid eCCess-
ibility of large volumes of intormation. It 15 not surprising theref{ore
that steal companies the world over are still ztriving towards the
fulfiiment of thosc original objeciives, aithough notably Jepancse
compenios and a few compantes in burope have made very substantial
pregress. These latter companies have quoted benefits which nave
bean quantified to justily fully their congiderable egpenditure on
computars . Thesr over-riding comment, however, is not 50 much that
the systems saved $ X,000, but that the large integrated multi-
product moderr. steelworks of today just cannot be successfully
contraolled without extensive computer factlities. It is their [irm
belief that evory new works musi Le built not only with the most
modern production facilities, but with most of these units under
direct or supervigory mocess control, and with all management
plarning and control systems aided to the utmost extent by business
computars . . '

This Jltustion is scen most ckarrly an Japan, where their computer
systame are still three yesrs shead of the rest of the world, with
& law ntable exoeptions.
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The USSK and associated Fastern European steelmaking countries have
not been included in the comparison but crude steel production of that
group has exceeded all other groupe since 1966,

1t can be scen that the USA environmen: i8 dominated by the need for fast
response to customer sales situations in 8 "buyers " market, minimise
hign-cost manpower, anc reduce interprocess stock costs (see also

figures % and 3) .
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EFFECT OF ENVIRONMENT ON SRGRITIES

441, EURQPE IAPAN 19711+

1. Marketing 1. Marketing Productinn Marketing
Services Services Planning Services

2. Financici 2. Production Finanosal Production
Performanae Planning Performance Planning

3. Production 3. Financial Marketing Financisl
Planning Performance Services Performance

Fla. 3

Usa_ - EURQPER JAPAN

Customer Service Customer Service Manpower

Manpower Inventories Complexity of Plant

Inventories Yisld Throughput

Uniform Products zonomic Pro- Customer Service.
. o . duction

st

Lonysr runs of tdentical ordered qualities and sizes reduced the
réquirements for complex production planning-and control systems . 3

The European environment demands customer service in terms of
fast rasponse *o order enquiries, yood deiivery performsnce and
good quality performance. The wider difference in manpower gitua-
tions ia Burope means varying interests in fus*s ation and on'y

& fow guate direct reduction of manpower as a priority. More




reduced interproces; stocks by between 20 and 50 % while one
compan ;s ever teportec an 90 A reduction ¢f siab giock.

Cilaims 0! yivid wrprovements +p te 3 % are ¢ >rmmon. Although it
is difficuir to [soiate the effect on production volumes, it is
generaiiy agreeitha’ a 1 % improvement can be expected.

The casge o! Tacan was quite differert unti! 1971 . Virtually all
plants were aexiremoely niodern and the ¢comst.! monster plants
were commonplaci, ail using the most modern technical oro-~
cesses. invastment was beng pourad in to catoh up with a Jarger
demard than praduction s:tuat.on (“sellers market™ despite the
grave snortage of labour sk irled (n operating steelworks. The
means 1o contral this comolex plant with as few as possible
operatives , whiist still achieving maximum production, therefore
became the numnbper cne priority.Computer systems servicing the
needs of production were designad and availablae in nearly all
cases before the plants themselives were commisgioned. There
are many examples - Kimitsu anAd Yawata plants of Nippon Steel
Corporation, and Kashima of Sumitomo Metal Industries are just
a few where they have "adopted from the very start of the plant
design where nothing could be done without computersd®,
"Designed as an inteqial vart of the original Kimitsu project,
this Production Control System has been able to use computer-
lsation to tae fullest possible axtent. This system is thus only
one step short of complate automation - a totally unmanned
operation”” . The result of this approach was to improve further
the already phenomen:lly high output per man statistics.

The market condition in Japan changed during 1971 and the various
companies became involved in viclent competition for both quality
and delivery (roth short and accurate delivery) . So the situation
of the “Sellers"” to "Buyers" market arose in Japan for the first
me, just as it had in Europe in the early 1960s. The Japanese
plants were well equippad with their extensive real-tima com-
puter systems t> start realigning their priorities as shown in the
firal column of Fig. 2. The production planning control systems,
which were geared to handling small orders as are the European
systems, were used more to shorten delivery times and ansure
delivery accuracy, as well as controlling the complex large plants,
rether than aiming to balance the plant for the utmost pl?ductian
possible . Quality Control systems, too, were improved®.




The justification for the Japanese approach i thair environment
is typified by quotes by these co mpanies such as:

120 legs gtatf required"”

"6 general roll chariges fewer per month raquired
on Hot Strip Mill*

"10 % improved rolling efficiency”

"$ 690,000 yield saving"

“400 less pergonnel required, " “resulting net saving
in cost, even with the coat of computers takan into

account, amounts to more than $ 650,000 per year"

"30 % reduction with locai workers, planning and
scheduling departmen? and technical department ¥

"10 % decrease in glab surpiug”

“20 % shortening of !aad time"”

"30 % increase in weaight of a3 slab (hyeavy plate
application) *,

yapan, in building a new Iron and 8tee!l Industry over the past
twenty years, have laid down clearly defined objectives (Fig. 4)
which saw computers as an integral part of tho total requirement
of the whole plan:.

Da. s

Limited Objectives  Limited Objectivaz  Clearly defined Objectives

Namlm :
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Jestgners of the auv lorge codst~] plants batng bullt in the rest
of the world have rralis~d that *F7 sg comprehensive computer
Lystems must not only comreice operations with the plant (or
the benefits wil acver he tully recovered) but all managements’
Elanring, contro! 2rd edminist-ativa thinking must be based on
the fact thar coniputer systems will be utilised to the utmost to
help themr iraka netter dacleions tn all fieids.

Tha effect of *ne enviroamant through its effects on the priorities,
justification criteria, wna managerient obiectives, directly in-
fluence a number of data-processing paramoeters (Fig. ).

Fig. %

P ENVIRONMENT ON COMPUTER SYSIEMS,

USA_ EURQPE IAPAN.
SYSTEMS Low Mostly high High
COMPLEXITY
| TOP MANAGEMENT  Low High High
: INVCLVEMENT
. As high as
DP-MANPOWER Limited possible High
PERFORMANCE Below . ‘
DP EQUIPMENT Average Average high High

It can be seen that Japan's succes. in ruuning complex systems
has been backed by top-management involvement, the full
involvement of user department skills, and the use of suiﬁohnt
numbers of weil qualified data-processing staff.




COMPYTSR APPLICATIONS

Between 50 and 60 % of computer time in the UK is spent on production
support systems. in Japan, this figure approaches 30 %. A iypical
spread ~f applicetions is gshown i1n Fig. €, which covers the four

main areas of commaercial, scientific, production plannlnq, and process
control. Reviews of these areas have been published. 3,

fia. 6

Company Punction

Sales

Production

Quality

Appiication

Order entry, Billing,
Sales Statistics, Sales Forecasting,
and Allocation

Order Acoeptance and Dressing,
Production Planning, Scheduling,
Control Work Instruction,

Data Collection, Order Status,
8hipping,

Process Control

Quality Data Collection, Reporting,
Statistical Analysis, and Quality
Improvement

Personnel Records, Payroll

Cost Management, Pinancial Accounting

Purchase, Delivery, Inventory Control

Construction, Maintenance 8cheduling,

t‘mnnhory Control

ﬁ{uw Material Procurement Planning,
Bsles end Production Planning,




Scientific Jesign and Lngineering Calzulation
aeneral Scientific Calculation.

The integration of these individusal applications into an overall
company tnformation system is shown in Fig. 7.
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1 can e seer thal te e are Laee lavels nl vperations performed
sathor ol frzac Uem Tt PETIL IS TN § SV works . Thess isvels
Cote ot plalndiag ATt e e rlannix‘.g,ar'd avery-

day contros. Sarme A TRE gl et n helween e individual

eSO T
Y875 ure inticatec end, aitnounin the Wo.Rg i ~gif-g.fficient
for menaging ottt nm piuniing and evecydey conatrol activities,
they feed the corpcrmte systems, which not only monitor the over-
all werks poriornance, put malatyin ovarall planning and object~
{ve s=tting tor the COT pany As A whole.

The prodiction dlanv"g snd cuptrol sosten s regarded by most
Steal Companies 6% centre! to thelr parations . Afrer recelving
customer ordecs at Corporate leve., entenng them on-line at
visuai dispiay umts, anc at the same fune perinrming checking
and validation com areia! functions, the orders Are allocated

ro works. [he rorma nind order entry tunctions,inciuding technical
routing, figuring, and 1. cerlal providing functionsg, are performed
nefore 1 -day Of wee 1y rlanring pProgramings can be developed.

Planning is an interacidve proce 3o DRIWEED the p.anner and typic-
ally catch-type complex conputer planaing proyrams whicn are
suilding up loading tahles for the vartous faciliiles. Visual dis-
play units are e ideal nedla for tals man-machine contact, and
enables far more J..0Thé tive plans to be cvaluatea, Decision
making remains fir .y the resvonsipility of ‘he plannet.

The planning ¢i g o hmaking to produce ingots or continuously
cast slabs o' size within guality specification anavles a firm
start-produc*.mn—date 10 be estunated and curfirmation to be
givern to the custor.er cn the delirery Jate far his ordar.

Actual steelmaxing trigyers off the order production functions which
include extensive real~timz capiure of precduction and some quality
data on operator terminals of directly from instruments situated

a. all key produc*on/stocking facilities throughout the plant.
Jasides the monitoring of atcck location, order status monitoring,
plant status monitoring , unit or facility scheduling, slant bajancing,
and plan monitc.ing are functions also to be performed . Reporting of
all tyves is a natural cutput of this kind of system.

A lage number of works now have real-time systems in oparation.
The degree of automatic scheduling of units by computer vuries.
‘Most plants leave the difficult selectior ard sequencing pmbisms
to the scheduler while the computer feeds him with lists in priority
and sequence orrler. Both scheduling and progressing functions
are now being performed from vigual display units located ut both




hot snd cold miil offices and have direct access to the stock

and order files in order to make decisions on excess or remake
situations on orders.

The other key systems being implemented at the management control/
operstional levels are quality control, engineering maintenance,and
process control at most units. Process control applications have
been reviewed quite adequately st internitional conferences.
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Computer Applicat.wng b ieraichies

Spencer Works , tharn of }ichard Thouas and Baldwias Ltd, now
British Steel Corporst'~n, Lle= = Group, was one of the first
new integrated piants to put forward advanced concepts for 8
total production planning and coatrol system in the early 1960s.
These concepts involved hierarchica! principles on four levels:

Level 3 Management Information System

Level ¢ Order Entry and Planning/Bcheduling

Level 1 Date Communication {n real-time

level 0 Torminals and Process Control Computers.

The ideas for saparctiag the total system into four levels were very
similar to those used today. The attempt ran into problems involviag
the need for advanced hardware and softweare which was shead of
the state of development existing at that time of any Computer manu=-
facturer, ' the cost of laying down excessive distances of ex-~
pensive i .ora cabling . Despite those difticuities, however,

a real-tir: ot tracking ~vatem was developed.

The sacond attempt commenced between 1963 and 1965 with about

ten companias in Europe. Some of these companies installed suocess-
ful systems but others ran into troubles with softwsre, especially

to support communicatior.s lires; high teleprocessing costs for
cebles, adantors end terminals, project management limitations and
tnexperience in handling complex lsrge projects, and high mainten-
ance of the systems snd progr.ns. The latter effect was 80 pro~
npounced that & number of the complex systens ceme 10 & '
even during implementation (Pig. §).
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Why was the second attempt larjely unsuccessiul?

The widespread feeling is thet an inflexible monster system had
been created and its inflexibility led to the impossibility of
menaging the project any longer. No standards had been laid
down to control intorfaue g between sub-svastems and the system
had not been designed in & niodular fushion. It was, therefore,
slmost impossible to aiter any par of the system without in-
curring enormous program alterations in cther parts.

The third attampt was made by several companies betwuen 1965

und 1970, e.g. Yawata Steel 1967/69, Sidmar 1965/69, Salzgitter
1985/89, Lysaghts (Australia) 1966/70. These attempts represented
& "point of departure * which used the original "Spencer Works Con-
oopt® but developed:

man-machine interactive approach, using

- on-line or real-time techniques with much improved
herdware and software compared with that available
for the first and second attempts,

~ Systems design to give flexibility - Modular in both
plant functions and pmduction faocility. This tech-
nique enabled msnagement to control realistically
sised Individual modules, and for the design
team to establish ind stendardise the interface
relationsiiips between modules.

There are, of course, a large number of modules . Typically,
for & large works on~ might expsot a metrix of 70 x 76
- application modules, 1.e. nesrly 5000 modules (Pig. 9.
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Fig. 9

MODULARITY IN FUNCTIONS AND FACILITY
(THE APPLICATION MATRIX)
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INVENTORY CONTROL
PRODUCTION REPORTING
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OPERATOR INSTRUCTION
c DATA COLLECTION
MESSACE CHECKING

b PROCESS CONTROL
BY UNIT

Operational Systems




)

-

Success with this approach was achieved because thesse modules
ure sasily moditied without affecting other modules.

The functions sre shown in more detail for the production planning
and control system in Fig. 10.

Be. 10
RUNCTIONS .

Technical Order Entry

Order Modification

Material Request

10-Day Production Planning Programme

Production Completion

Shipping

Order Status

Work Instructions and Mill Data Reporting

(also Administrative, Cost, Quality,and
Raw Material Systema)

Collection of Miil Data (dasly by shift)
Work Schedules (detly by shift)

Tast Resuits

Allecstion of Products

‘Oparat Instruction
Actusl Dats Collection
Reporting
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The ides of stmplification so that one functional leve! equals one
business compuiaz per major ;' vt ame (bolow leve: Aj helped to
keep clear lines of responsibility. Information is passed from

lavel to lavel or horizontally in *he caae of the hot strip and cold
strip mill computers ei*ther by direct iinks, paper taps,or punched
cards, or transference of sharing or disk packs tapes in the main

computer room.

Resuits

This complex system was implemented in time for plant commission~
ing in two years with 91 people. As mentioned previcusly, net savings

are estimated at $ 650,000 per yesr.

The principle approach to modularity is summarised in ¥ig. 12 , whioh
shows also the general characteristics of system implementation in

the three world areas studied earlier.

EULOPE.

Mostly non-existing At least modular
Mostly
Hlierarchicsl too

MARAN.

&
Hiersrchical

IAPAN
Fast |

Strong user involve-
ment and responsi-




The successful approach to achieve fast implementation of complex
production projects and to meet the objectives of satisfactory justifi-

PP 3 R

cation is therefore based on:

oA 8 1 RS

1. The environmental driving force

2. Clearly defined top management objectives with a total
solutlon strategy

3. Strong user involvement and responsibility

4. Good profect managers

5. Modular and hiersrchical syctems design.

The results of the various spproaches taken are summarised in Pig.l3.

Fig, 13
RESULTS
USA

Many Plants
without good
production
planning contrel
system

Most companies
with good order
entry and order
inquiry system

DP PROBLEMS
Productivity
Flexibility

EUROPE

All major Plants
have production
control system

Very few have on-
line order entry
systems, but sl
have off-line
systems

Produoctivily
Plexibility

IAPAN.

No major Plant
without integruted
production
planning & control
system

On-line order entry 1
systems are under |
design or implement-
ation

Productivity
Plexibility.

Despite the development of good on~iine order entry and stock m
systems in the USA, good real-time production oomtrol systems ia -
Europe, and very yood production systsms in Japen, there sre still




problems unsolved - systems productivity and further flexibility.
The flexibility probiem invoives common data bage accessing
from more than one computer b an environment which is essenti-
ally 24 hours per day, 7 days per week, and where ragponse time
to the real-time systems must be maintained at 3/5 seconds.

QURRENT TRENDS

Advanced users of the complex real-time production control
systems are now addressing the problems of improving flexibility
and productivity. Most are examining software development
coupled with new hardware availabie within the past few years.

Increased performance of hardware and the availability of virtual
storage techniques have made possible greater programmer pro-
ductivity by releasing the shackles of limited main memory
problems. They have also greatly anhanced the feasibility of
using deta base / dats communications packages which tackle

the flexibility problem. The latter involves generalised file access
methods, generalised tenninel access methods, generalised ter-
minals access methods, complex chained data base organisation
end language interfaces.

The use of DB/DC packages have been proved to decrease
drastically maintenance costs. This rcieases programmers for
productive systems development (Fig. 14).

The grestly improved compute' power has raised the question:

"Is it not better to minimise ‘h~ hardware hierarchy by combining
two or more functicnal activity levels into one hardware level 7"
A number of steelworks are now moving in that direction and the
establishad multi-computer 4 ~-level hisrarchies are now being re-
-placed by a 2-levcl approach. Fig. 15 shows this change in con-
figurstion from several medium sized systems to two large snd

& number of smaill remote computers. The new configuration is
oslied & distributed system. :

Several steel compenies in the USA, Sweden, and Germany are
using deta bese packages for their batch systems. Several more
sre plamniag the possible move to include the real-time systems
8lsc. There is no doubt that thia is » major tresd that is cocurring
#nd 1t will beoome easier to affect the change as further develop-~




SYSTEMS ARCHITEGTURE

AM AM \\ M [A,’M J APPLICATION MODULES
LANGUAGE INTERFACE ‘ IANGUAGE INTERPACES
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CONCGLVYSIONS

There is an abund n=n of er.derce avallable to show that the
complex real -t'me systems which hava been found necessary

to control tre larre, inleqeaisd, mults -product steelworks of

today are fuily justifiel on a coat basis. These complex systems
are regarded by ad-anced conputer uiers an esgential for success-
ful and efficient conirel of such large plants.

The malin computer rpplication imerests have been centred around
the productien sugporting 1vatems ror the receipt of the
customer ordar tn. ita deapa’ch. Computar svstams such ae pro-
duction planning and contrcl, enqineering control, quality con~
trol, process control, and very recontly anergy control, have,
therefore , buen gtven priority. Cnvironment determines which of
these systeras, or rarts of thewn, ehould be given pricrity.

Project Managers of the talrd jen@ration of real-tinw systems
overcame many of the problems of installing such ocomplex
applications, and tliere are many excellent examples in Japan,
Belgium, Germany, and Sweden.

Flexibility and ays'~ms preductivity are still two of the major
problem areas, and data processing departments are studying

the hardware, soitwar: and systeins design necessary to minimise
these difficulties. New computar aystems have been made avail-
able over .ne past few years winich give greatly improved price/
performance ratios, and sortware featuras such as virtual storege.
Handling of the vast data hase, and communication with it, is at
the heart of the flexibility/produciivity problem Dats base - dats
communication program packages which sre available and constant-
ly being improved are regarded s a key factor. These packages
are far more feasisle in conjunction with the new hardware/soft -
ware, and several steel companies have decided to imploment

a standard DB/DC package.

Moves to rationalise hardware hierarchies have occurred at the
same time and some companias have decided to simplify the ‘
hierarchy from four levels of medium-sised computers to two lavels

of largs central machines and numerous small remote processors
in the plant. :
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