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PREFACE 

Industrial problems of a universal character have been an integral part 
of IIASA's activities since the Institute started its work in 1973. These 
activities were initially carried out  by the Integrated Industrial Systems 
Project, which has now been incorporated into the Management and 
Technology Area. 

The Project's objectives included a study of the international experi- 
ence in computer-aided design (CAD), and the development of the concept 
of CAD for industrial implementation. The study concluded that CAD is 
currently in a state of dynamic development, with corporations investing 
heavily in this area, and large numbers of highly qualified, specialized 
personnel assigned to the development of CAD projects. 

In 1974-75, IIASA studied the  development and implementation of 
computer-based management systems in the stcel industry. The steel 
industry was selected as the first case study of the integrated systems 
approach for several reasons. First, steel is a basic industry that  is of interest 
t o  most of the countries of IIASA's national member organizations. 
Second. steel is a complex industry with different types of processing and 
manufacturing facilities. Third, and most important, the steel industry is 
perhaps the most advanced area of technology with respect to  the applica- 
tion of both an integrated systems approach and computers for real-time 
information processing and decisionmaking. The major goal of IIASA in 
this field is t o  identify the most advanced methods for planning, scheduling, 
and production control, and to  determine how these can be implemented 
and coordinated to achieve systems integration. 

The conccpt of integrated systems control in the steel industry was 
discussed in a state-of-the-art survey and at  the 1975 IIASA Conference on 
Integrated Systems Control in the Steel Industry. 

Work continued in this field, focusing on  problems of implementing 
computer-based management information systems at the sectoral. rcgional, 
and national levels. The experiences of countries with planned economies 
and those with market economies were considered for this purpose. The 
next step in this direction was the study of problem-oriented models for 
industrial technology. A case study was made of the application of com- 
puters for the control of basic oxygen furnaces (BOFs). 



This topic is of particular interest to  industry as evidenced by their 
support of IIASA's work in this field. IIASA is grateful for this support in 
many countries, in particular that of Austrian industry. 

In May 1977, IIASA sponsored a Workshop on this subject, oriented 
toward problems of interest to industry and institutions connected with 
industry. 

These proceedings include invited papers and discussions of the 
Workshop. Twenty-seven participants from nine countries met to review 
the current state of the art, and to make suggestions about future ILASA 
research in this field. Appended to these proceedings are the Workshop 
suggestions, agenda, and List of participants, respectively. 

I am indebted t o  Jeanne Anderer, editor, and to  Eryl Ley, Workshop 
secretary, who made essential contributions to  this work. 

German D. Surguchov 
July 1977 
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Welcoming Address  

R.E. Levien 

I t  i s  a  p l e a s u r e  t o  welcome you t o  o u r  workshop on t h e  con- 
t r o l  o f  b a s i c  oxygen f u r n a c e s  and i n t e g r a t e d  management sys tems  
i n  steel  p l a n t s .  

I n  o r d e r  t o  e x p l a i n  why w e  a r e  working on t h i s  t o p i c ,  and 
how it f i t s  i n t o  ou r  o v e r a l l  program, I would l i k e  t o  s a y  a  few 
words abou t  t h e  h i s t o r y  and r e s e a r c h  program of  t h e  I n s t i t u t e ,  
and abou t  t h e  way w e  f u n c t i o n .  

The I n s t i t u t e  w i l l  be  f i v e  y e a r s  o l d  i n  October ,  though 
t h e  n o t i o n  of IIASA is  over  t e n  y e a r s  o l d .  I t  was f i r s t  proposed 
a t  t h e  end of 1966, when US P r e s i d e n t  Lyndon Johnson sugges t ed  
t h a t  an  I n s t i t u t e  might  be  c r e a t e d  t o  work on t h e  common problems 
of  i n d u s t r i a l i z e d  n a t i o n s  and t o  b r i n g  t o g e t h e r  s c i e n t i s t s  from 
E a s t  and West, t he r eby  s e r v i n g  a s  a  b r i d g e  between d i f f e r e n t  
s o c i e t i e s .  I n  1967, he s e n t  McGeorge Bundy t o  Moscow t o  m e e t  
w i t h  Jermen G v i s h i a n i ,  Deputy Chairman of  t h e  USSR S t a t e  Com- 
m i t t e e  f o r  Sc i ence  and Technology. The S o v i e t  r e sponse  was ve ry  
p o s i t i v e .  There fo l lowed f i v e  y e a r s  of n e g o t i a t i o n s ,  d u r i n g  
which t h e  USA, t h e  USSR, and t e n  o t h e r  n a t i o n s  agreed  t o  p a r t i c i -  
p a t e  i n  t h e  founding of  such a n  i n s t i t u t e .  

The founde r s  made a  c r u c i a l  d e c i s i o n :  t o  e s t a b l i s h  t h e  
I n s t i t u t e  n o t  a s  a n  i n t e rgove rnmen ta l  o r g a n i z a t i o n ,  l i k e  t h e  
Uni ted  Nat ions  a g e n c i e s ,  b u t  a s  a  nongovernmental o r g a n i z a t i o n .  
Tha t  i s  what IIASA i s  t oday .  Our membership c o n s i s t s  of one 
s c i e n t i f i c  o r g a n i z a t i o n  from each  o f  t h e  s even t een  p a r t i c i p a t i n g  
c o u n t r i e s - - t h e  Na t i ona l  Academy o f  Sc i ences  i n  t h e  USA, t h e  
Academy of S c i e n c e s  i n  t h e  USSR, and s i m i l a r  i n s t i t u t i o n s  i n ,  
now, 15 o t h e r  c o u n t r i e s .  The f i r s t  12 Na t i ona l  Member Organiza-  
t i o n s  (NMOs)  m e t  i n  October  1972 t o  e s t a b l i s h  IIASA, and s c i e n -  
t i f i c  work began i n  June  1973. I n  May o f  l a s t  y e a r ,  we h e l d  
t h e  f i r s t  IIASA Conference,  t o  sum up t h e  p r o g r e s s  o f  t h e  I n s t i -  
t u t e  up t o  t h a t  p o i n t .  

A t  t h e  same t ime  a s  t h e  C h a r t e r  was s i gned ,  A u s t r i a  o f f e r e d  
IIASA t h e  u s e  o f  t h i s  magn i f i c en t  Sch lo s s .  

The s even t een  NMOs p rov ide  t h e  b a s i c  f unds  f o r  t h e  I n s t i t u t e ,  
t h e  USA and t h e  USSR NMOs e ach  g r a n t i n g  1.4 m i l l i o n  d o l l a r s  a  
y e a r ,  and each  of t h e  o t h e r s  216,000 d o l l a r s  a  y e a r :  a  t o t a l  
budge t  of abou t  6  m i l l i o n  d o l l a r s .  Each NMO h a s  a  r e p r e s e n t a t i v e  
on t h e  Counci l  which sets t h e  o v e r a l l  p o l i c y  f o r  IIASA. The 
r e s e a r c h  a c t i v i t i e s  a r e  t h e  r e s p o n s i b i l i t y  o f  t h e  D i r e c t o r .  Then 
of c o u r s e  t h e r e  a r e  t h e  normal s c i e n t i f i c  s e r v i c e s ,  which i n c l u d e  
computing, l i b r a r y ,  p u b l i c a t i o n s ,  and t h e  b a s i c  a d m i n i s t r a t i o n  
f u n c t i o n s .  



What a r e  t h e  r e s e a r c h  a c t i v i t i e s  of t h e  I n s t i t u t e ?  They 
a r e  r e f l e c t e d  i n  two ph ra ses  i n  ou r  t i t l e :  international 
applied, and systems analysis. International applied means 
t h a t  IIASA has  a s  i t s  b a s i c  f u n c t i o n  work on r e a l  problems of 
i n t e r n a t i o n a l  importance. We d i s t i n g u i s h  two k inds  of such 
problems. The f i r s t  we c a l l  global: i s s u e s  t h a t  i n h e r e n t l y  
c u t  a c r o s s  n a t i o n a l  boundar ies  and cannot  be r e so lved  by t h e  
a c t i o n s  of s i n g l e  n a t i o n s .  So, f o r  example, we have g l o b a l  
c l i m a t e  problems; e x p l o i t a t i o n  and p r o t e c t i o n  of oceans ;  t h e  
problem of g l o b a l  development--how, w i t h i n  t h e  n e x t  50 t o  70 
y e a r s ,  we can meet t h e  needs of a  growing popu la t i on  f o r  food ,  
c l o t h i n g ,  housing,  a  s a f e  environment ,  h e a l t h ,  and s o  on .  But 
r a t h e r  t han  t r e a t  t h e  problem a s  a  whole, a s  t h e  g l o b a l  model- 
i ng  e n t h u s i a s t s  do,  we s tudy  s p e c i f i c  s e c t o r s  of g l o b a l  develop-  
ment i n  t u r n .  The f i r s t  s e c t o r  we have chosen i s  energy.  A 
major program a t  IIASA i s  concerned wi th  t h e  e v o l u t i o n  of a  
g l o b a l  energy system, p a r t i c u l a r l y  i t s  smooth t r a n s i t i o n ,  about  
15 t o  50 y e a r s  from now, from one based on o i l  and gas  t o  one based 
on v i r t u a l l y  i n e x h a u s t i b l e  energy sources- -nuc lear ,  s o l a r ,  o r  
c o a l .  The program has  a  f i ve -yea r  l i f e t i m e  and seeks  t o  look 
a t  t h e  technology,  economics, and environmental  and s o c i a l  
a s p e c t s  of t h e  development of a l t e r n a t i v e  energy systems.  The 
second g l o b a l  program, which we a r e  j u s t  beginning ,  s t u d i e s  t h e  
food problem i n  a  s i m i l a r  con tex t :  t h e  e v o l u t i o n  of n a t i o n a l  
food p o l i c i e s  and t h e i r  i n t e r a c t i o n  through t h e  i n t e r n a t i o n a l  
food marke ts ,  and t h e  ques t ion  of how w e l l  t h o s e  p o l i c i e s  w i l l  
p rov ide  f o r  t h e  n u t r i t i o n a l  needs of a  growing world popu la t i on .  

The second ca t ego ry  of i n t e r n a t i o n a l  problems i s  what we 
c a l l  universal. These a r e  problems t h a t  r e s i d e  w i t h i n  n a t i o n a l  
boundar ies ,  b u t  t h a t  a l l  n a t i o n s  face- - for  example t h e  des ign ,  
b u i l d i n g ,  o p e r a t i o n ,  and maintenance o f  a  s t e e l  i n d u s t r y ,  a  
h e a l t h  c a r e  system, o r  an  educa t ion  system. While each of 
t h e s e  i s  s u b j e c t  t o  n a t i o n a l  decis ionmaking,  a l l  n a t i o n s  s h a r e  
t h e s e  problems, and much can be l ea rned  through t h e  exchange of  
in format ion  among n a t i o n s .  That i s  one of t h e  r ea sons  you a r e  
he re ,  and one of  t h e  r ea sons  IIASA i s  here--to f a c i l i t a t e  t h i s  
exchange of  in format ion  a c r o s s  n a t i o n a l  boundar ies ,  and a c r o s s  
s o c i a l ,  economic, and p o l i t i c a l  boundar ies  a s  we l l .  

The second phrase  i n  our  t i t l e ,  Systems Analysis, means 
d i f f e r e n t  t h i n g s  t o  d i f f e r e n t  people .  We t a k e  it t o  mean t h a t ,  
when s tudy ing  problems of an i n t e r n a t i o n a l  importance,  we have 
an o b l i g a t i o n  t o  s tudy  them i n  t h e i r  f u l l  breadth--not  t o  l i m i t  
our  s tudy  t o  t h e  way i n  which a  Min i s t ry  o r  a  p a r t i c u l a r  d i s c i -  
p l i n e  might  approach t h e  q u e s t i o n ,  b u t  t o  i n c l u d e  a l l  t h e  a s p e c t s  
t h a t  a f f e c t  t h e  d e c i s i o n s  t o  be made. So i n  s tudying  t h e  g l o b a l  
energy f u t u r e ,  we a r e  n o t  l i m i t i n g  o u r s e l v e s  t o  t h e  technology 
o r  t h e  economics of  energy,  b u t  we cons ide r  a l s o  popu la t i on  
i s s u e s :  how many people  w i l l  t h e r e  be, what w i l l  t h e i r  demand 
f o r  energy be ,  what environmental  and s o c i a l  f a c t o r s  a r e  involved?  
And s o  on. 

IIASA1s r e s e a r c h  i s  organized  i n  f o u r  Research Areas,  each  
w i t h  i t s  e x p e r t s  i n  p a r t i c u l a r  a s p e c t s  of knowledge neces sa ry  
f o r  systems s t u d i e s .  The Resources and Environment Area i s  



concerned wi th  t h e  n a t u r a l  endowments of t h e  e a r t h ,  w i th  wa te r ,  
m i n e r a l s ,  w i th  t h e  environment, and so  on, and it has  s p e c i a l i s t s  
w i th  s k i l l s  and i n t e r e s t s  i n  t h o s e  t o p i c s .  The Human Se t t l emen t s  
and S e r v i c e s  Area, s p e c i a l i z i n g  i n  t h e  human r e s o u r c e s  of t h e  
g lobe ,  has  topographers ,  urban p l anne r s ,  h e a l t h  c a r e  s p e c i a l i s t s ,  
and s o  f o r t h .  The t h i r d  a r e a ,  which i s  sponsoring t h i s  meeting,  
i s  Management and Technology, w i th  s p e c i a l i s t s  i n  o r g a n i z a t i o n  
and management m a t t e r s  and g e n e r a l  technologies- -a t  t h i s  t ime,  
p a r t i c u l a r l y  informat ion  t echno log ie s .  And t h e  System and 
Decis ion  Sc iences  Area i s  concerned wi th  t h e  mathematical  and 
computa t iona l  t o o l s  f o r  s tudy ing  complex systems. 

We have a  r e s i d u a l  ca t ego ry ,  a s  a l l  good o r g a n i z a t i o n s  must,  
t h a t  we c a l l  General  Research-- topics  t h a t  do n o t  f i t  n e a t l y  
i n t o  t h e  o t h e r  Areas,  some of them q u i t e  impor tan t  f o r  IIASA's 
work. They i n c l u d e  a  s e r i e s  of books on a s p e c t s  of t h e  s t a t e  
of t h e  a r t  i n  systems a n a l y s i s .  There w i l l  be ,  f o r  example, a  
volume on computer-aided des ign ,  which draws on work i n i t i a t e d  
i n  t h e  Management and Technology Area; and one on computer- 
a ided  urban t r a f f i c  guidance and c o n t r o l .  

The s u b j e c t  of t h i s  meeting-- information technology and i t s  
impact on t h e  economy--grows o u t  of a  s tudy  by t h e  former I n t e -  
g r a t e d  I n d u s t r i a l  Systems (11s) p r o j e c t  on i n t e g r a t e d  c o n t r o l  i n  
t h e  s t e e l  i n d u s t r y .  The I I S  p r o j e c t  ha s  been combined wi th  t h e  
former Large Organiza t ions  p r o j e c t  t o  form t h e  p r e s e n t  Manage- 
ment and Technology Area. 

That  i s  t h e  main s t r u c t u r e  of IIASA's r e s e a r c h  and manage- 
ment. Although I have no t  s a i d  much about  t h e  v a r i o u s  s t u d i e s ,  
you can i n f e r  t h a t  it imp l i e s  a  l a r g e  r e s e a r c h  program, one t h a t  
i s  ve ry  ambi t ious  f o r  t h e  r e s o u r c e s  a v a i l a b l e  t o  t h e  I n s t i t u t e .  
These c o n s i s t  of 7 0  s c i e n t i s t s  whose s a l a r i e s  a r e  pa id  by NMO 
c o n t r i b u t i o n s ,  a  l i b r a r y  wi th  good connect ions  t o  o t h e r  l i b r a r i e s  
around Europe, an adequate  medium-sized computer system, and a n  
annual  budget  of about  6 m i l l i o n  d o l l a r s ,  o r  1 1 0  m i l l i o n  Aus t r i an  
S c h i l l i n g s .  But no i n s t i t u t i o n  wi th  t h e s e  r e s o u r c e s  could  hope 
t o  ach i eve  t h e  program o u t l i n e d  i f  it worked only  by i t s e l f .  
The impor tan t  a s p e c t  of IIASA i s  t h a t  it does n o t  aim t o  be ,  
nor  does  it f u n c t i o n  a s ,  a  s e l f - con ta ined  r e s e a r c h  i n s t i t u t i o n .  
Rather ,  i t s  purpose i s  t o  be t h e  c o r e  of an i n t e r n a t i o n a l  ne t -  
work--the v i s i b l e  p a r t  of an i n v i s i b l e  i n t e r n a t i o n a l  c o l l e g e  
c o l l a b o r a t i n g  i n  t h e  programs t h a t  we ambi t i ous ly  have s e t  f o r  
o u r s e l v e s .  

Around t h i s  c o r e  t h e r e  a r e  two a d d i t i o n s  w i t h i n  IIASA. 
One i s  t h e  presence  he re  of g u e s t  s c h o l a r s ,  s c i e n t i s t s  whose 
s a l a r y  i s  pa id  by t h e i r  home i n s t i t u t i o n s ,  who work wi th  our  
s t a f f  and a l s o  s e r v e  a s  ou r  l i n k  t o  t h e i r  home i n s t i t u t i o n s .  
For example, we have had s c i e n t i s t s  he re  from IBM, S h e l l ,  
Siemens, and Ar thur  Andersen. Second, we r e c e i v e  each y e a r ,  i n  
a d d i t i o n  t o  ou r  b a s i c  funding ,  about  1 m i l l i o n  d o l l a r s  of e x t e r -  
n a l  funding  from t h e  United Nations Environment Programme, from 
t h e  Min i s t ry  of Sc ience  f o r  Research and Technology i n  t h e  FRG, 
t h e  A u s t r i a n  Nat iona l  Bank, and o t h e r  sou rces .  Thus i n  a d d i t i o n  



to our 70 NMO-sponsored scientists, we have 10 guest scholars 
on average, and about 15 whose funds are provided by external 
resources. This makes it more feasible for us to carry out the 
work we want to, but even 95--or 395--is still too few for the 
large goals of the Institute. 

The major amplification of our efforts occurs through col- 
laborative research with particular institutions in particular 
countries. We have at the moment seven collaborative agreements, 
covering topics ranging from the development of agricultural- 
industrial complexes in Bulgaria, to joint work in energy, health 
care systems, and so on. We have agreements with the Siberian 
Power Institute; we have worked closely and intensively on atmo- 
spheric and climatic questions with the British Meteorological 
Office and the National Center for Atmospheric Research (NCAR) 
in the USA. Through each of these links we multiply the effort 
that IIASA and its NMOS can apply to a problem. 

For example, we are studying the coal option as a major 
energy option. The two people at IIASA working on coal are 
the mobilizers and coordinators of an international task force 
from the British National Coal Board, Ruhr Coal in the FRG, and 
groups in Poland, the USSR, and other countries. Thus the task 
force has not two members, but closer to 15 or 20. 

Beyond collaborative research, we have what we call cat- 
alyzed research--activities undertaken in other research insti- 
tutions, not in close collaboration with IIASA, but stimulated 
by our concern for a particular problem. As a result of ques- 
tions raised here at IIASA, other research institutions are now 
working intensively on the potential impact of more C02 burning-- 
associated with burning increased amounts of coal--on the climate. 

Finally, and I think most important for this meeting, there 
is the role of IIASA as an information exchange agent. We can, 
and frequently do, bring together representatives from institu- 
tions having common interests, but from many different countries 
Through this mechanism of information exchange, IIASA is able to 
play an important role in facilitating joint work among institu- 
tions around the world. Thus, the main work of the Institute is 
achieved through this ever-increasing series of interlinkages 
between the Institute and the larger scientific community world- 
wide. 

Part of that community, and one with which we are seeking 
closer contact, is industry. We are an applied research insti- 
tute, concerned with the impact of real problems. Clearly the 
industry of both East and West is a major player in the solution 
of global and universal problems. So we are looking for ways 
to build up closer relations between the Institute and industry-- 
meetings such as this one, collaborative research, joint funding 
of activities. 



Again, welcome t o  IIASA; and now t h a t  you have been h e r e ,  
we hope t h a t  you w i l l  view your se lves  a s  p a r t  of t h e  extended IIASA 
community and con t inue  your a s s o c i a t i o n  wi th  t h e  I n s t i t u t e  when 
you r e t u r n  t o  your home i n s t i t u t i o n s .  We hope t o  s e e  you he re  
many t imes  i n  t h e  f u t u r e .  





Computer Application in BOF Technology: A Systems Approach 

G .  Surguchov 

INTRODUCTION 

The development of steelmaking using the basic oxygen 
furnace (BOF) technology began in the early 1960s. Figure 1 
illustrates this evolution from the point of view of the dura- 
tion of the production cycle. The development of the open 
hearth technology (OHT) by means of improved organization, fur- 
nace construction, implementation of new refractory materials 
shortened the cycle. The first sharp decrease in production 
time came in the mid-1950s as a result of the development of a 
process for producing oxygen on a large scale. Steelmaking 
based on the oxygen blowing process, led to th.e development of 
the BOF, which has several advantages including high productivity 
and a short production cycle. 

Figure 1 .  Drveloprncr~t o f  stt.eln~aking from viewpoir~t o f  produclion c.y(.lr. 
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Stee lmaking  i n  BOFs i s  be ing  i n c r e a s i n g l y  used  t h r o u g h o u t  
t h e  wor ld ,  and i s  t h e  p r i n c i p a l  t e c h n o l o g y  used  i n  most major  
s teel  produc ing  c o u n t r i e s .  I n  1975, a b o u t  390 m i l l i o n  t o n s  o f  
s teel ,  o r  a b o u t  5 3  p e r c e n t  o f  a l l  s teel  produced was manufac tured  
u s i n g  t h i s  t echnology .  At t h i s  t i m e ,  t h e r e  were more t h a n  500 
BOFs of  d i f f e r e n t  c a p a c i t i e s  i n  o p e r a t i o n  and a b o u t  70 under  con- 
s t r u c t i o n  (see F i g u r e  2 )  . 

T 

I N  OPERATION 
----- UNDER CONSTRUCTION 

Figure 2. Basic oxygen furnaces worldwide, 1975. 
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Two p r o p e r t i e s  o f  t h e  BOF technology--high p r o d u c t i v i t y  and 
speed- - l imi ted  f o r  some t i m e  t h e  p o s s i b i l i t y  o f  p roduc ing  q u a l i t y  
s tee l  i n  a n  o p t i m a l  way. To improve t h i s  s i t u a t i o n ,  BOF t e c h -  
nology should  b e  implemented j o i n t l y  w i t h  computer-aided informa-  
t i o n  sys tems .  

The sys tems  c o n s i d e r a t i o n  o f  t h e  j o i n t  o p e r a t i o n  of t h e s e  
t e c h n i q u e s  demands t h a t  b o t h  be viewed a s  p a r t  of a  l a r g e - s c a l e  
system.  The BOF technology  i s  a  p a r t  of an i n t e g r a t e d  steel  
p l a n t ,  and t h e  computer i s  a  p a r t  o f  t h e  i n t e g r a t e d  c o n t r o l  and 
management system.  Moreover,  t h e  l a r g e - s c a l e  system b e i n g  con- 
s i d e r e d  i s  l i m i t e d  by e x t e r n a l  c o n d i t i o n s  such  a s  t h o s e  imposed 
by t h e  environment  and by s o c i e t y .  The system c o n s i d e r a t i o n  de-  
mands a n  a n a l y s i s  of bo th  t h e  a c t u a l  t echnology  and t h e  e x t e r n a l  
f a c t o r s .  

L e t  u s  c o n s i d e r  s e v e r a l  examples of t h e s e  c o n s t r a i n t s .  
From t h e  p o i n t  of view of  a b s o l u t e  v a l u e ,  s tee l  i s  t h e  t h i r d  
i n d u s t r i a l  p r o d u c t  a f t e r  c o a l  and o i l .  S t e e l  m a n u f a c t u r i n g  i n  
BOFs demands a  g r e a t  amount of r e s o u r c e s ,  e . g .  raw m a t e r i a l s ,  
w a t e r ,  and energy .  The a v e r a g e  steel p l a n t ,  w i t h  an  a n n u a l  
p r o d u c t i o n  l e v e l  of 6 x 106 t o n s  o f  s teel  demands f o r  o p e r a t i o n  
(103 t o n s / y e a r )  3348 c o a l ,  8100 i r o n  o r e ,  920 l i m e s t o n e ,  8262 
h o t  b l a s t ,  432 oxygen, 1080 s c r a p  i r o n ,  e tc.  These p l a n t s  de- 
mand 89.6 k l  p e r  hour  of heavy o i l  and 2.25 b i l l i o n  kwh p e r  y e a r  
of  e l e c t r i c i t y  power [2]. 

The energy  consumption p e r  t o n  o f  f i n i s h e d  steel  u s i n g  d i f -  
f e r e n t  s t e e l m a k i n g  t e c h n o l o g i e s  i s  shown below i n  Tab le  1 .  

T a b l e  1 .  Energy consumption i n  s t e e l m a k i n g  [3]. 

Process  
Consumption 
106 k c a l / t  

Open-hearth i n g o t  11.7 

BOF and cont inuous c a s t i n g  10.3 

I d e a l  o r  p e r f e c t  system 1.75 

The u s e  of t h e  BOF technology  improves t h e  e f f i c i e n c y  of  
s t e e l m a k i n g  and ,  i n  p a r t i c u l a r ,  r e d u c e s  t h e  amount o f  energy  
consumed a s  much a s  12 p e r c e n t .  However, t h e  BOF technology  i s  
f a r  from b e i n g  a  p e r f e c t  o r  i d e a l  system.  The improvement o f  
t h e  techno-economic i n d i c e s  f o r  t h e  BOF technology  i s  an  impor- 
t a n t  problem t h a t  shou ld  b e  c o n s i d e r e d .  

The s t e e l  i n d u s t r y ,  and p a r t i c u l a r l y  BOF, i s  one  of  t h e  
major  p o l l u t e r s  of t h e  environment ;  T a b l e  2 shows some c h a r a c t e r -  
i s t i cs  of  d i f f e r e n t  k i n d s  of p o l l u t a n t s  (41. About one t h i r d  o f  



t h e  p a r t i c u l a t e s  a r e  genera ted  by s tee lmaking ,  though t h e  c l ean -  
i n g  system reduces  t h i s  f r a c t i o n  cons ide rab ly .  Decreasing t h e  
amount of p o l l u t i o n  i s  a g o a l  t h a t  should be g iven  a h igh  p r i o r i t y .  

Table  2 .  P o l l u t a n t s  r e s u l t i n g  from t h e  s tee lmaking  p roces s .  

A f t e r :  [ 4 ]  

- 

3 
1 0  t o n s / l o 6  t o n s  s t e e l  

I P a r t i c u l a t e s  1 
Process  

P i g  I r o n  Making 0 .300 

S i n t e r i n g  

Coke Making 

Steelmaking 

Teeming 

I 

28.8 - 
% 30.5 

9.28 - 
% 9.8 

R o l l i n g  

Generated Generated 

TOTAL 

Exhausted Exhausted 

0.750 

38.0 

0 .100 - 
8.5 

0.517 

10 .1  

3.330 

64.9 

0.098 - 
6.8 

0.61 - 

4.30 



About 2 .5  m i l l i o n  people work i n  t h e  s t e e l  i n d u s t r y  under 
ve ry  d i f f i c u l t  cond i t i ons  [5]. I f  t h e  a b s o l u t e  o u t p u t  r i s e s  
w i thou t  improved technology,  t hen  t h a t  number i n  1980  could be 
a s  h igh  a s  3.3 m i l l i o n .  Thus t h e  problem of improving technology 
(and i n c r e a s i n g  p r o d u c t i v i t y )  is  of  g r e a t  importance.  

The j o i n t  development of t h e  i n d u s t r i a l  technology and t h e  
i n fo rma t ion  technology can  h e l p  t o  so lve  most of  t h e s e  problems. 
I n  g e n e r a l ,  t h e  o v e r a l l  o b j e c t i v e  of computer a p p l i c a t i o n  i n  
BOFs i s  t o  improve t h e  e f f i c i e n c y  of t h e  technology by conserv-  
i n g  r e sou rces ,  dec reas ing  t h e  amount of p o l l u t i o n ,  and by mini- 
mizing c o s t s .  Th i s  o b j e c t i v e  can  be achieved  by means of 
o p e r a t i o n a l  c o n t r o l  and management, r e s e a r c h  and development 
of e x i s t i n g  technology,  and des ign  of a  new technology o r  tech-  
n o l o g i c a l  u n i t  (F igure  3 ) .  

DATA 
------------- 

Figure 3. Computer operations in the BOF 

The e x i s t i n g  BOF technology should be controlled a n d  managed 
operationally. Computer-based c o n t r o l  of BOF technology poses 
ve ry  s e r i o u s  problems. S ince  t h e  BOF i n s t a l l a t i o n  does  no t  oper-  
a t e  s e p a r a t e l y  and i s  p a r t  of a  l a r g e - s c a l e  product ion  system, 
i t s  c o n t r o l  and management cannot  be c a r r i e d  o u t  s e p a r a t e l y .  
Also,  t h e  computer system i n s t a l l e d  i n  t h e  BOF is  g e n e r a l l y  
p a r t  of o t h e r  l a r g e - s c a l e  computer systems.  For example, t h e  
management of a  combined ope ra t ion  of BOFs and cont inuous  c a s t -  
i ng  machines (CCM) is  one method t h a t  could l e a d  t o  i nc reased  
e f f i c i e n c y  f o r  bo th  o p e r a t i o n s .  



Every technology, and BOF in particular, should be con- 
sidered a developing system whose characteristics and indices 
require continuous improvements. These improvements can be 
achieved through r e s e a r c h  which can be conducted on a computer 
application basis. 

Research and development of modern technologies can pro- 
vide a basis for the d e s i g n  of a new technology. For example, 
the continuous steelmaking process can be developed on the basis 
of the BOF technology. Computer application for the design of 
new processes, units, or large-scale industrial systems can be 
an effective tool. Let us now consider the application of com- 
puters for these three activities using as an example the develop- 
ment and use of mathematical models. For each of these activ- 
ities, the models will differ in complexity, detail, and aggre- 
gation. 

MODEL DEVELOPMENT 

Data about the system to be modeled (off-line or on-line) 
are needed to develop a mathematical model. We will consider 
the system, objective-oriented approach in discussing the develop- 
ment and use of mathematical models. 

Figure 4 shows the hierarchy of different types of models. 
There are m o d e l s  f o r  p r o c e s s  c o n t r o l  which are solved on line 
in accordance with the process cycle. These include a set of 
coordinating models for coordinating the production processing 
of different units, and a planning and scheduling model solved 
in accordance with the planning and scheduling cycle. R e s e a r c h  
m o d e l s  are used periodically. Optimizing the technological 
processes by changing the conditions (different raw materials, 
units of construction, etc.) can be carried out using an off- 
line solution of research models. Finally, s p e c i a l  purpose  
m o d e l s  are used for designing new processes. 

The general procedure for developing mathematical models 
is shown in Figure 5. A study of the real system may show that 
the model as developed originally cannot solve the problem, 
thus requiring a more accurate redefinition of the goals of the 
modeling exercise. Also, after verifying the model on the basis 
of real data, it may be necessary to adjust the model, e.g., by 
changing the structure or by making the coefficients of the model 
more precise. The utilization of the model should improve the 
existing system or contribute to the development of a new one. 

Various methods exist for developing the model from the 
information viewpoint (Figure 6). An a n a l y t i c a l  model (often 
called a physical model, see A in Figure 6) can be developed 
on the bases of modern science, theoretical knowledge, and 
experience in the field under consideration. An e x p e r i m e n t a l  
model (often called a statistical model, see B in Figure 6) can 
be developed using the black-box principle, taking into consider 
ation the behavior of the input and output parameters. 
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Another way t o  develop a mathematical model i s  t o  conduct 
a study of a p i l o t  technology (see  C i n  Figure 6 ) .  The study 
can be conducted i n  s p e c i a l  p i l o t  u n i t s  o r  i n  i n s t a l l a t i o n s ,  
with a view t o  iden t i fy ing  separa te  processes i n  the  technology, 
t o  designing a new technology, e t c .  The r e s u l t s  of these  in -  
v e s t i g a t i o n s  can be used f o r  developing t h e  mathematical model 
on an experimental bas i s .  

The advantages and disadvantages of a n a l y t i c a l  and exper i -  
mental approaches a r e  wel l  known. Applying a combination of 
both types  of models i s  even more advantageous (see  AB, A C ,  
ABC i n  Figure 6 ) .  These combined models use c l a s s i c a l  laws and 
experimental d a t a  ( e .g . ,  c o e f f i c i e n t s  and equa t ions ) ,  and a r e  
most widely used i n  technological  f i e l d s .  

Table 3 shows some f e a t u r e s  of model development f o r  d i f -  
f e r e n t  purposes. A number of f a c t o r s  must be considered when 
studying t h e  system from a modeling viewpoint. For iden t i fy ing  
opera t iona l  (management and c o n t r o l )  and research problems, da ta  
e x i s t  on the  technological  system t h a t  can be used f o r  model 
development. As f o r  the  development of models f o r  designing 
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new t e c h n o l o g i e s ,  t h e r e  i s  o f t e n  some d e l a y  o r  t h e  model de- 
s c r i p t i o n  i s  n o t  p r e c i s e  owing t o  a  l a c k  of  r e a l  d a t a .  I n  t h e  
l a t t e r  c a s e ,  p r ev ious  expe r i ence  cou ld  be  used o r  a n  ana log  
t e c h n o l o g i c a l  system cou ld  be  s t u d i e d .  N e v e r t h e l e s s ,  t h e r e  
may s t i l l  be  i n s u f f i c i e n t  i n fo rma t ion  f o r  deve lop ing  t h e  v e r i f y -  
i n g  d e s i g n  models s i n c e  d a t a  a r e  needed f o r  app ly ing  t h e  s t a t i s -  
t i c a l  method t o  t h e  development o f  t h e s e  models.  

Ope ra t i ona l  models should  be so lved  on l i n e  i n  accordance  
w i th  t h e  t e c h n o l o g i c a l  c y c l e  and have a  h igh  accu racy  l e v e l ;  t h e  
l a t t e r  de t e rmines  t h e  p r o p e r t i e s  o f  models such  a s  l i m i t e d  s i z e ,  
and u n i v e r s a l  computer implementat ion.  

I n  d i s c u s s i n g  model development and d a t a  s e l e c t i o n  w i th  
r e s p e c t  t o  computer a p p l i c a t i o n  i n  BOFs, it i s  n e c e s s a r y  t o  
stress t h a t  one of  t h e  e l emen t s  of a  sys tems  approach should  
be  concerned w i th  problem o r i e n t a t i o n  f o r  a l l  p rocecu re s  and 
t e c h n i q u e s .  

The s t udy  of a  s imu la t ed  system i n c l u d e s  i d e n t i f y i n g  t h e  
main i n p u t  and o u t p u t  pa r ame te r s ,  g rouping  t h e  s i m i l a r  p r o c e s s e s ,  
and d i v i d i n g  t h e  system i n t o  s e v e r a l  e lementary  subsystems (see 
F i g u r e  7 ) .  The BOF technology  can  a l s o  be c o n s i d e r e d  a  comple te  
e n t i t y .  I n  t h i s  c a s e  t h e  connec t i on  between i n p u t  and o u t p u t  
pa r ame te r s  c a n  be found w i thou t  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  
e l emen ta ry  subprocesses .  

SLAG FORMATION3 

I 

t I 1  

HEATING AND 
SOLUBILITY - b 

A SOLID ADDITIVES4 6,(t) 

Parameters P 
Uo,i . oxygen and fuel rate Gi : metal flow 

Xme : carbon concentration @,(t) : reaction constant 



MODELS FOR OFF-LINE COMPUTER APPLICATION 

Let us start with an example of computer application for 
the design of a new technology. The development of new process- 
es demands the solution to many problems, for example, the 
identification of conditions for stabilizing the on going pro- 
cesses in the continuous steelmaking technology. The stability 
of these processes depends on furnace capability, productivity, 
storage, etc. Figure 8 shows the scheme of a continuous steel- 
making installation. The ongoing processes in each of the 
furnaces are typical of the BOF technology. The need to coordi- 
nate the combined output of all the furnaces should be taken into 
consideration in designing the new technology. 

The main purposes of the model are to describe the dynamic 
behavior of the process parameters, and to identify the optimal 
conditions for operational control of all furnaces. 

For the model's input parameters, the oxygen and fuel rate, 
Uoxi, have been considered. The controllable quantities (output 

parameters) are the carbon concentration Xme, and the temperature. 

A special characteristic of this new technology which was taken 
into account by the model builders, is the metal flow Gi from 
one furnace to another. 

A block diagram of the mathematical model is given in 
Figure 8. The model is composed of three blocks; each describes 
the process in one furnace, based on the basic laws of mass 
action and mass and heat conservation. 

Approximately 20 equations, including 1 0  nonlinear differ- 
ential equations, are contained in the model. An analog com- 
puter was used to simulate the model. No data exist for develop- 
ing and verifying the model because the modeling technology does 
not exist. Valuable information can be acquired on the simula- 
tion process, that may be used in developing a new technology. 

Many static and dynamic characteristics have been acquired 
as a result of mathematical modeling; one example is the dynam- 
ics of carbon concentration in each of the furnaces (Figure 9). 
The practical results of this modeling exercise include the 
identification of a number of alternatives for the design of 
the new technology and recommendations for the operation of a 
pilot installation. 

Off-line computer application is useful for improving the 
techno-economic indices of BOFs, in particular for increasing 
the metal yield from a charge, based on the optimization of the 
process parameters. 



OXYGEN, 

[x,li = CARBON CONCENTRATION STEEL 

Parameters 

Uoxi : oxygen and fuel rate Om(t): reaction constant 

Xme : carbon concentration : time 

Gi : metal flow 

Fig~ln* t i .  

SolrnT: [Ill 



TIME. hr 

PRODUCTIVITY 6:  =- 15 T/hr 

Figure 9. 
Sour(:(:: [81 

For  t h i s  purpose  t h e  model c a n  be s o l v e d  o f f - l i n e ,  and c a n  
have any complex i ty ;  p r o c e s s  d a t a  can  be made a v a i l a b l e  f o r  
model a d a p t a t i o n ;  s o l u t i o n  t i m e  i s  u n l i m i t e d ;  demand f o r  model 
a c c u r a c y  is  n o t  h igh .  Taking t h e s e  c o n s t r a i n t s  i n t o  c o n s i d e r -  
a t i o n ,  t h e  combined e x p e r i m e n t a l  and a n a l y t i c a l  approach  can  b e  
used  t o  d e v e l o p  t h e  mathemat ica l  model (see AB i n  F i g u r e  6 ) .  
F i g u r e  10 shows t h e  scheme o f  t h e  model.  
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The model is a system of 48 linear and nonlinear equations 
including 13 differential equations. Two types of computers 
have been used for solving this model: an analog computer for 
the structural identification of the preliminary model, and a 
universal computer for detailed simulation of different types 
of technology. 

Figure 1 1  shows one result of this investigation. The 
modern trend in BOF technology is to increase the specific 
oxygen consumption from 2 to 6-7 m3/t/min in order to increase 

NUMBERS BY CURVE -OXYGEN VALUE, 

m 3 /  mint t 

Figure 1 1 .  



p r o d u c t i v i t y .  T h i s  i n c r e a s e  h a s  a  number of  consequences;  f o r  
example,  by i n c r e a s i n g  t h e  oxygen consumption t h e  m e t a l s  r e a c h  
t h e  e n d - p o i n t  t e m p e r a t u r e  a t  a  much f a s t e r  r a t e  t h a n  t h e  ca rbon  
c o n c e n t r a t i o n .  The c a r b u r i z a t i o n  r a t e  may r e a c h  0 . 6 0  p e r c e n t  
p e r  minu te .  These d a t a  a r e  v e r y  i m p o r t a n t  f o r  c o n s t r u c t i n g  an  
e x h a u s t  system.  

The i n f l u e n c e  o f  d i f f e r e n t  p a r a m e t e r s  on t h e  m e t a l  y i e l d  
h a s  a l s o  been i n v e s t i g a t e d .  F i g u r e  12 shows t h e  i n f l u e n c e  of  
t h e  f r a c t i o n  of  s c r a p  i n  t h e  c h a r g e ;  t h e  maximum y i e l d  i s  ob- 
t a i n e d  w i t h  a b o u t  25 p e r c e n t  s c r a p  i n  t h e  c h a r g e .  

FRACTION OF SCRAP IN CHARGE (%) 

Computer a p p l i c a t i o n  and modeling a l l o w s  one t o  s t u d y  t h e  
macroprocesses  and t h e  microphys ica l -chemica l  p r o c e s s e s  o f  BOFs. 
For  t h i s  purpose ,  a  d e t a i l e d  model i n c l u d i n g  a b o u t  50 l i n e a r  and 
n o n l i n e a r  d i f f e r e n t i a l  e q u a t i o n s  was deve loped  on a n  a n a l y t i c a l  
b a s i s .  The p r a c t i c a l  d a t a  have been used  f o r  v e r i f y i n g  t h e  
model. 

F i g u r e  13 shows t h e  dynamics of  ca rbon  o x i d a t i o n ,  h e a t i n g  
and s c r a p  s o l u t i o n  u s i n g  d i f f e r e n t  oxygen t h r o u g h p u t s  and t h e  
f r a c t i o n  of  s c r a p  i n  t h e  c h a r g e .  F i g u r e  14 shows t h e  f r a c t i o n  
of d i r e c t  d e c a r b u r i z a t i o n  ( i n  t h e  r e a c t i o n  C + 0  = CO) i n  t o t a l  
d e c a r b u r i z a t i o n .  T h i s  t y p e  o f  i n f o r m a t i o n  i s  v e r y  d i f f i c u l t  t o  
o b t a i n  from o t h e r  methods ( e . g .  e x p e r i m e n t a l ) .  



O
X

Y
G

E
N

 T
H

R
O

U
G

H
P

U
T

, 
a

-2
.1

 

m
3

/t
 m

in
 

b
-5

.0
 

c
-7

.0
 

W
E

IG
H

T
 O

F
 

1
-3

0
.0

 
S

C
R

A
P

 I
N

 C
H

A
R

G
E

, 
I
 

2
.3

5
.0

 
(F

O
R

 1
31

 B
O

F
l 

3
-4

0
.0

 
M

E
L

T
IN

G
 P

O
IN

T
S

 

0
 

5 
10

 
15

 
20

 
25

 
ti

m
e
, 

m
on

 

O
X

Y
G

E
N

T
H

R
O

U
G

H
P

U
T

, 
a

-2
.1

 

m
3

/t
 m

in
 

b
-5

.0
 

c 
-7

.0
 

W
E

IG
H

T
 O

F
 S

C
R

A
P

 
IN

 C
H

A
R

G
E

, t
 

(F
O

R
 1

3
0

1
 B

O
F

I 

Fi
gu

re
 1

3.
 

Fi
gu

re
 1

4.
 



MODELS FOR ON-LINE COMPUTER APPLICATION 

Computer a p p l i c a t i o n  f o r  operationat controt and management 
is  a  b road  f i e l d  t h a t  h a s  r e c e i v e d  a t t e n t i o n  i n  t h e  l i t e r a t u r e  
( e . g .  [ 6 1 ) .  

About 80 computer  s y s t e m s  a r e  o p e r a t i n g  i n  BOFs around t h e  
w o r l d ,  based  m o s t l y  o n  s t a t i c  mode l s ,  some ( a b o u t  20) h a v i n g  
a l s o  dynamic e l e m e n t s .  While t h e r e  i s  no d o u b t  t h a t  computer  
a p p l i c a t i o n  f o r  o p e r a t i o n a l  c o n t r o l  i s  e c o n o m i c a l l y  e f f i c i e n t ,  
o n l y  a b o u t  1 5  t o  20 p e r c e n t  o f  a l l  BOFs w i t h  a  c a p a c i t y  o f  more 
t h a n  100 t a r e  c o n t r o l l e d  by compute r s .  T h e r e  a r e  s e v e r a l  
r e a s o n s  f o r  t h i s  i n c l u d i n g  t r a d i t i o n a l  i n v e s t m e n t  d i f f i c u l t i e s ,  
and  t e c h n i c a l  problems.  For  example ,  t h e  l a c k  o f  s e n s i t i v i t y  
e l e m e n t s ,  i m p e r f e c t  models ,  and t h e  i n a c c u r a c y  o f  i n d i r e c t  
i n f o r m a t i o n  make t h e  broad u s e  o f  compute r s  d i f f i c u l t .  

There  a r e  s e v e r a l  ways t o  improve t h e  e f f i c i e n c y  o f  computer  
a p p l i c a t i o n  f o r  BOF c o n t r o l .  The p r e d i c t i o n  o f  e n d - p o i n t  con- 
d i t i o n s  u s i n g  t h e  s t a t i c  model and  computers  makes it p o s s i b l e  
t o  improve t h e  techno-economical  i n d i c e s .  The e x t r e m e l y  dynamic 
p r o p e r t i e s  o f  t h e  BOF t e c h n o l o g y  have been t a k e n  i n t o  c o n s i d e r -  
a t i o n  i n  t h e  model.  

A  dynamic model based  on d i f f e r e n t i a l  e q u a t i o n s  had been 
u s e d  t o  p r e d i c t  t h e  b e h a v i o r  and f i n a l  s t a g e  of  t h e  p r o c e s s  
p a r a m e t e r s  [ 7 , 8 ] .  Three  k i n d s  o f  dynamic p r o c e s s e s  a r e  con- 
s i d e r e d  i n  t h i s  model: s l a g  b u i l d i n g ,  oxygen p r o c e s s e s ,  and 
h e a t  and m a t e r i a l  b a l a n c e .  The i n p u t  p a r a m e t e r s  c o n s i d e r e d  
a r e  t h e  oxygen t h r o u g h p u t  and  t h e  amount o f  any a d d i t i o n a l  re- 
s o u r c e s .  The o u t p u t  p a r a m e t e r s  a r e  t h e  t e m p e r a t u r e  and t h e  
c o m p o s i t i o n  o f  t h e  m e t a l s .  The model i s  a  s y s t e m  o f  8 t h  o r d e r  
d i f f e r e n t i a l  e q u a t i o n s .  The g e n e r a l  s t r u c t u r e  o f  t h e  model is  
shown i n  F i g u r e  10.  T h e r e  a r e  s e v e r a l  unknown c o e f f i c i e n t s  i n  
t h e  model which have t o  b e  i d e n t i f i e d .  Because t h e  BOF t e c h -  
no logy  i s  s t o c a s t i c  and  e x p e r i e n c e  p l a y s  a n  i m p o r t a n t  r o l e  i n  
t h i s  t e c h n o l o g y ,  t h e  i d e n t i f i c a t i o n  p r o c e d u r e  i s  r e p e a t e d  i n  
e a c h  o f  t h e  p r o d u c t i o n  c y c l e s .  The d a t a  f o r  s e v e r a l  p r e v i o u s  
p r o d u c t i o n  c y c l e s  may b e  used  f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t s  
With t h e  newly i d e n t i f i e d  c o e f f i c i e n t s ,  t h e  s u b s e q u e n t  produc-  
t i o n  c y c l e  c a n  t h e n  b e  p r e d i c t e d  on t h e  b a s i s  o f  t h i s  model.  

The model a n d  a d a p t a t i o n  a l g o r i t h m  was s o l v e d  on a  u n i v e r s a l  
computer  and t h e  t i m e  r e q u i r e d  f o r  t h i s  s o l u t i o n  was 0.5 m i n u t e s ,  
which i s  a c c e p t a b l e  f o r  a  g i v e n  p r o d u c t i o n  c y c l e .  The dynamic 
model i s  more a c c u r a t e  i n  t h i s  c a s e .  

S i n c e  t h e  BOF is a n  i n t e g r a t e  p a r t  o f  l a r g e - s c a l e  i n d u s t r i a l  
complexes ,  o n e  p u r p o s e  o f  o p e r a t i o n a l  c o n t r o l  i s  t o  c o o r d i n a t e  
t h e  o p e r a t i o n s  o f  BOFs and o t h e r  complexes .  F o r  example ,  l e t  
u s  c o n s i d e r  t h e  c o o r d i n a t i o n  o f  BOFs and CCMs. The d u r a t i o n  o f  
t h e  BOF and t h e  CCM c y c l e s  d i f f e r .  To a c h i e v e  o p t i m a l  r e s u l t s  
( e . g . ,  maximizing p r o d u c t i v i t y ) ,  t h e  f r e q u e n c y  o f  t h e  h e a t  
p r e p a r a t i o n  i n  t h e  oxygen c o n v e r t e r  complex s h o u l d  c o r r e s p o n d  



t o  t h e  p r o d u c t i v i t y  of t h e  CCM. This  i s  p o s s i b l e  t o  achieve  by 
means of scheduling.  The coord ina t ing  model and t h e  correspond- 
i n g  a lgo r i thm have been developed f o r  schedul ing  i n  t h e s e  com- 
p l exes  [ 9 ] .  

The product ion  c y c l e  being cons idered  c o n s i s t s  of t h r e e  
t a s k s :  mel t ing  i n  t h e  BOF, prepar ing  f o r  c a s t i n g ,  and c a s t i n g .  
The ve ry  complex BOF technology i s  cons idered  a s i n g l e  t a s k  
wi th in  t h e  o v e r a l l  system and simple models can  be used t o  de- 
s c r i b e  t h i s  and o t h e r  t a s k s  i n  t h i s  product ion  c y c l e .  

The number of BOFs and CCMs a r e  cons idered  r e sources .  The 
o b j e c t i v e  f u n c t i o n  i s  t h e  completion t ime f o r  a l l  p roduct ion  
cycles- -e .g . ,  me l t ing ,  p repa ra t ion ,  c a s t i n g .  The model is  a 
r e l a t i v e l y  easy  system of dynamic f i n i t e - d i f f e r e n c e  equa t ions .  

The a lgo r i thm used f o r  so lv ing  t h i s  problem i s  based on 
t h e  success ive  approximation method and s t anda rd  procedures.  
These scheduled models should a l s o  be so lved  i n  r e a l  t ime i n  
o r d e r  t o  p r e d i c t  t h e  a c t u a l  s t a t e  of t h e  complexes. 

The r e s u l t s  of t h i s  s imu la t ion  us ing  r e a l  d a t a  have been 
w r i t t e n  i n  t h e  form of a Ghand diagram ( s e e  F igu re  1 5 ) .  F igu re  
15 shows t h e  sequence of t h e  t a s k s  f o r  f i v e  product ion  c y c l e s  
of t h e  t h r e e  BOFs and CCMs s tud ied .  The model and t h e  a lgor i thm 
can  be used both  f o r  t h e  o p e r a t i o n a l  management of t h e  i n d u s t r i a l  
complexes and f o r  des ign  purposes.  The optimal  number of BOFs 
and CCMs can be chosen t o  achieve  t h e  r equ i r ed  p r o d u c t i v i t y .  

PROBLEMS OF INTEGRATION 

Developing and implementing an i n t e g r a t e d  management system 
is  a ve ry  d i f f i c u l t  problem, e s p e c i a l l y  f o r  i n t e g r a t i n g  e x i s t i n g  
subsystems t h a t  were developed and i n s t a l l e d  a t  d i f f e r e n t  t imes  
and under d i f f e r e n t  c o n d i t i o n s  and which a r e  s t i l l  i n  o p e r a t i o n  
a t  t h e  p r e s e n t  time. Th i s  s i t u a t i o n  i s  t y p i c a l  f o r  most s t e e l  
companies. I n  some c a s e s  t h e r e  is  a tendency t o  d e l a y  i n t e g r a t i o n  
and t o  develop only  s p e c i a l  subsystems. 

The i n t e g r a t i o n  of subsystems i s  d i f f i c u l t  f o r  a number of 
reasons :  d i f f e r e n t  k inds  of t a s k s  r e q u i r i n g  s o l u t i o n s  a t  d i f -  
f e r e n t  c o n t r o l  and managerial  l e v e l s ,  d i f f e r e n t  product ion  shops, 
e t c .  The i n t e g r a t i o n  of t h e  system, viewed a s  a l a r g e  p r o j e c t ,  
cannot  be developed and i n s t a l l e d  i n  one s t e p .  Also, t h e  r a p i d  
development of  computer techniques  makes t h e  subsystems i n s t a l l e d  
i n i t i a l l y  o b s o l e t e .  Genera l ly ,  t h i s  i s  a f i n a n c i a l  problem which 
many f i r m s  g i v e  a low investment  p r i o r i t y .  

The concept  of i n t e g r a t e d  management systems i s  we l l  de-  
veloped i n  a number of s t e e l  f i r m s  and a l s o  i n  some non- s t ee l  
o r g a n i z a t i o n s .  The s t a t e - o f - t h e - a r t  review of i n t e g r a t e d  con- 
t r o l  systems f o r  t h e  s t e e l  i n d u s t r y  was prepared by IIASA, based 
on a s tudy of i n t e r n a t i o n a l  exper ience  121. A s  a r e s u l t  of t h i s  
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s t u d y  t h e  f u n c t i o n a l  s t r u c t u r e  o f  a n  i d e a l i z e d  computer-based 
i n t e g r a t e d  sys tem h a s  been d e v e l o p e d .  An example o f  such  a  
sys tem i s  p r e s e n t e d  i n  F i g u r e  1 6 .  A s  a  r u l e  such  s y s t e m s  a r e  
o r g a n i z e d  a t  t h r e e  o r  f o u r  l e v e l s .  
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FACE ( 1 )  

Lqend for Figure 

(1) Man-machina intarfaca: 
includes keyboard, printer display 
panel. auto 110 signal, atc. 

(2) Minicomputer: 
Positioning control 
Sequence control 

13) BOF control: 
End-point control 
Charge calculat~ons 
Operating lnstructlons 
Production control onformat~on 
technocal raport 

(51 Hot strip mill cuntrol: 
Reheat furnace control 
Mill pacing 
Mill laning 
Adaptive control 
Spray control 
Coiler wtup 
Technical report 

(6) Annealing p r o m  control: 
Combustion control 
Timing control 
Production control information 
Technical report 

(4) Slabbing, blooming, billeting mill control: I71 Cold strip mill control: 
Scheduling Mill setup 
Combustion control Adaptive control 
Mill setting and sequence control Tension control 
Production control information Automatic wquance control 

Tachnieal renort 

F~gurc. 16. (hmpulerized control sys lrn~  for modern steelwo~ks.  

Source: [ 2 ]  



There  a r e  s e v e r a l  c h a r a c t e r i s t i c s  o f  t h e  s y s t e m  wor th  n o t i n g  
h e r e .  

The sys tem i s  hardware  o r i e n t e d ;  each  b l o c k  d e n o t e s  t h e  
f u n c t i o n s  c a r r i e d  o u t  by a  s e p a r a t e  computer .  There  i s  a n  
o r d e r i n g  w i t h  r e s p e c t  t o  t h e  s i z e  and number o f  compute r s  em-  
p loyed  a t  each  l e v e l ;  i . e . ,  t h e r e  t e n d s  t o  b e  fewer  s e p a r a t e  
compute r s  b u t  o f  p r o g r e s s i v e l y  l a r g e r  s i z e  a s  we p roceed  up t h e  
h i e r a r c h y .  I n d e e d ,  a t  t h e  l o w e s t  l e v e l ,  t h e r e  a r e  a  number o f  
min icompute r s  a s s i g n e d  t o  s p e c i a l  p u r p o s e  t a s k s .  

The c o n s i d e r a t i o n  o f  hardware  h a s  n o t  been a  dominant  f a c t o r  
i n  t h e  h i e r a r c h i c a l  s t r u c t u r e  deve loped  h e r e ,  and is  n o t  ex-  
p l i c i t  i n  t h e  f o r m u l a t i o n .  

The i n f o r m a t i o n  f l o w  f o l l o w s  t h e  g e n e r a l  p a t t e r n  o f  t h e  
h i e r a r c h i c a l  s t r u c t u r e :  d e c i s i o n  and c o n t r o l  a c t i o n s  p roceed  
from suprema1 t o  i n f e r i o r  c o n t r o l  u n i t s ,  and t h e r e  i s  in forma-  
t i o n  f e e d b a c k  on t h e  r e s u l t s  o f  p r i o r  a c t i o n s .  I n f o r m a t i o n  a l s o  
f l o w s  h o r i z o n t a l l y  whereby i n t e r a c t i n g  u n i t s  a t  t h e  same l e v e l  
r e c e i v e  i n f o r m a t i o n  on d e c i s i o n s  of o t h e r  u n i t s  t h a t  a f f e c t  
t h e i r  d e c i s i o n m a k i n g .  

The man-machine i n t e r f a c e s  a r e  a  v e r y  e x p l i c i t  and i m p o r t a n t  
p a r t  of t h e  i n t e g r a t e d  sys tem.  T h i s  a g a i n  r e f l e c t s  t h e  hardware  
o r i e n t a t i o n ;  i n  o u r  f o r m u l a t i o n  of t h e  sys tem,  t h e  operator-com- 
p u t e r  communication r e q u i r e m e n t s  a r e  i m p l i e d  t h r o u g h  t h e  i n f o r -  
m a t i o n  p r o c e s s i n g  f u n c t i o n s .  

Other  a s p e c t s  of t h e  sys tem s t r u c t u r e  ( e . g . ,  c o n s i d e r a t i o n  
o f  t h e  e f f e c t s  o f  d i s t u r b a n c e s  and c o n t i n g e n c y  e v e n t s ,  c o o r d i  
n a t i n g  c o n t r o l  o f  i n t e r a c t i n g  p r o d u c t i o n  u n i t s ,  and a n  o r d e r i n g  
o f  dec i s ionmaking  a c c o r d i n g  t o  a  t i m e  s c a l e )  a r e  n o t  shown 
e x p l i c i t l y  on t h e  d iagram;  however,  most of t h e s e  a p p e a r  t o  b e  
a n  i n t e g r a l  p a r t  o f  t h e  f u n c t i o n s  l i s t e d .  

Wi th in  t h e  framework o f  IIASA's work on computer  a p p l i c a t i o n  
i n  t h e  s t e e l  i n d u s t r y ,  l e v e l s  o f  c o m p u t e r i z a t i o n  were a n a l y z e d  
[21. E i g h t e e n  s t e e l  f i r m s  w i t h  a b o u t  t h e  same a n n u a l  s a l e s  p e r  
employee ( U S  $38,000-48,000 p e r  employee) were s t u d i e d .  The 
l e v e l  o f  c o m p u t e r i z a t i o n ,  e x p r e s s e d  a s  a  c o r e  nemory of i n -  
s t a l l e d  compute r s  p e r  employee was found t o  b e  equal- -namely,  
73 t o  88 bytes /employee,  i n d e p e n d e n t  o f  s i z e  of p l a n t  o r  f i r m .  
For  a  number o f  f i r m s  o r  p l a n t s  t h i s  i n d e x  i s  h i g h e r  t h a n  a v e r -  
age- -e .g . ,  Kogevence E s t e l  i n  t h e  N e t h e r l a n d s  and i n  t h e  FRG 
w l t h  160 bytes /employee;  Kimitzu NSC i n  J a p a n  w i t h  150 b y t e s /  
employee. It  i s  i n t e r e s t i n g  t h a t  t h i s  i n d e x  h a s  a p p r o x i m a t e l y  
t h e  same v a l u e  i n  o t h e r  i n d u s t r i a l  s e c t o r s :  e . g . ,  c h e m i c a l s  
25 t o  120 bytes /employee;  machine b u i l d i n g  73 t o  95 b y t e s /  
employee. T h i s  t e c h n i c a l  i n d e x  does  n o t  c h a r a c t e r i z e  t h e  s o c i o -  
economic a s p e c t s  o f  computer  a p p l i c a t i o n .  

The l e v e l  of c o m p u t e r i z a t i o n  of t h e  s t e e l  i n d u s t r y  a s  a 
whole c a n  a l s o  b e  d e s c r i b e d  i n  t e r m s  of t h e  c o s t  of t h e  computer  



i n s t a l l a t i o n  p e r  m i l l i o n  t o n s  o f  s t e e l  produced a n n u a l l y .  T a b l e  
4 g i v e s  t h e s e  i n d i c e s  f o r  d i f f e r e n t  r e g i o n s  and c o u n t r i e s .  

T a b l e  4 .  C o s t  of  computer i n s t a l ' l a t i o n  p e r  m i l l i o n  t o n s  
of  s t e e l  ( i n  1000 US $ 1  [ l o ] .  

Western Europe 

USA 

Japan 

The J a p a n e s e  s t e e l  i n d u s t r y  h a s  a  much h i g h e r  l e v e l  o f  computer- 
i z a t i o n  a s  compared t o  t h a t  of  Western Europe and t h e  USA f o r  
a  number o f  r e a s o n s  t h a t  a r e  connec ted  w i t h  s p e c i a l  f e a t u r e s  
o f  t h e  development  o f  t h i s  i n d u s t r y  i n  Japan  and o f  t h e  J a p a n e s e  
economy a s  a  whole.  

The IIASA s t u d y  r e v e a l e d  t h a t  a  c o m p l e t e l y  i n t e g r a t e d  com- 
pu te r -based  management sys tem,  d e s i g n e d  p a r t l y  and deve loped  
j o i n t l y  w i t h  new s t e e l  p l a n t s ,  e x i s t s  o n l y  i n  Japan .  

CONCLUSIONS 

Computer a p p l i c a t i o n  i n  BOFs improves t h e  o p e r a t i o n a l  con- 
t r o l  and t h e  r e s e a r c h  and development  o f  t h e  e x i s t i n g  t e c h n o l o g y ,  
and a i d s  i n  t h e  d e s i g n  o f  a  new t e c h n o l o g y  based on BOFs. The 
sys tems  approach i n v o l v e s  f o r m u l a t i n g  t h e  o b j e c t i v e s  and app ly-  
i n g  computers  f o r  model development ,  d a t a  s e l e c t i o n ,  e t c .  The 
c o n s i d e r a t i o n  of  which models may be used f o r  o t h e r  p u r p o s e s  
depends  g r e a t l y  on t h e  o b j e c t i v e s  a c h i e v e d .  

The t a s k  o f  d e v e l o p i n g  i n t e g r a t e d  computer based  c o n t r o l  
and management sys tems ,  i n c l u d i n g  BOF c o n t r o l  subsys tems ,  h a s  
been s o l v e d  o n l y  t o  a  v e r y  l i m i t e d  d e g r e e .  Most of  t h e  s t e e l  
f i r m s  have an  e q u a l  l e v e l  of  c o m p u t e r i z a t i o n  r e p r e s e n t e d  i n  
t e r m s  o f  a  c o r e  memory c a p a c i t y  i n  b y t e  p e r  employee. 
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D i s c u s s i o n  

The d i s c u s s i o n  opened w i t h  a  q u e s t i o n  a b o u t  how t o  d e t e r m i n e  
t h e  s t r u c t u r e  o f  dynamic models  and t h e  t y p e  of i n p u t - o u t p u t  model 
i n f o r m a t i o n  needed.  Surguchov gave  a d d i t i o n a l  i n f o r m a t i o n ,  
s t a t i n g  t h a t  t h e  models t h a t  a r e  used  f o r  o p e r a t i n g  p u r p o s e s  
a r e  t h e  s t a t i c  and t h e  dynamic models .  Al though t h e  dynamic 
model may u s e  i n f o r m a t i o n  a b o u t  w a s t e  g a s  a n a l y s i s ,  t h e  model 
p r e s e n t e d  d o e s  n o t .  The s t a t i c  model c a n  d e t e r m i n e  t h e  e n d - p o i n t  
t e m p e r a t u r e  b u t  n o t  t h e  b e h a v i o r  o f  t e m p e r a t u r e  and t h e  c a r b o n  
c o n t e n t  d u r i n g  blowing t i m e .  The dynamic p r e d i c t e d  model p r e s e n t -  
e d  i n  t h i s  p a p e r  makes it p o s s i b l e  t o  c a l c u l a t e  t h e  oxygen v a l u e ,  
a d d i t i v e s ,  e t c .  and t h e  b e h a v i o r  and t e m p e r a t u r e  o f  t h e  c a r b o n  
c o n t e n t  d u r i n g  blowing t i m e ,  on t h e  b a s i s  o f  t h e  same i n f o r m a t i o n  
used  f o r  t h e  c l a s s i c a l  s t a t i c  model.  T h i s  i s  a c h i e v e d  by means 
o f  t h e  model s t r u c t u r e  which i s  based  o n  n o n l i n e a r  d i f f e r e n t i a l  
e q u a t i o n s ;  t h i s  approach  seems t o  r e f l e c t  more a c c u r a t e l y  t h e  
dynamic n a t u r e  o f  BOFs. More i n f o r m a t i o n  a b o u t  t h e  s t r u c t u r e  o f  
t h e  models c a n  b e  found i n  r e f e r e n c e s  [7,8] of  t h e  Surguchov p a p e r .  

A t t e n t i o n  t h e n  f o c u s e d  on t h e  implementa t ion  o f  t h e  model 
and i t s  a c c u r a c y .  The model was n o t  t e s t e d  on l i n e .  The d a t a  o n  
a b o u t  500 m e l t s  t h a t  had been p r e v i o u s l y  produced were s e l e c t e d  
f o r  v e r i f i c a t i o n  o f  t h e  model,  and a  s p e c i a l  a d a p t a t i o n  a l g o r i t h m  
was d e v e l o p e d .  The number o f  p r e v i o u s l y  produced m e l t s  t h a t  
c o u l d  be  used  f o r  model a d a p t a t i o n  was found p u r e l y  by exper iment -  
i n g ,  i n  t h i s  p a r t i c u l a r  c a s e  f o u r  m e l t s  i s  t h e  r e q u i r e d  amount. 
The a c c u r a c y  a c h i e v e d  h a s  been shown i n  F i g u r e  1 4 .  The a c c u r a c y  
of o t h e r  t y p e s  o f  models  has  been t e s t e d  o n l y  t h e o r e t i c a l l y .  

Dynamic and s t a t i c  models c a n  have a n  e r r o r  r a t e  o f  up t o  
1 0  p e r c e n t  b e c a u s e  o f  e r r o r s  i n  i n p u t  i n f o r m a t i o n .  A s  a  r e s u l t  
it i s  i m p o s s i b l e  t o  p r e d i c t  t h e  end p o i n t  w i t h o u t  p e r i o d i c  model 
a d a p t a t i o n .  P r a c t i c a l l y  t h e  same a d a p t a t i o n  methods were used 
f o r  c o n t r o l l i n g  t h e  p r o c e s s  d e s c r i b e d  i n  S u r g u c h o v ' s  p a p e r .  

The p a r t i c i p a n t s  t h e n  t u r n e d  t h e i r  a t t e n t i o n  t o  t h e  e n e r g y  
consumption o f  d i f f e r e n t  s t e e l m a k i n g  t e c h n i q u e s .  The r a t e  o f  
consumption depends  o n  t h e  c a l c u l a t i o n  methods used  and w h e t h e r ,  
f o r  example ,  t h e  b l a s t  f u r n a c e  h a s  been  t a k e n  i n t o  a c c o u n t .  
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INTRODUCTION 

VOEST A l p i n e  h a s  deve loped  a  g r o u p  of models f o r  Linz-Donau 
(LD) p r o c e s s i n g  t h a t  a r e  o p e r a t i n g  s a t i s f a c t o r i l y  i n  t h e  p l a n t .  

A s h o r t  summary of p o s s i b l e  a p p l i c a t i o n s  of t h e  a v a i l a b l e  models 
is  g i v e n  h e r e ,  t o g e t h e r  w i t h  t h e i r  f u n c t i o n s  and s t a r t i n g  p o i n t s  
i n  r e l a t i o n  t o  t h e  p r o c e s s  phases .  A fundamental  problem of  t h e  
p r o c e s s  modeling h a s  been t o  u n d e r s t a n d  t h e  t h e r m a l  b e h a v i o r  o f  
t h e  v e s s e l  t h o r o u g h l y  and d e s c r i b e  it c o r r e c t l y .  With t h e  com- 
p u t e r  program deve loped ,  one  c a n  a l s o  s t u d y  t h e  m e l t i n g  of s c r a p  
i n  t h e  v e s s e l .  R e s u l t s  of t h e  models a r e  compared w i t h  t h e  re- 
s u l t s  of manual h a n d l i n g  by t h e  v e s s e l  crew. 

THE CONCEPT OF LD MODELS 

A s i m p l i f i e d  c o n c e p t  o f  t h e  o p e r a t i o n  of t h e  LD models is  
g i v e n  by means o f  an  example: Model STAT 1  c a l c u l a t e s  h o t  i r o n  
weigh t  and s c r a p  weigh t .  T h i s  c o u l d  b e  changed i n  t h e  f o l l o w i n g  
manner: Model STAT l a  selects from p r e p a r e d  s c r a p  ( i n  t h e  s c r a p  
y a r d )  t h e  most c o n v e n i e n t  combina t ion  f o r  t h i s  h e a t ,  and model 
STAT l b  c a l c u l a t e s  t h e  b e s t  matched h o t  i r o n  w e i g h t  and o r e  b u f f e r  
f o r  r e a c h i n g  t h e  d e s i r e d  end-po in t  t e m p e r a t u r e .  

F i g u r e  1  shows t h e  s t a r t i n g  p o i n t s  of t h e  models i n  r e l a t i o n  
t o  t h e  a c t u a l  p r o c e s s  phases .  The f u n c t i o n s  of t h e  models a r e  
shown i n  b l o c k  d iagram form i n  F i g u r e s  2 t o  4 .  

THERMAL PROPERTY OF THE VESSEL 

A g r e a t  problem i n  t h e  development of t h e  p r o c e s s  models was 
t o  d e s c r i b e  t h e  t h e r m a l  b e h a v i o r  o f  t h e  v e s s e l  i n  a  s a t i s f a c t o r y  
mathemat ica l  form. E s p e c i a l l y  when s t a r t i n g  w i t h  a  c o l d  v e s s e l ,  
t h e  s t a g n a t i o n  t i m e s  between s e v e r a l  h e a t i n g  p e r i o d s  (some h o u r s )  
and o t h e r  f a c t o r s  have t o  b e  r e s p e c t e d  and c a l c u l a b l e  from t h e  
model. A s a t i s f a c t o r y  computer program (method of f i n i t e  ele- 
ments)  h a s  been deve loped  f o r  t h i s  purpose.  

The f o l l o w i n g  examples show t h e  b e h a v i o r  of t h e  130 t v e s s e l  
o f  t h e  s teel  p l a n t  LD I11 w i t h  t h e  f o l l o w i n g  d imens ions :  

- o u t e r  d i a m e t e r  of t h e  v e s s e l :  6 .0  m ,  

- h e i g h t  of t h e  v e s s e l :  7 . 0  m ,  

- v e s s e l  mouth d i a m e t e r :  2 . 8  m .  
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Figure 1. Process phases and model starting points. 

During a  v e s s e l  campaign t h e  w a l l  t h i c k n e s s  changes because of 
burn down of t h e  r e f r a c t o r y ,  and s o  s t u d i e s  were c a r r i e d  o u t  
f o r  w a l l  t h i c k n e s s e s  of 400, 500, 600, and 700 mm. 

The fo l lowing  boundary c o n d i t i o n s  were used: 

- Vesse l  o u t e r  wa l l :  F ree  convect ion  and r a d i a t i o n  t o  
t h e  sur roundings .  C o e f f i c i e n t s  of thermal  c o n d u c t i v i t y  
f o r  t h e  o u t e r  w a l l  a r e  g iven  i n  Table l a .  

Vesse l  i n s i d e  wa l l :  During t h e  hea t ing  pe r iod ,  t h e  
v e s s e l  i n s i d e  wa l l  t empera ture  was t aken  t o  be a  c o n s t a n t  
1400 OC. During t h e  coo l ing  per iod  t h e  v e s s e l  i n s i d e  
w a l l  t empera ture  was c a l c u l a t e d  from t h e  r a d i a t i o n  and 
f r e e  convect ion.  A s  a l l  t h e  h e a t  from t h e  i n s i d e  w a l l  
ha s  t o  l e a v e  a s  r a d i a t i o n  through t h e  conve r t e r  mouth, 
t h e  c o e f f i c i e n t s  of thermal  conduction were c a l c u l a t e d  
from t h e  r a t i o  of  t h e  v e s s e l  mouth a r e a  t o  t h e  v e s s e l  
w a l l  a r e a .  C o e f f i c i e n t s  of thermal  c o n d u c t i v i t y  of t h e  
v e s s e l  i n s i d e  w a l l  a r e  g iven  i n  Table l b .  
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Figure 2. The models as a block diagram. 
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In the calculation of the thermal coefficients only the 
magnesite wall material was considered, because the steel part 
of the wall contributes only slightly to the thermal behavior 
of the vessel due to its high thermal conductivity. Thermal 
coefficients for stones of magnesite are given in Table 2a. 
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The temperature gradients through the wall are shown by the 
curves plotted in Figures 5 to 8 for various times. The temper- 
ature-dependent thermal coefficients result in the weakly curved 
plot. Some values for wall temperature and heat flow in the 
stationary state are given in Table 2b. 

Cooling From the Steady State 

The cooling results from radiation and convection from the 
inside and outside walls. The thermal behavior was calculated 
over a period of 48 h. The initial condition was the calculated 
steady state. The temperature curves are shown in Figures 5 to 
8; the amount of heat and the heat flow density are shown in 
Figures 9 and 10. 

At the beginning, the cooling takes place mainly through 
the vessel mouth (inside wall). After one to three hours 
(depending on the wall thickness) heat flow through the outside 
wall predominates. 
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Figure 3. The models as a block diagram. 
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Figure 4. The models as a block diagram. 
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Table 1. Coefficients of thermal conductivity. 

( a )  o u t e r  w a l l  

(b) i n s i d e  4 4 
E * ,, * (TW - TL) W " r a d i a t i o n  = 

T~ - T~ 
2 0 

m C 

0 = 5.8  x lo-' w/m2 OC4 

E = 0.75 

T~ = 300 K (27 OC) 

" c o n v e c t i o n  = 20 w/m2 OC 

a = a 
r a d i a t i o n  + " c o n v e c t i o n  

Table 2. (a) Thermal coefficients for maqnesite. 

d e n s i t y  = 2000 kg/m 
3 

(b) Wall temperature and heat flow in the stationary state. 

Temperature  (OC) 

Thermal C o n d u c t i v i t y  
A (w/m°C) 

S p e c i f i c  Heat C a p a c i t y  
(J/kg OC) 

0 

5 . 5  

840 

Th ickness  w a l l  (mm) 

500 

3.75 

1080 

Wall  Temperature  
(OC) 

Heat  Flow 

1500 

1.64 

1170 

900 

2 .6  

1220 

400 

1400 
309 

847 

728,300 

700 

1400 
244 

533 

458,300 

i n s i d e  
o u t s i d e  

(kW) 

(kcal /h)  

1 100 

2.2 

1210 

600 

1400 
261 

605 

520,200 

500 

1400 
282 

704 

605,300 
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Figure 5. LD - Converter, cooling down from the steady state; wall thickness = 400 mm. 
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Figure 6. LD - Converter. cooling down from the steady state; wall thickness = 500 mm. 



0 10 20 30 40 50 60 

inside Wall Thickness (cm) 
outside 

Figure 7. LD - Converter, cooling down from the steady state; wall thickness = 600 mm. 
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Figure 8. LD - Convcrtc%r. cooling down l'ronl thc stvady statr.: wall il\ic.L~~c*.;h = 700 mu\. 
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Figure 9. Cooling down from the steady state: LD-Converter. 

Time (h) 
Figurt: 10. Cooling down from the steady state: heat flow through the vessel wall. 



Heating A f t e r  a  Stop of .48 Hours 

The i n i t i a l  c o n d i t i o n  i s  t h e  f i n a l  s t a t e  c a l c u l a t e d  above. 
The h e a t i n g  i s  performed up t o  a  determined v e s s e l  i n s i d e  w a l l  
t empera ture  of 1400 OC. The tempera ture  g r a d i e n t s  a r e  p l o t t e d  
i n  F i g u r e s  11 t o  14. Heat f low d e n s i t y  and amount of  h e a t  a r e  
shown i n  F igu re s  15 and 16. 

A t  t h e  beginning of t h e  hea t ing  process  t h e  energy i s  s t o r e d  
i n  t h e  c o n v e r t e r  wa l l ;  when t h e  s t eady  s t a t e  i s  reached ,  i . e .  
a f t e r  24 h  f o r  a  wa l l  t h i c k n e s s  of 400 mm, c o n s t a n t  h e a t  emission 
t a k e s  p l ace .  

Of cou r se ,  a l l  p o s s i b l e  c a s e s  can be s imula ted  wi th  t h i s  
program, e .g .  o t h e r  w a l l  t empera tures ,  hea t ing  up a f t e r  a  s t o p  
of v a r i o u s  d u r a t i o n s ,  o t h e r  v e s s e l  dimensions,  e t c .  

Now we i n c o r p o r a t e  t h e  r e s u l t s  d i s cus sed  above i n  v a r i o u s  
ways i n t o  t h e  p roces s  models. Equat ions ( 1 )  t o  ( 3 )  show a  
s imple  example. 

The terms a r e  de f ined  a s  fo l lows:  

Qw , h e a t  l o s s  from t h e  v e s s e l ;  

QA , s t a r t i n g  c o r r e c t i o n  f o r  a  co ld  v e s s e l ;  

QB , number of hea t ings  a f t e r  t h e  s t a r t  w i t h  a  c o l d  
v e s s e l ;  

QC 
, mean l o s s  of h e a t  by conduct ion  through t h e  wal l  

of t h e  new v e s s e l ;  

QD , w a l l  t h i cknes s ;  

QE,QF,QG , r a d i a t i o n  c o n s t a n t s ;  

QH , mean number of h e a t s  p e r  v e s s e l  campaign; 

QI , a c t u a l  number of h e a t s  i n  t h e  v e s s e l  campaign; 
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Figure 11. LD-Converter. heating up after a stop of 4 8  hours, wall thickness = 400 mm 
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Figure 12. 1.1)-Convcrtcr. heating up aftcr a stop of 48  hours; wall thickness = 500 mm. 
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Figure 13. LD-Converter, heating up after a stop of 48 hours; wall thickness = 600 nlm. 
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Figure 14. L,D-(:onvrrter, heating up aStc:r a stop of 48 hours; wall 1hic.krlc:ss = 700 IIIIII. 
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Figure 15. Heating up after a stop of  4 8  hours: LD-Converter. 
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Figure 16. Heating up after a stop of 4 8  hours: heat flow through the vessel wall. 



QJ 
, w a l l  t h i c k n e s s  a t  t h e  end of a  campaign a s  a  pe rcen t -  

age of t h e  s t a r t i n g  w a l l  t h i c k n e s s ;  

TA , t ime between t h e  end of tapping  and t h e  s t a r t  of 
blowing; 

T~ , blowing t ime;  

t ime between t h e  end of blowing and t h e  tempera ture  
Tc measurement; 

s p e c i f i c  h e a t  c a p a c i t y  of t h e  t he rma l ly  a c t i v e  p a r t  
' of t h e  v e s s e l  wal l ;  

QU , h e a t  t r a n s f e r r e d  from h e a t  n - 1 t o  h e a t  n ;  

T~ , end tempera ture  of  h e a t  n - 1;  

T~ , d e s i r e d  tempera ture  of h e a t  n. 

MELTING SCRAP I N  THE BATH 

A f u r t h e r  problem c o n s i s t s  of t h e  mel t ing  of s c r a p  i n  t h e  
ba th  du r ing  t h e  blowing pe r iod .  P a r t i c u l a r  d i f f i c u l t i e s  occur  
wi th  c a t c h  charges  wi th  high carbon con ten t .  I n  f a c t ,  s i n c e  
s c r a p  mel t ing  i s  a f u n c t i o n  of t ime,  t h e  blowing pe r iod  must be 
a s  long a s  t h e  s c r a p  needs f o r  me l t i ng ;  a l t e r n a t i v e l y  one must 
r e s t r i c t  t h e  q u a n t i t y  of s c r a p  i n  p ropor t i on  t o  l e n g t h  of  t h e  
blowing per iod  . 

The me l t i ng  of a  s c r a p  p l a t e  15 cm t h i c k  i s  i l l u s t r a t e d  i n  
F igu re s  17 and 18. The boundary c o n d i t i o n s  have been chosen 
such t h a t  complete mel t ing  of t h i s  s c r a p  p l a t e  t a k e s  p l a c e  w i t h i n  
about  15 min. F igu re  19 shows t h e  s p e c i f i c  h e a t  c a p a c i t y  of t h e  
s c r a p  and F igu re  20 t h e  h e a t  conduct ion  used. The phase t r a n s i -  
t i o n s  and t h e  r e g i o n  of  c r y s t a l l i n e  t r ans fo rma t ion  of t h e  s c r a p  
du r ing  t h e  whole blowing pe r iod  can be  seen  d i s t i n c t l y .  

Next, t h e  behavior  of a  s c r a p  wheel was computed f o r  t h e  
same boundary cond i t i ons .  The r e s u l t s  a r e  shown i n  F i g u r e s  21 
and 22. 

F i g u r e s  23 and 24 show t h e  me l t i ng  of  t h e  s u r f a c e s  a s  a 
f u n c t i o n  of t ime f o r  t h e  p l a t e  and t h e  wheel,  r e s p e c t i v e l y .  

THE RESULTS OF A NINE DAY TEST PERIOD 

Las t  y e a r  i n  s t e e l  p l a n t  LD I11 we had a n ine  day t e s t  
per iod  t o  compare t h e  end-point  tempera ture  reached manually 
by a  w e l l - t r a i n e d  v e s s e l  crew and t h a t  computed wi th  t h e  newly 
developed p roces s  models. Only s t e e l s  wi th  low carbon c o n t e n t  
(about  0.05 % C )  were produced. 
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Figure 17. Melting of a 150 mm thick scrap plate: temperature distribution. 
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Figure 21. Melting o f  a scrap wheel o f  diameter: 300  mm: temperature distribution. 
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Figurc. 22. Mrlting o f  a scrap wht:r.l o f  diameter: 3 0 0  m m :  temperature distribution. 
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Figure 23. Melting of a scrap plate. 
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Figure 24. Melting of  a scrap wtit,el. 



For  t h e  f i r s t  s i x  days  of  t h e  t e s t ,  t h e  a d a p t a t i o n  model 
was n o t  used ,  because  we wanted t o  c o n t r o l  t h e  s t a b i l i t y  of t h e  
model: it was on ly  used f o r  t h e  l a s t  t h r e e  days .  The p r o c e s s  
model c a l c u l a t e d  t h e  q u a n t i t i e s  of h o t  i r o n ,  s c r a p ,  o r e ,  and 
l ime  t o  i n s e r t ,  wh i l e  t h e  v e s s e l  crew f i x e d  t h e s e  q u a n t i t i e s  by 
t h e i r  own methods w i thou t  c o n s i d e r i n g  t h e  computed v a l u e s .  The 
model c a l c u l a t e d  f o r  t h e s e  i n p u t s  t h e  p robab l e  t empe ra tu r e  ob- 
t a i n e d  i f  t h e  amount o f  oxygen c a l c u l a t e d  from t h e  model was 
blown. The s t a n d a r d  d e v i a t i o n s  of t h e  s e v e r a l  days  w e r e  c a l c u -  
l a t e d  a s  f o l l ows :  

1 x = - C AT, n  

The r e s u l t s  a r e  shown i n  F i g u r e  2 5 .  The s i m i l a r  behavior  
of t h e  s t a n d a r d  d e v i a t i o n  c u r v e s  o f  t empe ra tu r e  a r e  p robably  

day 
Figure 2 5 .  Temperatnrr standard deviation comparison: model and hand. 



caused by measurement errors (hot iron analysis, hot iron 
temperature), unknown scrap composition, etc. Unless these 
measurement errors can be reduced, greater efforts in trying 
to improve the accuracy of the process models will not give 
better results. 



D i s c u s s i o n  

Heat l o s s  f rom t h e  v e s s e l s  i s  v e r y  i m p o r t a n t  f rom t h e  
c o n t r o l  and i n v e s t i g a t i o n s  p o i n t s  o f  view. S e v e r a l  i s s u e s  were 
r a i s e d  a b o u t  t h e  d e c r e a s e  i n  t e m p e r a t u r e  d u r i n g  t h e  t i m e  t h e  
c o n v e r t e r  i s  i n o p e r a t i v e .  I t  was p o i n t e d  o u t  t h a t  t h e  model 
d i s c u s s e d  i n  t h e  p r e v i o u s  p a p e r  t a k e s  i n t o  c o n s i d e r a t i o n  a  number 
o f  f a c t o r s  t h a t  a f f e c t  t h e  t e m p e r a t u r e  b e h a v i o r  o f  t h e  c o n v e r t e r  
when i n o p e r a t i v e .  The most i m p o r t a n t  f a c t o r  i n f l u e n c i n g  temper-  
a t u r e  d e c r e a s e  i s  t h e  w a l l  t h i c k n e s s  which, f o r  example,  c a n  v a r y  
f rom 4 0  t o  70  c m .  

D i s c u s s i o n  a l s o  c e n t e r e d  on  f a c t o r s  a f f e c t i n g  t h e  end-po in t  
t e m p e r a t u r e .  I t  was p o i n t e d  o u t  t h a t ,  from Mannesmann's c a l c u -  
l a t i o n ,  t h e  most i m p o r t a n t  f a c t o r  i s  t h e  amount o f  s i l i c o n ,  t h e  
second most i m p o r t a n t  i s  t h a t  o f  c a r b o n ,  and t h e  t h i r d  is  t h a t  
of  s c r a p .  The c a l c u l a t i o n s  by B r i t i s h  S t e e l  C o r p o r a t i o n  (BSC) 
show t h a t  t h e  most i m p o r t a n t  f a c t o r  i s  t h e  e r r o r  i n  s i l i c o n  
a n a l y s i s ,  t h e  second t h a t  i n  cagbon a n a l y s i s  and t h e  t h i r d  t h a t  
o f  t h e  h o t  m e t a l  we igh t .  For  VOEST-Alpine, t h e  most i m p o r t a n t  
f a c t o r  i s  a n a l y s i s  and t h e  second i s  h o t  m e t a l  t e m p e r a t u r e .  The 
e n d - p o i n t  e r r o r  depends  on t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  i n p u t  
f a c t o r s .  

Another  i m p o r t a n t  i s s u e  d i s c u s s e d  was t h e  c h o i c e  of  a  r e p r e -  
s e n t a t i v e  p o i n t  f o r  t e m p e r a t u r e  measurement o f  h o t  mel ted  s c r a p .  
Non-melted s c r a p  makes t h i s  t e m p e r a t u r e  measurement d i f f i c u l t .  
Boundary c o n d i t i o n s  a r e  a  r e a l  problem f o r  s c r a p  m e t a l  s t u d i e s .  
F i g u r e s  1 9  and 2 0  i n  t h e  paper  by Weniger p r e s e n t  s p e c i f i c  h e a t  
c a p a c i t y  and amount of  c o n v e c t i o n  t o  be used  f o r  t h e  c a l c u l a t i o n .  
Other  boundary c o n d i t i o n s  concerned  s c r a p  c o n f i g u r a t i o n .  F o r  
example,  w i t h  a  t h i c k n e s s  o f  1 5  c m ,  s c r a p  c o u l d  m e l t  i n  15 min. 
The model makes it p o s s i b l e  t o  c a l c u l a t e  t h e  l a r g e s t  s c r a p  
d imens ions  t h a t  c a n  b e  mel ted  w i t h i n  t h e  s h o r t  b lowing t i m e  
a s s o c i a t e d  w i t h  a  h i g h  oxygen blow. It  was p o i n t e d  o u t  t h a t  
t h e  model c a l c u l a t i o n  o f  s c r a p  m e l t i n g  made it p o s s i b l e  t o  c o r r e c t  
t h e  measured t e m p e r a t u r e ,  however measured; t h i s  i s  o f  g r e a t  
p r a c t i c a l  impor tance .  



The Dynamic C o n t r o l  o f  B a s i c  Oxygen F u r n a c e s  

T. Kuwabara 

INTRODUCTION 

The g r e a t e s t  problem i n  t h e  b a s i c  oxygen f u r n a c e  (BOF) 
o p e r a t i o n  i s  how t o  a t t a i n  t h e  d e s i r e d  s t e e l  t e m p e r a t u r e  and 
c a r b o n  c o n t e n t  a t  t h e  end o f  blowing s i m u l t a n e o u s l y .  V a r i o u s  
methods have been t r i e d  t o  improve t h e  r a t e  o f  s u c c e s s f u l  h e a t s .  
For  example,  s t u d i e s  on computer s t a t i c  c o n t r o l  w e r e  s t a r t e d  
i n  1961 a t  t h e  Yawata and H i r o h a t a  Works of Nippon S t e e l ,  b u t  
t h i s  method proved i n c a p a b l e  o f  f o l l o w i n g  t h e  complex r e a c t i o n s  
i n v o l v e d  d u r i n g  blowing i n  t h e  b a s i c  oxygen p r o c e s s .  So s t u d y  
s t a r t e d  i n  1963 on s e v e r a l  dynamic c o n t r o l  methods.  

S i n c e  1968, emphasis  h a s  been on t h e  s u b l a n c e  method, which 
c a n  measure  r e p r e s e n t a t i v e  v a l u e s  w i t h  t h e  h i g h e s t  a c c u r a c y .  
S u c c e s s  was f i r s t  a c h i e v e d  i n  t e m p e r a t u r e  c o n t r o l  a t  Muroran 
Works--the d e s i r e d  t e m p e r a t u r e  was a t t a i n e d  w i t h  a  s u c c e s s  r a t e  
o f  85 p e r c e n t ,  compared w i t h  t h e  p r e v i o u s  60 t o  70 p e r c e n t .  Then, 
a  number o f  improvements and deve lopments ,  i n  b o t h  hardware  and 
s o f t w a r e ,  w e r e  made t o  t h i s  t e c h n i q u e ,  and e v e n t u a l l y  Nagoya 
Works a c h i e v e d  a  s u c c e s s f u l  h e a t  r a t e  o f  more t h a n  90 p e r c e n t .  

The sys tem is  a  c o m p l e t e l y  c l o s e d - l o o p  dynamic c o n t r o l  one  
by which a l l  s t e p s  o f  t h e  BOF p r o c e s s  a r e  a u t o m a t i c a l l y  c a r r i e d  
o u t  a t  t h e  push o f  a  b u t t o n .  It  is  r e f e r r e d  t o  a s  t h e  c o n t r o l l e d  
q u i c k  t a p  (CQT) s y s t e m  and t h i s  p a p e r  now d e s c r i b e s  t h e  CQT sys tem 
a s  it o p e r a t e s  a t  t h e  Nagoya and Kimi t su  Works. 

THE PRINCIPLE OF THE CQT SYSTEM 

The BOF p r o c e s s  makes it p o s s i b l e  t o  o b t a i n  s teels of  h i g h  
t e m p e r a t u r e  and  low ca rbon  c o n t e n t  t h r o u g h  t h e  h e a t  evo lved  when 
oxygen i s  blown i n t o  a  low- tempera tu re  and h i g h  ca rbon  c o n t e n t  
m o l t e n  b a t h  (compr i s ing  s c r a p  and h o t  p i g  i r o n )  c o n t a i n i n g  i n -  
f lammables  s u c h  a s  ca rbon  and s i l i c o n .  A s  t h e  s o l i d  l i n e  i n  
F i g u r e  1  shows, t h e  c o n d i t i o n s  of t h e  b a t h  v a r y  d u r i n g  t h i s  oper -  
a t i o n ,  i . e .  i t s  t e m p e r a t u r e  rises g r a d u a l l y  from t h e  i n i t i a l  
s t a g e ,  w h i l e  i t s  c a r b o n  c o n t e n t  l o w e r s  s u f f i c i e n t l y  t o  meet  t h e  
aimed s p e c i f i c a t i o n s  o f  t h e  s t e e l .  However, owing t o  f a c t o r s  
t h a t  c a n n o t  b e  e a s i l y  c o n t r o l l e d ,  such  a s  f i n e  e l e m e n t s  i n  m o l t e n  
p i g  i r o n ,  p a r t i a l  d i s s o l u t i o n  of t h e  v e s s e l  l i n i n g ,  and t h e  s h a p e  
o f  t h e  s c r a p ,  t h e  c o n d i t i o n  o f  t h e  mol ten  s t e e l  a t  t h e  end o f  
t h e  blowing c a n  v a r y  g r e a t l y .  A s  a  r e s u l t ,  t h e  a t t a i n m e n t  r a t e  
f o r  aimed r a n g e s  i s  a s  low a s  a b o u t  50 p e r c e n t .  A s  shown by t h e  
dashed  c u r v e  i n  F i g u r e  1 ,  dynamic c o n t r o l  i s  a  s y s t e m  where ,  by 



measurement o f  t h e  c a r b o n  c o n t e n t  and t e m p e r a t u r e  w i t h  a  s e n s o r  
lowered i n t o  t h e  b a t h  d u r i n g  t h e  c o u r s e  o f  b lowing ,  t h e  amount 
o f  oxygen blown i n  and o f  i r o n  o r e  c h a r g e d  c a n  be  a d j u s t e d  s o  
a s  t o  a t t a i n  f i n a l  c o n d i t i o n s  o f  t h e  b a t h  w i t h i n  t h e  aimed r a n g e  
T h i s  sys tem i s  more o r  less a n a l o g o u s  t o  t h a t  o f  a  moon r o c k e t  
l aunched  f rom t h e  E a r t h  ( c o r r e s p o n d i n g  t o  t h e  f i r s t  b a t h )  whose 
c o u r s e  i s  a d j u s t e d  from knowledge of i t s  e x a c t  p o s i t i o n  when it 
a p p r o a c h e s  t h e  moon ( c o r r e s p o n d i n g  t o  t h e  b a t h  c o n d i t i o n  a t  t h e  
end o f  b l o w i n g ) .  

c u a ~  range 
almed range 

,/- 

I 
I 
I 

1 aimed 

I l n l t l a l  s tage  
I 

carbon content 

Yigurr. 1. 1'rinc:iplr o f  dynamic control. 

THE TECHNIQUES TO BE DEVELOPED 

The BOF dynamic c o n t r o l  sys tem c o m p r i s e s  f o u r  i t e m s :  

- A t e c h n i q u e  t o  measure r e p r e s e n t a t i v e  v a l u e s ,  

- A h i g h l y  a c c u r a t e  s e n s o r ,  

- R e l i a b l e  s u b l a n c e  equipment  ( t o  t r a n s m i t  t h e  s i g n a l  
from t h e  s e n s o r  t o  t h e  c o m p u t e r ) ,  and 

- A good dynamic c o n t r o l  model .  



A Technique t o  Measure R e p r e s e n t a t i v e  Values  

I f  t h e  measured v a l u e s  o f  t h e  mol ten  bo th  a r e  n o t  r e p r e -  
s e n t a t i v e  of t h e  e n t i r e  h e a t ,  a c c u r a t e  c o n t r o l  c a n n o t  be  ach i eved .  
A t  t h e  t ime  of i n t e r m e d i a t e  measurement, oxygen i s  be ing  blown 
and r e a c t i o n s  a r e  p roceed ing .  Accord ing ly ,  t h e  fo l l owing  s p e c i a l  
c o n s i d e r a t i o n s  have t o  be  g i v e n  t o  s e c u r i n g  r e p r e s e n t a t i v e  v a l u e s .  

The Timing of t h e  Measurement 

The t im ing  of t h e  measurement must be  good. When mol ten  
steel  i s  below 1540 OC (2815 O F ) ,  t h e  measured v a l u e s  c anno t  be  
r ega rded  a s  r e p r e s e n t a t i v e ,  s i n c e  s c r a p  may n o t  have mel ted  com- 
p l e t e l y .  On t h e  o t h e r  hand, i f  t h e  measurement i s  c a r r i e d  o u t  
t o o  l a t e ,  ca rbon  i n  t h e  molten s teel  i s  sq reduced t h a t  t h e  b o i l -  
i n g  a c t i o n  s t o p s  w i t h  a  r e s u l t a n t  l a c k  of  thermal  un i fo rmi ty  i n  
t h e  b a t h .  The b e s t  t ime t o  perform t h e  i n t e r m e d i a t e  measurement 
is  when t h e  carbon  c o n t e n t  i n  t h e  molten b a t h  is  between 0.3 and 
1  p e r c e n t .  

The Measuring P o s i t i o n  

I n  de t e rmin ing  t h e  measuring p o s i t i o n ,  c a r e  must be t aken  t o  
l o c a t e  t h e  sub l ance  on t h e  a p p r o p r i a t e  h o r i z o n t a l  and v e r t i c a l  
a x e s ,  a s  shown i n  F i g u r e  2. H o r i z o n t a l l y ,  i f  t h e  measurement i s  
done i n  a  j e t  s t r e am of oxygen s u p p l i e d  from t h e  main l a n c e ,  t h e  
measuring s enso r  w i l l  p robably  be  e i t h e r  shocked o r  i n s t a n t a -  
neous ly  b u r n t  o u t .  So t h i s  c r i t i c a l  a r e a  must b e  avoided .  V e r t i -  
c a l l y ,  t h e r e  e x i s t s  a  c o n s i d e r a b l e  t empe ra tu r e  and carbon  c o n t e n t  
g r a d i e n t  th rough  t h e  molten b a t h .  So t h e  most r e p r e s e n t a t i v e  
p o s i t i o n  must be  s e l e c t e d  depending on t h e  c a p a c i t y  of t h e  fu rnace .  

The Sensor  

The f u n c t i o n s  of t h e  s e n s o r  a r e :  

- d e t e c t i o n  o f  t empe ra tu r e ,  

- d e t e c t i o n  of c a rbon  c o n t e n t  (by measuring s o l i d i f i c a t i o n  
t empe ra tu r e )  , and 

- t a k i n g  of samples  f o r  chemica l  a n a l y s i s  ( t o  check 
Mn, P,  S ,  etc. c o n t e n t ) .  

A s  t h e  dynamic c o n t r o l  sys tem i s  dependent  on a c c u r a t e  i n t e r m e d i a t e  
measurement, t h e  s enso r  is  r e q u i r e d  t o  have h igh  s e n s i t i v i t y  and 
r e l i a b i l i t y .  It took  more t h a n  f i v e  y e a r s  t o  deve lop  a  s enso r  
c a p a b l e  o f  measuring t h e  carbon  c o n t e n t  c o r r e c t l y :  i n  o r d e r  t o  
d e t e c t  ca rbon  c o n t e n t  t o  t h e  nece s sa ry  t o l e r a n c e s ,  a n  accu racy  
of  s o l i d i f i c a t i o n  t empe ra tu r e ,  i . e .  accuracy  of e l e c t romo t ive -  
f o r c e ,  shown i n  Table  1 ,  i s  needed. The accu racy  of  t h e  thermo- 



couple used in the sensor is maintained at a high level, i.e. -0 
to +1 OC at 1 6 0 0  OC. The solidification curve obtained by the 
sensor is much affected by the construction of the sensor and 
so a number of sensors have been tested. A cross-section of our 
sensor, and curves recorded during blowing are shown in Figure 3. 

Figure 2. The temperature and carbon distributions 
and the measuring point. 

Table 1 .  Measurement accuracies required of the sensor. 

1 .O$ o r  above 

Measurement Range 
(Carbon Con ten t  i n  

Molten S t e e l )  

 bout 0.5% +0.02% 

Accuracy o f  
E lec t romot ive  

Force  

Accuracy of  
Carbon 
Con ten t  

Accuracy of  
S o l i d i f i c a t i o n  
Temperature 

0.1% o r  under +0.01% - +I OC I 50.01 mv - 



(1) Cross section of NSC type sensor 

Protective tube up to measuring point 

Sampling case 

Solidification temperature sensor 

Compensation conductor 

to  upper sublance 

Degassing port 

-Molten steel 
charging port 

Sample chamber 

C e m e n t  
* 2 

Molten steel temperature sensor 

Protective cap up to measuring p o i n t 2  

(2) Example of recorded curves during blowing 

Cross section of sample 

Carbon 
(solidification temperature) A 

connected 

Figure 3. NSC type sensor for CQT. 



The Sublance  Equipment 

The s u b l a n c e  equipment  h a s  t o  b e  i n s t a l l e d  i n  a n  u n f a v o r a b l e  
l o c a t i o n  i n  t h e  l i m i t e d  s p a c e  above  t h e  v e s s e l  where a u x i l i a r y  
f a c i l i t i e s  a r e  a r r a n g e d .  N e v e r t h e l e s s ,  a s  a  measur ing  i n s t r u m e n t  
f o r  c o n t r o l  u s e ,  t h e  s u b l a n c e  is r e q u i r e d  t o  have  h i g h  r e l i a b i l i t y  
and f u l l y  a u t o m a t i c  o p e r a t i o n :  measurement is  p o s s i b l e  o n l y  once 
d u r i n g  blowing.  The s u b l a n c e  must o p e r a t e  t h e  moment t h e  computer  
demands t h e  i n f o r m a t i o n .  It  must r e a c h  i t s  measur ing  p o s i t i o n  
q u i c k l y ,  and s t o p  p r e c i s e l y  a t  t h a t  p o s i t i o n .  I n  a d d i t i o n ,  
owing t o  t h e  u n f a v o r a b l e  l o c a t i o n  o f  t h e  equ ipment ,  a l l  opera -  
t i o n s - - f r o m  t h e  e x t e n s i o n  o f  t h e  s e n s o r  t o  removing samples  f o r  
c h e m i c a l  a n a l y s i s - - a r e  r e q u i r e d  t o  be  a u t o m a t i c a l l y  performed by 
remote  c o n t r o l .  

We s t a r t e d  d e v e l o p i n g  s u c h  equipment  and t e c h n i q u e s  i n  1 9 6 4 .  
A f t e r  s e v e r a l  m o d i f i c a t i o n s ,  two t y p e s  o f  s u b l a n c e ,  a  r o t a r y  t y p e  
and a  f i x e d  t y p e ,  were  comple ted .  The r o t a r y  t y p e  i n s t a l l e d  a t  
Nagoya No. 2 BOF i s  shown i n  F i g u r e  4 .  

The r o t a r y  t y p e  i s  a p p r o p r i a t e  f o r  e x i s t i n g  BOF p l a n t s  where 
s p a c e  i s  l i m i t e d ,  p a r t i c u l a r l y  i n  h e i g h t ,  and i s  i n s t a l l e d  s o  
t h a t  t h e  a t t a c h i n g  and d e t a c h i n g  p o s i t i o n  o f  t h e  s e n s o r  and t h e  
measur ing  p o s i t i o n  i s  r e a c h e d  by means o f  a  r o t a r y  movement. The 
f i x e d  t y p e  i s  f o r  u s e  i n  newly c o n s t r u c t e d  BOF p l a n t s  where  
t h e r e  i s  s u f f i c i e n t  s p a c e  o v e r  t h e  f u r n a c e  f o r  i n s t a l l a t i o n  s o  
t h a t  t h e  a t t a c h i n g  and d e t a c h i n g  p o s i t i o n  o f  t h e  s e n s o r  is 
v e r t i c a l l y  above i t s  measur ing  p o s i t i o n  i n  t h e  v e s s e l ,  r e s u l t i n g  
i n  t h e  measur ing  t i m e  b e i n g  s l i g h t l y  s h o r t e r  t h a n  t h a t  o f  t h e  
r o t a r y  t y p e .  We a r e  c o n t e m p l a t i n g  t h e  i n s t a l l a t i o n  o f  t h i s  f i x e d  
t y p e  o f  s u b l a n c e  i n  t h e  No. 3 BOF of  o u r  Muroran Works and i n  t h e  
Kimi t su  No. 2 BOF. 

T a b l e  2 g i v e s  t h e  main s p e c i f i c a t i o n s  o f  examples  o f  t h e  
r o t a r y  t y p e  and t h e  f i x e d  t y p e  o f  s u b l a n c e s  t h a t  we a r e  a d o p t i n g .  

The Dynamic C o n t r o l  Models 

The i n t e r m e d i a t e  v a l u e s  measured by t h e  s u b l a n c e  show t h e  
d e v i a t i o n s  o f  t h e  a c t u a l  f u r n a c e  c o n d i t i o n s  f rom t h e  r e s u l t s  o f  
t h e  c o m p u t a t i o n .  To c o r r e c t  such  d e v i a t i o n s  d u r i n g  t h e  t i m e  
between t h e  i n t e r m e d i a t e  measurement and  t h e  end p o i n t ,  t h e  
f o l l o w i n g  c o n t r o l  models  a r e  needed:  

- d e c a r b u r i z a t i o n  r a t e  model ,  

- t e m p e r a t u r e  i n c r e a s e  r a t e  model,  and 

- c o n t r o l l e d  c o o l a n t  model.  



Skull remover 
I I -  

Figurc 4. SuLlancr systertr (swirrg type). 



Table  2. P a r t i c u l a r s  of t h e  sub l ance  equipment.  

THE STRUCTURE OF THE CQT SYSTEM 

F i g u r e  5 shows t h e  o p e r a t i o n a l  f l ow  of t h e  f u l l y  au toma t i c  
CQT system. It f u n c t i o n s  a s  f o l l ows :  

Fixed 

Kimitsu NO. 2 

150 &in 

6 m/min 

+20 mm 

- +30 mm 

- 

- 

90 s 

F u l l y  automatic 

Type of Sublance 

Name of  shop 

Elevat ion speed (max) 

Elevat ion speed (min) 

V e r t i c a l  stopping accuracy 

Horizontal  stopping accuracy 

Rotary angle 

Rotating speed 

Measuring c y c l e  time 

Probe attachment 

- A s  shown i n  Block-I ,  t h e  computer u s i n g  a  s t a t i c  model 
f i r s t  c a l c u l a t e s  and de t e rmines  ( a )  t h e  l a n c e  p a t t e r n ,  
( b )  t h e  oxygen blowing p a t t e r n ,  (c)  t h e  amount of f l u x e s  
and o r e  t o  be added,  ( d )  t h e  f l u x  and o r e  cha rg ing  p a t t e r n ,  
( e )  t h e  amount of oxygen t o  be blown, and ( f )  t h e  i n t e r -  

media te  measuring t ime .  

Rotary 

Nagoya No. 2 

120 m/min 

5 m/min 

- +10 m 

530 mm 

1 40° 

2.5 rev/min 

108 s 

F u l l y  automatic 

- For  dynamic c o n t r o l ,  t h e  d e c a r b u r i z i n g  p a t t e r n  and t h e  
r e v i s e d  t empe ra tu r e  i n c r e a s e  r a t e  t o  be fo l lowed a f t e r  
t h e  i n t e r m e d i a t e  measurement a r e  a u t o m a t i c a l l y  de te rmined  
by t h e  computer,  a s  shown i n  Block-3 and Block-4. 

- When t h e  blow s t a r t  b u t t o n  i s  pushed, a l l  t h e  o p e r a t i o n s  
shown i n  Block-2 a s  w e l l  a s  t h e  i n t e r m e d i a t e  measurement 
a r e  performed a u t o m a t i c a l l y .  

- Based on t h e  r e s u l t s  o f  t h e  i n t e r m e d i a t e  measurement, t h e  
computer d e c i d e s  t h e  amount of c o o l a n t  and oxygen, and t h e  
n e c e s s a r y  amount o f  c o o l a n t  i s  a u t o m a t i c a l l y  s u p p l i e d  and 
t h e  r e v i s e d  amount of oxygen blown u n t i l  t h e  blow au to -  
m a t i c a l l y  comes t o  a n  end. 

The samples  t aken  f o r  i n t e r m e d i a t e  d e t e r m i n a t i o n  of c a rbon  con- 
t e n t  a r e  ana lyzed  immediately t o  o b t a i n  r e f e r e n c e  v a l u e s  t h a t  w i l l  
s ugges t  t h e  end-poin t  c o n t e n t s  of e lements  o t h e r  t han  carbon .  
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OPERATIONAL PERFORMANCE 

I n  o r d e r  t o  g i v e  examples o f  t h e  CQT sys tem i n  o p e r a t i o n ,  
t h a t  a t  No. 2  s t e e l m a k i n g  p l a n t  o f  Nagoya Works i s  f i r s t  d e s c r i b e d ,  
s i n c e  t h i s  p l a n t  was t h e  f i r s t  t o  a d o p t  t h e  sys tem on a  commercial 
b a s i s .  I t  h a s  two 250t  BOFs produc ing  240,000 t p e r  month, h a l f  
o f  which i s  f o r  i n g o t  c a s t i n g  and h a l f  f o r  c o n t i n u o u s  c a s t i n g .  
A s  shown i n  T a b l e  3,  more t h a n  a  h a l f  o f  t h e  many t y p e s  o f  s t e e l  
produced t h e r e  c o n t a i n  less t h a n  0.1 p e r c e n t  c a r b o n .  Even steel  
w i t h  t h e  h i g h e s t  c o n t e n t  h a s  o n l y  0 .3  p e r c e n t  c a r b o n ,  s o  t h e  
Works i s  i n  r a t h e r  a  good p o s i t i o n  t o  b e n e f i t  f rom t h e  CQT system.  
Many improvements have been made t o  t h e  system s i n c e  t h e  i n s t a l l -  
a t i o n  o f  t h e  s u b l a n c e  i n  August 1974 and f o r  a b o u t  a  y e a r  it h a s  
r e a c h e d  t h e  d e s i r e d  ca rbon  c o n t e n t  and t e m p e r a t u r e  more t h a n  
90 p e r c e n t  o f  t h e  t i m e ,  a s  shown i n  F i g u r e  6 .  Carbon and temper- 
a t u r e  a r e  c o n t r o l l e d  i n  t h e  Works t o  t o l e r a n c e s  o f  20.02 p e r c e n t  
and 512 OC, r e s p e c t i v e l y .  

T a b l e  3. The steel  g r a d e  a t  No. 2  BOF shop of  t h e  Nagoya Works. 

A second example i s  t h e  sys tem i n s t a l l e d  a t  t h e  No. 2  steel- 
making p l a n t  of Kimitsu Works. Compared w i t h  t h a t  a t  Nagoya Works, 
t h e  Kimi t su  Works system h a s  a  s h o r t e r  o p e r a t i o n a l  r e c o r d ,  b u t  i t s  
p r o d u c t i o n  c o v e r s  a  wider  r a n g e  o f  s teel  t y p e s .  The p l a n t  h a s  two 
300t  BOFs, p r o d u c i n g  300,000 t p e r  month, d e t a i l s  o f  which a r e  
shown i n  T a b l e  4. A l l  t h e  o u t p u t  is  f o r  i n g o t  c a s t i n g  r a n g i n g  
f rom low-carbon steel  t o  high-carbon steel  w i t h  a  c a r b o n  c o n t e n t  
o f  0.80 p e r c e n t .  Temperature  is c o n t r o l l e d  t o  a  t o l e r a n c e  o f  
+ I 2  - OC, w h i l e  c a r b o n  is  c o n t r o l l e d  t o  a  t o l e r a n c e  o f  20.02 p e r c e n t  
f o r  s teel  w i t h  a  ca rbon  c o n t e n t  of  less t h a n  0.15 p e r c e n t ,  +0.03 
p e r c e n t  f o r  steel w i t h  a  c a r b o n  c o n t e n t  of 0.16-0.5 percent,  and t o  
+0.05 p e r c e n t  f o r  steel w i t h  a  c a r b o n  c o n t e n t  o f  more t h a n  - 

Ratio 
(96) 

21.0 

16.1 

6  -0  

6.9 

20.0 

30.0 

100.0 

Casting 

Ingot 
Casting 

(120,000 t/month) 

Continuous 
Casting 

(120,000 t/month) 

240,000 t/month 

Application 

CR sheet 

Deep-drawing sheet 

Plate 

High-strength s tee l  
plate 

Deep-drawing sheet 

High-strength s tee l  
plate 

Carbon Content 
( X )  

0.04 - 0.12 

0.04 - 0.10 

0.15 - 0.25 

0.13 - 0.20 

0.03 - 0.10 

0.13 - 0.30 



0.5 pe rcen t .  A s  shown i n  F igu re  7 ,  t h e  r a t e  of achiev ing  success-  
f u l  h e a t s  by t h e  system has  been improved from 80 t o  over  90 
p e r c e n t .  The success  r a t e  f o r  low-carbon s t e e l s  has reached a l -  
most 95 p e r c e n t ,  t h a t  f o r  middle- and high-carbon s t e e l s  has  
jumped from 70 t o  over  80 pe rcen t .  

Figure 6. Progress of dynamic control at Nagoya works. 

100: 

80. 60. 

'" 

Table  4 .  S t e e l  grades  a t  No. 2 BOF shop of Kimitsu Works. 

( 3 0 0 t / h e a t  x 1 /2 )  

x - x ~ - X - I C n . - * - X -  *-* - 

a , x , /  

'22D+.. 
- Heat applied sublance - Simultaneous success rate 

!Test period - ReMowing ratio 

Produc t ion  Capac i ty  

For  S labb ing  

180,000 t/month 

For  Blooming 

120,000 t/month 

300,000 t/month 

- 
A p p l i c a t i o n  

Cold r o l l e d  s h e e t  

Deep-drawing s h e e t  

Hot r o l l e d  s h e e t  

P l a t e  

Low carbon w i r e  rod 

High carbon wi re  rod  

Tube 

Shape 

1 0 0  

Carbon Content  ( s )  

0.04 - 0.14 

0.04 - 0.07 

0 .05 - 0.25 

0.12 - 0.25 

0 .05 - 0 .25  

0.25 - 0 .85  

0 .08 - 0.40 

0 .15 - 0 .35  

R a t i o  ($)  

3 7  

5 

4  

14 

9 

1 4  

4  

1 3  
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Figure 7 .  Progress of dynamic control at Kimitsu works. 

T a b l e  5 shows t h e  improvements i n  o p e r a t i o n a l  pe r fo rmance  
b r o u g h t  a b o u t  by CQT a t  t h e  No. 2  BOF o f  Nagoya Works. The re- 
blowing ra te  i s  due  o n l y  t o  d e v i a t i o n s  i n  c a r b o n  c o n t e n t  and 
t e m p e r a t u r e  a t  t h e  end p o i n t .  

The f o l l o w i n g  b e n e f i t s  were  o b t a i n e d  a s  a  r e s u l t  o f  t h e s e  
marked improvements i n  o p e r a t i o n a l  pe r fo rmance  o f  t h e  p l a n t :  

M a t e r i a l s  Merits 

- Reduc t ion  i n  consumption o f  f u r n a c e  r e f r a c t o r i e s  b e c a u s e  
o f  t h e  reduced  sampl ing  t i m e  and r e b l o w i n g  and overb lowing  
r a t e :  2.87 k g / t  d 1 . 7 8  k g / t .  

- R e d u c t i o n  i n  consumption o f  d e o x i d i z e r  b e c a u s e  o f  t h e  re- 
duced amount o f  oxygen i n  s t e e l  (consumption o f  a luminum).  
Low-carbon a luminum-k i l l ed  steel:  2.57 k g / t d 1 . 8 5  k g / t .  
Al-Si  k i l l e c l  s teel  f o r  heavy p l a t e :  0 .93 kg/t+.74 k g / t .  

- Improvement i n  i r o n  y i e l d  because  o f  t h e  r e d u c e d  r e b l o w i n g  
r a t e  and overb lowing  r a t e :  9 7 . 5 d 9 8 . 0 9 6 .  



T a b l e  5.  Improvements i n  o p e r a t i o n a l  performance 
brought  a b o u t  by CQT. 

(1) Improvement i n  simultaneous at ta inment  of d e s i r e d  carbon 
conten t  and temperature a t  end po in t  45% 6 90% 

- Carbon content  65% ---Z 92% 

- Temperature 65% 95% 

(2)  Reduction i n  v a r i a t i o n  of end-point 
temperature = 11.7 OC 4 6.0 OC 

( 3 )  Reduction i n  v a r i a t i o n  of end-point carbon content  

- Target  con ten t  2 0.09%: 0 = 0.038% A 0.012% 

- Target  con ten t  2 0.08% 0 = 0.019% - 0.011% 

(4)  Reduction i n  reblowing r a t e  17%- 4% 

P r o d u c t i o n  M e r i t s  

- Reduc t ion  i n  s tee lmakinq  h o u r s  (improvement i n  produc- 
t i v i t y )  d u e  t o  CQT: 14 t o  2 0 % .  

- Improvement i n  c o n t i n u o u s  c a s t i n g  c a p a c i t y  because  o f  
t h e  improved s i m u l t a n e o u s  h i t t i n g  r a t e :  1 7 % .  

- Labor s a v i n g  d u e  t o  pushbut ton  o p e r a t i o n :  2 workmen 
p e r  s h i f t .  

Q u a l i t y  Merits 

- Reduc t ion  of  d e f e c t s  i n  heavy p l a t e :  1 . 2 4 % .  

- Reduct ion i n  o f f - s p e c i f i c a t i o n  r a t e  of a luminum-ki l led 
s teel  s l a b s :  0 . 6 0 % .  (Both a r e  d u e  t o  t h e  reduced  oxygen 
l e v e l  i n  t h e  s t e e l  caused  by t h e  improved r a t e s  o f  s u c c e s s -  
f u l  h e a t s . )  

CONCLUSION 

A s  shown i n  T a b l e  6 ,  a l l  o u r  o p e r a t i o n a l  BOF p l a n t s  have 
a l r e a d y  o r  a r e  s t a r t i n g  t o  a d o p t  t h e  CQT system.  Near ly  2 0  y e a r s  
have passed  s i n c e  t h e  c o n c e p t  of BOF dynamic c o n t r o l  was f i r s t  
p r e s e n t e d .  Need less  t o  s a y ,  t h e  r a t e  o f  s u c c e s s f u l  h e a t s  depends 
on t h e  a c c u r a c y  of  t h e  e x i s t i n g  t e c h n i q u e s  a p p l i e d  i n  t h e  dynamic 
c o n t r o l  system.  We t h e r e f o r e  had t o  c a r r y  o u t  many fundamenta l  
tes ts  and e x p e r i m e n t s  b e f o r e  f i n a l l y  a c h i e v i n g  t h e  c u r r e n t  h i g h  
r a t e s  of  a t t a i n m e n t  o f  s u c c e s s f u l  h e a t s .  The merger w i t h  u s  of 
t h e  former  Yawata and F u j i  S t e e l  he lped  push fo rward  t h e  deve lop-  
ment o f  t h e  dynamic c o n t r o l  system.  



T a b l e  6 .  I n s t a l l e d  and p lanned  s u b l a n c e  equipment  i n  
Nippon S t e e l  C o r p o r a t i o n  (NSC) . 

Total: 19 sets (in operation) 10 sets (under construction or planning) 

(Note) * :  installed in Apr.1968 but not operating now 
( ) :  under construction or planning 

Steelmaking Plant 

Oita 1 (330x1) O m  1 CG (fixed, 23.4 
swing) 

Furnace 

110tx2 
120x1 

(270x2) 

90x2 

(220x3) 

300x2 

170x2 
(170x1) 

250x2 

170x3 

120x1 
(100x2) 

(150x1) 

170x2 
(*170~1) 

Muroran 

No. 2 

No. 3 

( Main Specification for 1 
Sublance Equipment Start- Waste Gas 

Equipment 

Boiler 

OG 

Boiler 

OG 

OG 

OG 

OG 

OG 

OG 

OG 

OG 

Kamaishi 

Kimitsu 

Nagoya 

Manual 

Automatic 
(swing) 

Manual 

Automatic 
(fixed) 

Automatic 
(fixed) 

Automatic 
(swing) 

Automatic 
(swing) 

Automatic 
(fixed) 

Automatic 
(swing) 

Automatic 
(swing) ------ 
Manual, 

Automatic 
(swing) 

Automatic 

No. 1 

No. 2 

No. 1 

No. 2 

16.' 

22.4 

14.7 

20.0 

22.4 

17.9 

20.6 

16.0 

15.2 

19.8 

13.6- 
15.7 

Saka 

Hirohata No. 2 

Sep.69 
Oct.68 

[Oct. 77) 

Jun. 69 

(Oct.77) 

Jul. 71 

Dec. 75 
(Sep.76) 

Dec. 72 

Apr .73 
Ju1.76 

Apr.75 
(Aug.77) 

(~0v.77) 

May, 
Oct.72 

Yawata 

NO. 1 

No. 2 



Our a t t a i n m e n t  o f  s u c c e s s f u l  h e a t s  i s  now o n l y  a  l i t t l e  
o v e r  90%. A l l  o u r  e n g i n e e r s  concerned  w i t h  s t e e l m a k i n g  w i l l  
c o n t i n u e  e x e r t i n g  t h e i r  u tmos t  e f f o r t s  f o r  making t h e  r a t e  of 
a c h i e v i n g  s u c c e s s f u l  h e a t s  a s  n e a r  100% a s  p o s s i b l e .  



D i s c u s s i o n  

The p a r t i c i p a n t s  a p p r e c i a t e d  t h e  good r e s u l t s  ach ieved  by 
Nippon S t e e l  C o r p o r a t i o n  (NSC); t h e y  were v e r y  impressed by t h e  
h i g h  a c c u r a c y  of t h e  system.  

A g roup  of  q u e s t i o n s  were r a i s e d  c o n c e r n i n g  t h e  o r g a n i z a t i o n  
o f  t h e  g e n e r a l  c o n t r o l  sys tems .  It was p o i n t e d  o u t  t h a t  f o r  t h e  
s u c c e s s f u l  o p e r a t i o n  o f  a  c o n t r o l  sys tem,  a  sys tem of  f a c t o r s  
were needed,  a s  mentioned i n  t h e  p r e v i o u s  r e p o r t .  A dynamic 
system based  on w a s t e  g a s  c o n t r o l  is p r e s e n t l y  n o t  be ing  used by 
NSC. About two o r  t h r e e  y e a r s  ago ,  NSC was u n s u c c e s s f u l  i n  i t s  
a t t e m p t s  t o  o b t a i n  i n f o r m a t i o n  on b a s i c  dynamic sys tems ,  and 
t h u s  d e c i d e d  t o  c o n c e n t r a t e  t h e i r  e f f o r t s  on s u b l a n c e  c o n s t r u c t i o n  
which now o p e r a t e s  w i t h  a  computer-based s t a t i c  model.  I n  NSC, 
50 t o  60 p e r c e n t  of h e a t s  were produced manual ly  from a g i v e n  
v a l u e ,  70 t o  80 p e r c e n t  by implementa t ion  of a  s t a t i c  model and ,  
even f o r  t h e  p r o d u c t i o n  of  h i g h  ca rbon  s teel ,  90 t o  95 p e r c e n t  by 
j o i n t  implementa t ion  of t h e  s u b l a n c e  and t h e  s t a t i c  sys tems .  

Replying t o  q u e s t i o n s  on p r o c e s s  c h a r a c t e r i s t i c s ,  one p a r t i -  
c i p a n t  c h a r a c t e r i z e d  c e r t a i n  f e a t u r e s  of t h e  BOF t e c h n o l o g y  
implemented i n  NSC. The blowing t i m e  i s  less t h a n  20 min, t h e  
i r o n  c o n t e n t  i n  t h e  s l a g  is a b o u t  17 t o  18 p e r c e n t ,  and t h e  i n g o t  
c a s t i n g  t e m p e r a t u r e  is  1500 t o  1600 OC;  f o r  c o n t i n u o u s  c a s t i n g  
t h e  l a t t e r  f i g u r e  i s  somewhat h i g h e r .  The h o t  m e t a l  is  t r a n s -  
p o r t e d  by t o r p e d o  gun, u s u a l l y  w i t h o u t  t h e  u s e  of a  m i x e r ,  and 
o n l y  o n e  sample i s  t a k e n  from each  t o r p e d o  gun. There  a r e  no 
problems w i t h  phosphorus  and s u l f u r  because  t h e r e  i s  d e s u l f u r i z a -  
t i o n  c l e a r a n c e .  A f t e r  blowing i s  comple ted ,  a  sample i s  t a k e n  
immediate ly  f o r  low carbon ,  a l t h o u g h  f o r  h i g h  c a r b o n  it i s  
n e c e s s a r y  t o  w a i t  a b o u t  f i v e  min. 

The d e s i g n  of t h e  s u b l a n c e  f o r  e a c h  p l a n t  depends on t h e  
d e s i g n  of  t h e  p l a n t .  A number o f  q u e s t i o n s  were asked  a b o u t  t h e  
a c c u r a c y  of t h e  system.  I n  o r d e r  t o  have a n  end-po in t  t e m p e r a t u r e  
e r r o r  of o n l y  6  OC, it i s  n e c e s s a r y  t o  have a  t e m p e r a t u r e  measure- 
ment i n  t h e  blowing c o n v e r t e r  w i t h  a  h i g h  accuracy .  Some p a r t i c i -  
p a n t s  e x p r e s s e d  d o u b t  a b o u t  t h e  p o s s i b i l i t y  o f  a c c u r a t e l y  measur- 
i n g  t h e  t e m p e r a t u r e  because  thermocouple  e r r o r s  a l o n e  a r e  more 
t h a n  8 OC. The same n e g a t i v e  comments were g i v e n  r e g a r d i n g  
measurement o f  t h e  s o l i d i f i c a t i o n  t e m p e r a t u r e  f o r  c a r b o n  c o n t e n t  
d e t e r m i n a t i o n .  The u n l i k e l i h o o d  of a c h i e v i n g  a c c u r a c y  i n  temper- 
a t u r e  measurement of 1 OC was s t r e s s e d  by s e v e r a l  p a r t i c i p a n t s .  

The need f o r  s y s t e m a t i c  c a l i b r a t i o n  of measurement sys tems  
was u n d e r s c o r e d .  I t  was n o t e d  t h a t  no s p e c i a l  c a l i b r a t i o n  had 
been implemented e x c e p t  normal ca rbon  a n a l y s i s  from t h e  same 
sample t h a t  was used f o r  measur ing  s o l i d i f i c a t i o n  t e m p e r a t u r e .  

A s  r e g a r d s  t h e  c o s t  o f  a  s u b l a n c e  sys tem,  t h e  a u t h o r  s a i d  
t h a t  t h e  c o s t  f o r  t h r e e  v e s s e l s  was a b o u t  3 m i l l i o n  d o l l a r s .  



Dynamic Operat ion of  t h e  LD Process :  

A Model f o r  End-Point Cont ro l  

W.  Lanzer and E. Weiler  

The s u b j e c t  of t h i s  workshop a t  f i r s t  s i g h t  seems v e r y  
g e n e r a l .  The reason  i s  t h a t  computer a p p l i c a t i o n  is  no t  a  f i e l d  
w i t h i n  i t s e l f .  Because of t h e  development of computer technology,  
l e a d i n g  t o  computers of  i n c r e a s i n g  c a p a c i t y  and lower p r i c e ,  t h e i r  
a p p l i c a t i o n  has  become widespread.  

Apart  from t e c h n i c a l  s o l u t i o n  of t h e  s u b s t a n t i v e  problem, 
o t h e r  f a c t o r s  a r e  of importance,  such a s  o r g a n i z a t i o n  i n  t h e  EDP 
a r e a  and problems of maintenance,  a s  w e l l  a s  t h e  personnel  s t r u c -  
t u r e .  The ways i n  which problems a r e  so lved  a r e  t h u s  s p e c i f i c  t o  
each  f i r m  and can  be a p p l i e d  i n  o t h e r s  only  under c e r t a i n  condi-  
t i o n s .  

Computer u se  f o r  t h e  Basic  Oxygen Furnaces (BOFs) of Mannes- 
rnann AG Huttenwerke r anges  from d a t a  c o l l e c t i o n ,  s t a t i c  and dy- 
namic p roces s ing ,  a  model f o r  c a l c u l a t i n g  optimum a l l o y i n g  addi -  
t i o n s ,  and c o n t r o l  of  b i n  f eed ing  t o  q u a l i t y  c o n t r o l .  Much of 
t h i s  i s  s i m i l a r l y  d e a l t  w i t h  i n  o t h e r  s t e e l  works. With t h i s  
g e n e r a l  background, we d i s c u s s  i n  t h i s  paper a  f i e l d  of app l i ca -  
t i o n  i n  which some problems a r e  s t i l l  unsolved and a  good d e a l  
of " m e t a l l u r g i c a l  p r e c i s i o n  work" is  s t i l l  needed. 

Attempts  t o  o p e r a t e  t h e  LD p roces s  f u l l y  a u t o m a t i c a l l y  by 
means of a  dynamic model have o f t e n  been made. The s t a r t i n g  
p o i n t s  f o r  problem s o l u t i o n  a r e  mani fo ld ,  ranging  from simple 
secondary c o n t r o l  of p roces s  v a r i a b l e s  t o  h igh ly  complex mathe- 
m a t i c a l  p roces s  d e s c r i p t i o n s .  Apart  from secondary c o n t r o l ,  
p roces s  r e p r e s e n t a t i o n  r e q u i r e s  cont inuous  p roces s  informat ion  
by means of measurements. It i s  i n  t h e  n a t u r e  of s t e e l  produc- 
t i o n  t h a t  t h e s e  measurements must be made under ve ry  d i f f i c u l t  
c i rcumstances .  Never the less ,  v a r i o u s  a t t empt s  have been made, 
e . g .  t o  de te rmine  s l a g  c o n d u c t i v i t y ,  t h e  weight  of  t h e  v e s s e l  
and i t s  v i b r a t i o n s ,  r a d i a t i o n  tempera ture  a t  d i f f e r e n t  p o i n t s ,  
cont inuous  b a t h  tempera ture ,  l a n c e  expansion,  v e s s e l  sound and 
was te  g a s  a n a l y s i s .  

The u s e f u l n e s s  of measurements f o r  dynamic process ing  l i e s  
i n  t h e i r  r e p r o d u c i b i l i t y  and t h e i r  d i r e c t  r e l a t i o n  t o  t h e  metal-  
l u r g i c a l  process .  Waste g a s  a n a l y s i s  and b a t h  tempera ture  
measurement du r ing  t h e  blow meet t h e s e  c o n d i t i o n s  w e l l .  

I n  oxygen s t e e l  p l a n t  I of Mannesmann AG ~ u t t e n w e r k e ,  
i n s t rumen t s  f o r  was te  g a s  a n a l y s i s  and measuring v e s s e l  sound 



a r e  i n s t a l l e d .  Our s t u d i e s  f o r  p roces s  automation i n  t h i s  p l a n t  
have two main f e a t u r e s .  We examined t h e  c o n t r i b u t i o n  of waste  
g a s  a n a l y s i s  t o  t h e  m e t a l l u r g i c a l l y  based p roces s  d e s c r i p t i o n  
and t o  t h e  r e s u l t i n g  p roces s  c o n t r o l ;  and we focused on t h e  end 
p o i n t  of blowing i n  o rde r  t o  reach  a  b e t t e r  accuracy  of h i t .  

I n  t h e  f i r s t  p a r t  of ou r  i n v e s t i g a t i o n  [ I ] ,  t h e  me l t  h i s t o r y  
and e s p e c i a l l y  t h e  s l a g  h i s t o r y  a s  deduced from waste gas  measure- 
ment was r ep re sen ted .  The b a s i s  of  such a  r e p r e s e n t a t i o n  i s  t h e  
cont inuous  oxygen ba lance ;  t h e  r e s u l t  i s  t h e  oxygen f low e n t e r -  
i ng  o r  l e a v i n g  t h e  s l a g .  These r e s u l t s ,  de r ived  pu re ly  from 
measurements, c an  be r e f i n e d  by m e t a l l u r g i c a l  assumptions i n  
such a  way t h a t  a l l  t h e  r e l e v a n t  v a r i a b l e s  of t h e  s l a g  h i s t o r y  
can  be r ep re sen ted .  F igu re  1  shows t h e  cou r se  of t h e  s l a g  i n  
t h e  q u a s i t e r n a r y  system. 

0  10 20 30 40 50 60 

(FeO)' in % - 
2...14 = 2nd ... 14th 
minute of blow 

Figure 1 .  Error in thr description of the slag course. 

The accuracy  of t h i s  r e p r e s e n t a t i o n  is  impor tan t  i f  it i s  
t o  be used a s  t h e  s t a r t i n g  p o i n t  f o r  p roces s  c o n t r o l .  F igu re  1 
t h e r e f o r e  a l s o  shows t h e  inaccuracy  of t h e  s l a g  diagram a s  
e s t a b l i s h e d  by e r r o r  c a l c u l a t i o n .  It comprises:  

E r ro r  range  11: Due t o  metrology and t h e  m e t a l l u r g i c a l  
model (BOF shop 1 )  ; 

Er ro r  range  I :  Assuming t h e  b e s t  conce ivable  metrology 
and no model e r r o r .  



C l e a r l y  t h e  i n a c c u r a c y  o f  t h e  r e p r e s e n t a t i o n  i s  s t i l l  c o n s i d e r -  
a b l e  i n  t h e  most f a v o r a b l e  h y p o t h e t i c a l  c a s e  ( e r r o r  r a n g e  I ) ,  
and is  t o o  g r e a t  t o  p e r m i t  p r o c e s s  c o n t r o l  i n  t e r m s  of conf i rmed  
m e t a l l u r g i c a l  t a r g e t  r a t e s .  F i g u r e  2 ,  showing t h e  i s o - s l a g  l i n e s  
[2]  f o r  phosphorous,  i l l u s t r a t e s  how narrow t h e  r a n g e  i s  i n  
s l a g g i n g  c o n t r o l .  The i n a c c u r a c y  o f  t h e  measurements by f a r  
e x c e e d s  t h i s  r a n g e .  

Figure 2. Phosphorus ~lagging in the (CaO)' - (Si02)' . (FeO)' System. 

A p a r t  f rom t h e  oxygen b a l a n c e ,  w a s t e  g a s  a n a l y s i s  t r a n s m i t s  
o t h e r  p r o c e s s  i n f o r m a t i o n ,  s u c h  a s  t h e  d e c a r b u r i z a t i o n  r a t e .  H e r e  
t o o ,  e x t e n s i v e  a t t e m p t s  have been made t o  d e v e l o p  c o n t r o l  a l g o -  
r i t h m s  o r  e s t a b l i s h  p r o c e s s  c o n t r o l s .  The r e l a t i o n s h i p  t o  t h e  
p r o c e s s  c a n ,  however, b e  e s t a b l i s h e d  o n l y  e m p i r i c a l l y  by many ob- 
s e r v a t i o n s .  Such methods have no c a u s a l  r e l a t i o n s h i p  d e r i v a b l e  
from t h e o r y .  

I n  t h e  a r e a  o f  low carbon  c o n t e n t ,  however,  such  a  r e l a t i o n -  
s h i p  c a n  q u i t e  w e l l  b e  shown. T h i s  i s  because ,  a s  t h e  p r o c e s s  
a p p r o a c h e s  e q u i l i b r i u m ,  it t a k e s  a  p a t h  t h a t  c a n  b e  d e s c r i b e d  i n  
t e r m s  of  r e a c t i o n  k i n e t i c s .  T h i s  i s  s e e n  i n  t h e  well-known re- 
l a t i o n  between c a r b o n  and d e c a r b u r i z a t i o n  r a t e  which, a f t e r  e x p e r i -  
menta l  v a l i d a t i o n ,  i s  o f t e n  used  f o r  ca rbon  end-po in t  e v a l u a t i o n .  



I n  t h e  second p a r t  o f  o u r  i n v e s t i g a t i o n s  [ 3 ]  w e  t r i e d  t o  de-  
r i v e  t h i s  r e l a t i o n  from r e a c t i o n  k i n e t i c s  s o  a s  t o  become more 
independent  o f  changing  r e a c t i o n  p a r a m e t e r s .  T h i s  approach ,  i n  
which t h e  p r o c e s s  c o u r s e  was d e s c r i b e d  e s s e n t i a l l y  by means o f  
t h e  i n t e r m e d i a t e  f o r m a t i o n  o f  FeO i n  t h e  f o c u s  r e s u l t e d  i n  a v e r y  
u s e f u l  m a t h e m a t i c a l  r e l a t i o n  between t h e  b a t h  ca rbon  and  t h e  de-  
c a r b u r i z a t i o n  r a t e .  T h i s  r e l a t i o n - - a n d  t h e  i n t e g r a l  d e r i v e d  from 
it, which shows t h e  ca rbon  o x i d a t i o n  l o s s  curve- - led  t o  a new d i s -  
p l a y  of  t h e  end p o i n t .  With t h i s  method t h e  r e s i d u a l  blowing t i m e  

(tblow) i s  c o n t i n u o u s l y  de te rmined  by computer ,  a s  shown i n  F i g u r e  

3 .  The r e s i d u a l  blowing t i m e ,  which r e s u l t s  f rom t h e  measured de-  
c a r b u r i z a t i o n  r a t e ,  t h e  t a r g e t  ca rbon  v a l u e ,  and t h e  l a g  t i m e  o f  
t h e  w a s t e  g a s  measurement,  i s  d i s p l a y e d  on  a g r a p h i c  d e v i c e .  
T h i s  form o f  d i s p l a y  h a s  t h e  f o l l o w i n g  a d v a n t a g e .  I f  t h e  p r o c e s s  
r u n s  i n  accordance  w i t h  t h e  p r e s e t  r e a c t i o n  p a r a m e t e r s ,  a 45O 
s t r a i g h t  l i n e  i s  d i s p l a y e d ,  g i v e n  a p p r o p r i a t e  paper  speed .  I f ,  
however, t h e  p r o c e s s  t a k e s  a n  u n i n t e n d e d  c o u r s e ,  t h e  shape of t h e  
g r a p h  w i l l  show it. I n  t h i s  c a s e  a lower  a c c u r a c y  o f  h i t  may b e  
e x p e c t e d  . 

- kg C / dt- -time- 

t blow = ttarget -tbath- lag t i m e  

Figlrc: 3. (:arbon end-point control ("Countdown"). 



Before t h e  end-point  method was t e s t e d ,  a s t a t i c  model had 
been i n  o p e r a t i o n  i n  oxygen s t e e l  p l a n t  I f o r  same t ime.  Th i s  
model, which i s  based on chemico-physical equa t ions ,  has  t h e  
t a s k  of c a l c u l a t i n g  cha rges ,  a d d i t i o n s  and q u a n t i t y  of oxygen 
t o  be  blown. I n t r o d u c t i o n  of t h e  dynamic end-point  method caused 
an o v e r l a p  of t h e  two techniques :  f o r  t h e  blower goes by e i t h e r  
t h e  r e s i d u a l  blowing t ime o r  t h e  oxygen q u a n t i t y  t o  be blown. 

A p o s s i b l e  s o l u t i o n  of  t h i s  problem is  t o  combine t h e  two 
methods w i th  t h e  under ly ing  idea  of improving t h e  r e s u l t s  by 
l i n k i n g  two measurements. The p re suppos i t i on  f o r  improvement, 
however, i s  t h a t  whi le  t h e  measurements d i f f e r  i n  method they  
a r e  comparable i n  t h e i r  accuracy.  This  i s  t h e  c a s e  w i th  t h e  
dynamic and t h e  s t a t i c  methods, which b a s i c a l l y  a r e  merely ways 
of measuring carbon and tempera ture  ( s e e  F igu re  4 ) .  I f  one blow 
on ly  by t h e  dynamic method, a c c u r a c i e s  of h i t  would be a s  on t h e  
l e f t  s i d e  of t h e  f i g u r e ;  i f  by t h e  s t a t i c  method, a s  on t h e  r i g h t .  
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Figure 4. Combination of the dynamic and the static control systems. 



A s  c a n  be s e e n ,  t h e  b e s t  r e s u l t s  a r e  o b t a i n e d  i f  t h e  two methods 
a r e  combined a c c o r d i n g  t o  t h e  s i m p l e  e q u a t i o n :  

where 

t 
g a s  

= r e s i d u a l  blowing t i m e ,  combined methods, 

t 
dyn 

= r e s i d u a l  blowing t i m e ,  dynamic method, 

tstat = r e s i d u a l  blowing t i m e ,  s t a t i c  method, 

P  = combina t ion  c o e f f i c i e n t .  

The combina t ion  c o e f f i c i e n t  a l l o w s  f o r  t h e  d i f f e r e n t  
a c c u r a c i e s  o f  t h e  two t e c h n i q u e s  i n  t h a t  t h e  more a c c u r a t e  a l -  
ways h a s  a  c o r r e s p o n d i n g l y  l a r g e r  s h a r e  i n  t h e  combina t ion .  F o r  
e q u a l  a c c u r a c y  of  h i t  of b o t h ,  t h e  combina t ion  c o e f f i c i e n t  must 
b e  0 .5;  b u t  a s  F i g u r e  4 shows, t h i s  i s  n o t  t h e  c a s e  h e r e .  

With t h e  dynamic method, t h e  c h a r g e  o f  t h e  h e a t s  i s  of 
c o u r s e  de te rmined  by t h e  s t a t i c  method, and o n l y  t h e  p o i n t  i n  
t i m e  when t h e  p r o c e s s  ends  i s  e s t a b l i s h e d  by t h e  dynamic method. 
The g r e a t e r  a c c u r a c y  of h i t  of t h e  t e m p e r a t u r e  w i t h  t h e  dynamic 
method i s  i n t e r e s t i n g .  The r e a s o n  f o r  it is  t h a t  t h e  p r o c e s s  i s  
f i n i s h e d  w i t h  a  c e r t a i n  d e c a r b u r i z a t i o n  r a t e ,  i . e .  a t  a  c e r t a i n  
o x i d a t i o n  s t a g e  of t h e  s l a g ,  s o  t h a t  o v e r o x i d a t i o n  of t h e  s l a g  
i s  p r e v e n t e d .  

The r e s u l t s  o f  t h e  combina t ion  is  two t i m i n g s ,  one f o r  ca rbon  
and t h e  o t h e r  f o r  t e m p e r a t u r e .  Both i n d i c a t e  f o r  how l o n g  blow- 
i n g  must t a k e  p l a c e  b e f o r e  t h e  d e s i r e d  v a l u e s  a r e  r e a c h e d .  I n  
t h e  i d e a l  c a s e  bo th  t e n d  t o  z e r o  i n  p a r a l l e l ,  a s  i s  shown on t h e  
l e f t  s i d e  o f  F i g u r e  5. T h i s  means t h a t  t h e  two end p o i n t s  a r e  
r e a c h e d  s i m u l t a n e o u s l y ,  t h e  p r o c e s s  h a s  t a k e n  t h e  i n t e n d e d  c o u r s e ,  
and w e  c a n  e x p e c t  a  good a c c u r a c y  of h i t .  I f  t h e  ca rbon  end p o i n t  
i s  ahead ,  t h e  ca rbon  c o n t e n t  of t h e  h e a t  must b e  reduced  by 
f u r t h e r  blowing s o  a s  t o  o b t a i n  t h e  d e s i r e d  t e m p e r a t u r e .  I f  
t h e  end p o i n t  of t h e  t e m p e r a t u r e  i s  ahead (see r i g h t  s i d e  of 
F i g u r e  51, t h e  computer i n d i c a t e s  t h e  c o o l i n g  c o r r e c t i o n  
n e c e s s a r y  t o  p r e v e n t  t h e  m e l t  from b e i n g  s u p e r h e a t e d .  

I n  p r i n c i p l e  it i s  now p o s s i b l e  t o  f i n i s h  blowing f u l l y  
a u t o m a t i c a l l y .  W e  d i d  n o t  s o  do  f o r  t h e  f o l l o w i n g  two r e a s o n s .  

A s  soon a s  t h e  s t a t i c  t e c h n i q u e  was i n t r o d u c e d ,  i t  t u r n e d  
o u t  t h a t  t h e  blower c o n t r i b u t e s  t o  improving t h e  r e s u l t s .  For  
example,  t h e  a c c u r a c y  of  h i t  06 t h e  s t a t &  model,  i n  t e r m s  o f  
d e v i a t i o n ,  i n c r e a s e d  from +24 C t o  + 1 7  C f o r  t e m p e r a t u r e  and 
from +0.04% t o  50.03% f o r  c a r b o n .  ~ K t r o d u c t i o n  of t h e  dynamic 
metho3 h a s  a  s i m i l a r  e f f e c t .  The r e a s o n  i s  t h a t  t h e  b lower ,  
w i t h  h i s  o b s e r v a t i o n s  and h i s  fund of  e x p e r i e n c e ,  i s  h imse l f  a  
k i n d  of measuring method which, i n  combina t ion  w i t h  o t h e r  methods, 
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Figure 5 .  End-point display for temperature and carbon. 

improves  r e s u l t s .  The d i f f i c u l t y  h e r e  i s  t h a t  t h i s  c o m b i n a t i o n  
c a n n o t  b e  r e p r e s e n t e d  i n  m a t h e m a t i c a l  terms. T h i s  c a n  b e  com- 
p e n s a t e d  t o  some e x t e n t  by na r rowing  t h e  l a t i t u d e  o f  t h e  blower  
f o r  d e p a r t i n g  f rom t h e  i n s t r u m e n t  i n d i c a t i o n s .  The e f f i c i e n c y  
o f  t h i s  c o m b i n a t i o n  must b e  checked  by c o n t i n u o u s  s t a t i s t i c a l  
e v a l u a t i o n .  

The second r e a s o n  i s  t h a t  we want t o  e n a b l e  t h e  b lower  t o  
g u i d e  t h e  p r o c e s s  b e t t e r  by g i v i n g  him a s  much i n f o r m a t i o n  a s  
p o s s i b l e .  The f i n a l  r e s p o n s i b i l i t y ,  and t h u s  invo lvement  w i t h  
t h e  p r o c e s s ,  s h o u l d  b e  l e f t  t o  him, however,  a l s o  w i t h  a  v i e w  
t o  c o n t i n u o u s  improvement o f  t h e  t e c h n i q u e s  used .  

SUMMARY 

Waste g a s  measurement d e l i v e r s  i m p o r t a n t  p r o c e s s  i n f o r m a t i o n  
f o r  t h e  LD method. For  m e t a l l u r g i c a l l y  based  p r o c e s s  c o n t r o l ,  
however,  t h i s  i n f o r m a t i o n  i s  n o t  s u f f i c i e n t l y  a c c u r a t e .  T h i s  i s  
i n  c o n t r a s t  t o  d e t e r m i n a t i o n  o f  t h e  end p o i n t ,  where  t h e  r e s u l t s  
o f  t h e  dynamic method deve loped  v i a  w a s t e  g a s  measurement a r e  
good. They may b e  f u r t h e r  improved by combining t h e  dynamic and 
t h e  s t a t i c  methods.  The i d e a  u n d e r l y i n g  t h i s  l i n k a g e  i s  t o  com- 
b i n e  measurements  o f  u n e q u a l  p r e c i s i o n .  
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D i s c u s s i o n  

S e v e r a l  p o i n t s  were r a i s e d  a b o u t  BOF o p e r a t i o n s  and computer 
s y s t e m s ,  w i t h  a  view t o  u n d e r s t a n d i n g  t h e  f u n c t i o n s  of  t h e  sys tem 
more f u l l y .  I t  was s t a t e d  t h a t  Mannesmann produced steel  w i t h  a  
c a r b o n  c o n t e n t  o f  0 .20-0 .5  p e r c e n t .  While t h e r e  a r e  no problems 
w i t h  s u l f u r ,  phosphorus  p r e s e n t s  problems.  Thus Mannesmann u s e s  
t h e  i n f o r m a t i o n  on t h e  c o n v e r t e r  sound,  which i s  a  good i n d i c a t o r  
of t h e  s l a g  c o n s i s t e n c y  a v a i l a b l e  f o r  t h e  o p e r a t o r  on  d i s p l a y .  

C a l c u l a t i o n s  f o r  t h e  dynamic model on t h e  w a s t e  g a s  a n a l y s i s  
and  f o r  t h e  s t a t i c  c h a r g e  c a l c u l a t i o n  model beg in  a f t e r  a c e r t a i n  
amount o f  oxygen blowing.  The d e c a r b o n i z a t i o n  r a t e  must b e  below 
a  c e r t a i n  l e v e l .  I n  t h e  l a s t  two m i n u t e s  of  blowing,  t h e  oxygen 
f l o w  r a t e  and t h e  l a n c e  p o s i t i o n  a r e  a t  t h e  same l e v e l s .  The 
combined r e s u l t s  of  t h e  c a l c u l a t i o n s  f o r  t h e  s t a t i c  and  t h e  
dynamic models a r e  a v a i l a b l e  t o  t h e  o p e r a t o r  a t  t h e  end o f  blow- 
i n g ,  t h u s  g i v i n g  improved a c c u r a c y .  

One p a r t i c i p a n t  p o i n t e d  o u t  t h a t  a c c u r a c y  of w a s t e  g a s  
a n a l y s i s  was n o t  s u f f i c i e n t .  Even t h e  u s e  o f  mass s p e c t r o m e t e r s  
d o e s  n o t  make it p o s s i b l e  t o  c o n t r o l  t h e  d e c a r b o n i z a t i o n  p r o c e s s .  
A combina t ion  of  t h i s  i n f o r m a t i o n  w i t h  t h e  s t a t i c  model improves 
t h e  f i n a l  r e s u l t s .  There  i s ,  however, no dynamic i n f o r m a t i o n  
a b o u t  t h e  t e m p e r a t u r e .  

The man-computer i n t e r f a c e  was a l s o  d i s c u s s e d .  I t  was 
p o i n t e d  o u t  t h a t  t h e  Mannesmann approach  was t o  n o t  e n t r u s t  t h e  
computer w i t h  a l l  c o n t r o l  f u n c t i o n s ,  and t o  keep t h e  o p e r a t o r  
informed a b o u t  t h e  p r o c e s s ,  making it p o s s i b l e  f o r  him t o  make 
d e c i s i o n s  i n  a  p a r t i c u l a r  a r e a .  To keep t h e  o p e r a t o r  informed 
a b o u t  t h e  d e c a r b o n i z a t i o n  r a t e ,  sound and t i m e  o f  blowing a r e  
used.  The f i n a l  d e c i s i o n  l ies  w i t h  t h e  o p e r a t o r .  





P r o c e s s  C o n t r o l  Computer Systems f o r  B a s i c  Oxygen S tee lmakinq :  
E x p e r i e n c e  a t  t h e  B r i t i s h  S t e e l  C o r p o r a t i o n  

T e e s s i d e  and  S c u n t h o r p e  S t e e l  P l a n t s  

D .  Anderson and J . D .  G i f f o r d  

INTRODUCTION 

The Lackenby B a s i c  Oxygen S tee lmaking  (BOS) P l a n t  was 
commissioned i n  1971 and c o n s i s t e d  of two 260 t oxygen c o n v e r t e r s  
w i t h  a  r a t e d  o u t p u t  o f  2 .2  M t .  L a t e r ,  i n  1972, a  t h i r d  c o n v e r t e r  
o f  t h e  same s i z e  and d e s i g n  was added.  O p e r a t i o n  o f  t h r e e  con- 
v e r t e r s  i n  a  shop  d e s i g n e d  o r i g i n a l l y  f o r  two h a s  proceeded u n t i l  
t h e  p r e s e n t ,  b u t  d e s p i t e  s e v e r a l  improvements c a r r i e d  o u t  o v e r  
t h i s  p e r i o d  s e r i o u s  d e f i c i e n c i e s  remained .  A major  e x p a n s i o n  
scheme h a s  been u n d e r t a k e n  t h e r e f o r e  t o  r a i s e  t h e  p r o d u c t i o n  capa-  
b i l i t y  o f  t h e  p l a n t  t o  4.85 M t  p e r  annum. Complet ion h a s  been 
phased  t o  c o i n c i d e  w i t h  t h e  commissioning o f  a  10 ,000  p e r  d a y  
b l a s t  f u r n a c e  a t  Redcar i n  1978. 

S i g n i f i c a n t  among t h e  changes  w i l l  b e  a  r e d u c t i o n  i n  t h e  
o p e r a t i n g  c y c l e  t i m e ,  t a p - t o - t a p ,  which,  a p a r t  f rom t h e  l o g i s t i c  
c o n s i d e r a t i o n s ,  n e c e s s i t a t e s  a  h i g h  l e v e l  of p r o c e s s  c o n t r o l .  

Wi th in  t h e  B r i t i s h  S t e e l  C o r p o r a t i o n  (BSC), t h e  most modern 
a p p l i c a t i o n  of p r o c e s s  c o n t r o l  computer  f a c i l i t i e s  i s  t h a t  a t  t h e  
Appleby Frodingham and Normanby Park  BOS P l a n t s  a t  t h e  Scun thorpe  
Works. T h e r e f o r e ,  i n  t h e  d e s i g n  of t h e  sys tem f o r  Lackenby 
a t t e n t i o n  was g i v e n  t o  t h e  e x p e r i e n c e  g a i n e d  and t o  t h e  p r o c e s s  
c o n t r o l  deve lopments  c e n t e r e d  a t  t h e  Appleby Frodingham and 
Normanby P a r k  P l a n t s .  

I n  t h i s  r e v i e w ,  t h e  p r o c e s s  c o n t r o l  f a c i l i t i e s  a t  Scun thorpe  
a r e  d e s c r i b e d  b e f o r e  d e a l i n g  w i t h  t h e  p r o p o s a l s  f o r  t h e  sys tem 
a t  Lackenby. 

APPLEBY FRODINGHAM 

P l a n t  C h a r a c t e r i s t i c s  

The c o n s t r u c t i o n  o f  t h e  BOS and c o n t i n u o u s  c a s t i n g  f a c i l i t i e s  
was p a r t  of a  major  m o d e r n i z a t i o n  and e x p a n s i o n  of s t e c l m a k i n g  i n  
t h e  Appleby Frodingham Works. T o t a l  c a p a c i t y  was r a i s e d  from 
a p p r o x i m a t e l y  2.5 M t  of l i q u i d  s teel  p e r  annum t o  a b o u t  4.25 M t  
i n  t h e  f u l l y  commissioned works .  C u r r e n t l y  3 . 6  M t  c a n  b e  c a s t  
i n t o  i n g o t s  and 0 .65 M t  f e e d  t h e  c o n t i n u o u s  s l a b  c a s t i n g  p l a n t .  
The p l a n t  was commissioned i n  1973. F u t u r e  deve lopments  w i l l  



r a i s e  t h e  p o t e n t i a l  c a p a c i t y  o f  t h e  Appleby Frodingham 
p l a n t  f u r t h e r  t o  6 M t  p e r  annum. A p l a n  of t h e  BOS shop i s  
g i v e n  i n  F i g u r e  1 and t h e  m a t e r i a l s  f l o w  i n  r e l a t i o n  t o  t h i s  is 
g i v e n  i n  F i g u r e  2 .  Key o p e r a t i n g  d a t a  f o r  t h e  p l a n t  a r e  g i v e n  
i n  T a b l e  1 .  

Restoppering stations Transfer to wntinuour cart plant 

Scrap yard 

Figrrc* 1. Plarl o f  BOP shop al Applt.by -Frodit~ghan~.  





T a b l e  1 .  Key o p e r a t i n g  d a t a  f o r  Appleby Frodingham. 

Hot Metal Analysis 

Typical  average analyses and s tandard dev ia t ion  va lues  a r e  given. 
However, a s  i r o n  i s  supplied from up t o  t en  b l a s t  fu rnaces ,  consider- 
a b l e  v a r i a t i o n s  can occur within s h o r t  time s c a l e s .  

C ($1 Si ( % )  Mn ( $1  p ( % )  S ($1  

4.15 0.98 0.55 0.28 0.042 Average 

0.17 0.21 0.06 0.02 0.012 Standard Deviation 

Vessel Data 

Number of v e s s e l s  

S p e c i f i c  volume 

Nominal capac i ty  305 t 

Average charge weight,  hot  metal 260 t 

scrap  80 t (23%) 

Average t a p  weight 305 t 

Average s p e c i f i c  oxygen blowing r a t e  
3 

2.9 Mn /min.t 

S t e e l  Product Summary 

Steel Type Percentage of Product 

Rimming 25 

Balanced 45 

Ki l led  1 0  

Concast 20 

The Computer System 

G e n e r a l  

The p l a n t  i s  equ ipped  w i t h  a  F e r r a n t i  Argus 5 0 0  computer 
which p r o v i d e s  a n  e x t e n s i v e  d a t a  l o g g i n g  and i n f o r m a t i o n  s e r v i c e  
t o  key o p e r a t o r s .  The computer  f a c i l i t i e s  a v a i l a b l e  t o  them a r e  
g i v e n  i n  F i g u r e  3 .  The e s s e n t i a l  f e a t u r e  of t h e  p l a n t  o p e r a t i o n  
i s  t h e  p r e p a r a t i o n  o f  t h e  c h a r g e  based  on h e a t  and mass b a l a n c e  
c a l c u l a t i o n s  performed by t h e  computer .  The i n f o r m a t i o n  i s  
o u t p u t  t o  t h e  key o p e r a t o r s  b u t  a t  a l l  t i m e s  t h e  v a l u e s  p r e d i c t e d  
c a n  b e  o v e r r i d d e n  by t h e  v e s s e l  c o n t r o l l e r .  

D e s c r i p t i o n  o f  t h e  computer o p e r a t i o n  i s  i l l u s t r a t e d  b e s t  
by r e f e r e n c e  t o  t h e  p r o g r e s s  o f  a  t y p i c a l  h e a t  t h r o u g h  i t s  v a r -  
i o u s  s t a g e s .  These a r e  i n d i c a t e d  s c h e m a t i c a l l y  i n  F i g u r e  4 .  
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V e s s e l  S c h e d u l e  

As c o n c e i v e d ,  t h e  v e s s e l  s c h e d u l e  o f  s t e e l  s p e c i f i c a t i o n  
was t o  be  i n p u t  t o  t h e  computer  o n c e  p e r  s h i f t  and a s s e s s e d  from 
e i t h e r  o f  t h e  two v e s s e l  c o n t r o l  rooms. E x p e r i e n c e  h a s  shown, 
however, t h a t  g r e a t e r  f l e x i b i l i t y  was n e c e s s a r y  i n  t h e  s e l e c t i o n  
o f  h e a t s .  T h e r e f o r e ,  t h e  v e s s e l  c o n t r o l l e r s  i n p u t  t h e  h e a t  
q u a l i t y  t o  be  made o n l y  when a v a i l a b i l i t y  o f  t h e  c o n t i n u o u s  
c a s t i n g  p l a n t  and t h e  h o t  m e t a l  a n a l y s i s  i s  known. 

I n  permanent  computer s t o r e  i s  a  c e n t r a l  f i l e  r e l a t i n g  e a c h  
s p e c i f i c a t i o n  c o d e  t o  t h e  aimed v e s s e l  and l a d l e  t e m p e r a t u r e s  
and a n a l y s e s .  E n t r y  by t h e  c o n t r o l l e r  o f  a  s p e c i f i c a t i o n  c o d e  
a t  t h e  t i m e  o f  h e a t  s e l e c t i o n  w i l l  c a u s e  t h e  aimed v a l u e s  t o  
b e  d i s p l a y e d  on a  c a t h o d e  r a y  t u b e  (CRT) forming p a r t  o f  t h e  
manual i n p u t  p a n e l .  Once t h i s  h a s  been checked t h e  s p e c i f i c a t i o n  
c a n  b e  a t t a c h e d  t o  one  o f  t h e  v e s s e l  s c h e d u l e s .  As e a c h  s p e c i f i -  
c a t i o n  i s  a t t a c h e d  t o  a  s c h e d u l e  t h e  computer w i l l  g e n e r a t e  a  
u n i q u e  t h r e e  d i g i t  sequence  number f o r  r e f e r e n c e  p u r p o s e s .  

When t h e  c o n t r o l l e r  e n t e r s  a  s p e c i f i c a t i o n  c o d e  he may 
o p t i o n a l l y  e n t e r  a  c a s t i n g  code  a c c o r d i n g  t o  whe ther  t h e  i n g o t  
o r  c o n t i n u o u s  c a s t i n g  r o u t e  i s  t o  be used .  At  t h i s  s t a g e  t h e  
aimed t e m p e r a t u r e  can  be  o v e r r i d d e n  i f  n e c e s s a r y .  The a p p r o x i -  
mate  t a p p i n g  w e i g h t  de te rmined  f rom v e s s e l  l i n i n g  l i f e  and 
s p e c i f i c a t i o n  r e q u i r e m e n t  i s  d i s p l a y e d  on t h e  c o n t r o l l e r ' s  CRT. 

Having o b t a i n e d  a  t a p p i n g  w e i g h t ,  t h e  computer  w i l l  t h e n  
c a l c u l a t e  t h e  approx imate  w e i g h t s  o f  h o t  m e t a l  and s c r a p  neces -  
s a r y  t o  a c h i e v e  t h e  w e i g h t  based on a n  a v e r a g e  h o t  m e t a l  a n a l y s i s .  
I t  w i l l  check t h a t  t h e  a p p r o p r i a t e  h o t  m e t a l  s t a t i o n  i s  f r e e  and 
t h a t  t h e  h o t  m e t a l  s t a t i o n  o p e r a t o r  h a s  e n t e r e d  t h e  n e x t  t h r e e  
t o r p e d o  numbers i n  t h e  queue.  The a n a l y s e s  of t h e  t o r p e d o s  and 
w e i g h t  c o n t e n t s  a r e  r e a d  i f  a v a i l a b l e .  I f  t h e  a n a l y s e s  a r e  n o t  
a v a i l a b l e  a  s h i f t  a v e r a g e  w i l l  be  used  and a  n o t e  made. Using 
t h e  t a p p i n g  w e i g h t ,  t o r p e d o  a n a l y s e s ,  and w e i g h t s ,  t h e  computer  
w i l l  t h e n  c a l c u l a t e  t h e  l a t e s t  e s t i m a t e s  o f  h o t  m e t a l  and s c r a p  
w e i g h t s  r e q u i r e d .  

Hot Meta l  Pour ing  

The h o t  m e t a l  r e q u i r e m e n t  i n f o r m a t i o n  is  t r a n s f e r r e d  t o  t h e  
h o t  m e t a l  t r a n s f e r  c a r  weighing by manual e n t r y  a t  t h e  v e s s e l  
c o n t r o l  room. The h o t  m e t a l  s t a t i o n  c o n t r o l  o p e r a t o r  s i g n a l s  
h i s  a c c e p t a n c e  and t h e  demand w e i g h t  a p p e a r s  on t h e  l o c a l  d i s -  
p l a y  p a n e l .  Hot m e t a l  i s  poured f rom two o r  t h r e e  t o r p e d o  c a r s  
t o  t h e  empty and p r e v i o u s l y  t a r e d  l a d l e .  At  t h e  end of e a c h  
p o u r i n g  o p e r a t i o n  t h e  o p e r a t o r  a t  t h e  weighing s t a t i o n  a c t u a t e s  
t h e  computer t o  r e a d  w e i g h b r i d g e s .  A t  t h e  end o f  t h e  p o u r i n g  
sequence  t h e  computer c a l c u l a t e s  t h e  a v e r a g e  a n a l y s i s  and temper-  
a t u r e  and t o t a l s  t h e  w e i g h t  poured .  On t h i s  b a s i s ,  a  r e v i s e d  
s c r a p  w e i g h t  may be p r e d i c t e d ,  b u t  i n  any  e v e n t  t h e  f i r s t  e s t i -  
m a t i o n  o f  t h e  c o n v e r t e r  a d d i t i o n s  i s  made. 



Following t h e  end of pour ing  t h e  ho t  meta l  t r a n s f e r  l a d l e  
i s  moved t o  t h e  des lagging  machine where t h e  a c t u a l  tempera ture  
i s  measured and a sample taken  f o r  chemical a n a l y s i s .  Another 
d i p  tempera ture  may be taken  be fo re  t h e  me ta l  i s  charged t o  t h e  
c o n v e r t e r .  A t  each s t a g e  t h e  t empera tu re  va lue  i s  read  by t h e  
computer au toma t i ca l ly  and t h i s  c a u s e s  a  r e v i s i o n  of t h e  s c r a p  
and v e s s e l  a d d i t i o n s  requi rements .  

The charged weight o f  meta l  poured i n t o  t h e  conve r t e r  and 
t h e  spec t rog raph ic  a n a l y s i s  of t h e  t r a n s f e r  l a d l e  meta l  sample 
informat ion  p rov ides  f u r t h e r  oppor tun i ty  t o  r e v i s e  s c r a p  weight  
( u n l e s s  charged p rev ious ly )  and/or v e s s e l  a d d i t i o n s .  

Scrap  P repa ra t ion  

Th i s  i s  c a r r i e d  o u t  i n  two s t a g e s .  The o u t e r  s c r a p  bay 
produces preloaded s c r a p  pans perhaps  t o  one o r  two s t anda rd  
weights .  Trimming s c r a p  a d d i t i o n s  determined by updated informa- 
t i o n  from t h e  h o t  meta l  pour s t a t i o n  i s  conducted a t  t h e  i n n e r  
s c r a p  t r i m  bay. 

The computer l o g s  t h e  usage of t h e  v a r i o u s  t y p e s  of s c r a p  
loaded i n  t h e  o u t e r  yard and i d e n t i f i e s  t h e s e  weights  a g a i n s t  a  
s c r a p  pan number. V a r i a t i o n s  i n  t h e  trimming weights  a r e  en t e r ed  
by t h e  v e s s e l  c o n t r o l l e r .  

The o u t e r  s c r a p  bay c o n t r o l l e r  i s  provided w i t h  a  CRT d i s -  
p l a y  from which he can  monitor  p l a n t  o p e r a t i o n s  and de termine  
s c r a p  requi rements .  Scrap  weight  and s c r a p  t y p e s  a r e  t r a n s f e r r e d  
t o  a  d i s p l a y  f o r  t h e  magnet c r a n e  d r i v e r  who s i g n a l s  t h e  con- 
t r o l l e r  when each s t a g e  i s  complete .  The computer i s  then  made 
t o  r ead  t h e  weighbridge.  The s c r a p  c o n t r o l l e r  by obse rva t ion  
of t h e  CRT d i s p l a y  can de termine  whether updated s c r a p  r e q u i r e -  
ments may be met and g i v e s  a p p r o p r i a t e  i n s t r u c t i o n s  t o  t h e  c r a n e  
d r i v e r .  

Vesse l  Addi t ions  

The h igh  l e v e l  hoppers a r e  capab le  of  d i spens ing  remotely 
t h e  d e s i r e d  weight  of m a t e r i a l s  i n s t r u c t e d  by t h e  weighing equip-  
ment. Most of  t h e s e  hoppers  a r e  provided wi th  ba tch ing  f a c i l -  
i t i e s  whereby i n s t e a d  of d i spens ing  a  s i n g l e  ba t ch  of  t h e  d e s i r e d  
weight ,  a  number of ba t ches  can  be demanded a t  s e t  b u t  a d j u s t a b l e  
i n t e r v a l s .  

The v e s s e l  a d d i t i o n s  o p e r a t o r  i s  presented  w i t h  t h e  fol low- 
ing  i n £  ormat i on  : 

- Desired weight ,  

- Number of  ba t ches  r e q u i r e d ,  

- Number of ba t ches  d i spensed ,  and 

- Sto rage  hopper c o n t e n t s  i n d i c a t i o n .  



The m a t e r i a l s  a r e  fed  t o  a  charge holding bunker and when 
required t h e  opera tor  causes the  bunker-gates t o  open allowing 
discharge  t o  t h e  vesse l .  The computer reads  t h e  weight of t h e  
charge holding bunker a t  t h e  end of each s t age .  

In-Blow Operations 

The computer c a l c u l a t e s  the  oxygen flow r a t e  from t h e  tem- 
pe ra tu re  d i f f e r e n t i a l  and s t a t i c  p ressure  values  a t  t h e  o r i f i c e  
p l a t e .  Comparison between t h e  in tegra ted  value  of oxygen and 
t h e  l a t e s t  e s t ima te  of oxygen requirement based on t h e  hea t  and 
mass process model allows t h e  opera tor  t o  determine t h e  end of 
t h e  blowing per iod.  

From l i n i n g  l i f e ,  hot  metal ,  and scrap charge weights, t h e  
computer c a l c u l a t e s  t h e  bath height  of the  charge contents .  
Manual en t ry  by t h e  blowing opera tor  of t h i s  value  causes t h e  
lance  height  above bath height  value  t o  be displayed.  

Every minute during t h e  blow t h e  process oxygen consumption 
and lance  height  pos i t ion  a r e  logged and presented on a  t e l e t y p e  
together  with t h e  decarbur iza t ion r a t e  and t o t a l  weight add i t ions .  
The decarbur iza t ion r a t e  i s  ca lcu la ted  from t h e  waste gas flow 
and ana lys i s .  The values computed a r e  recorded by t h e  computer 
a t  1 min i n t e r v a l s  but  i n  add i t ion  a r e  fed  t o  t h e  g raph ica l  
d i sp lay  u n i t  a t  1 5  s i n t e r v a l s  and a  c h a r t  record i s  obtained 
v i a  t h e  analog output system. 

A t  t h e  end of t h e  blow, a  sample i s  taken and t h e  temperature 
measured. Automatic determination of t h e  recorded temperature 
p la teau  causes t h e  r e s u l t  t o  be displayed t o  t h e  opera tor  on a  
l a r g e  wall-mounted d i sp lay .  I f  it i s  considered t o  be a  v a l i d  
determination t h e  opera tor  presses  an "accept" button and t h e  
computer records  t h e  information.  The r e s u l t s  of t h e  rapid  car-  
bon a n a l y s i s  a r e  inpu t  t o  t h e  computer v ia  t h e  laboratory  manual 
inpu t  panel and a l s o  displayed t o  t h e  opera tor  on t h e  o the r  l a r g e  
wall-mounted d i sp lay .  A s  a  r e s u l t  of t h e  information on carbon 
and temperature, a  dec i s ion  i s  taken on whether t o  reblow o r  
wait  f o r  a  f u l l  spectrographic ana lys i s .  

When acceptable  analyses and temperatures a r e  achieved t h e  
computer c a l c u l a t e s  t h e  l a d l e  add i t ions  based on t h e  requirements 
f o r  t h e  f i n a l  s t e e l  ana lys i s .  

Ladle add i t ions  a r e  obtained manually from s i x  s to rage  hop- 
pe r s  shar ing t h r e e  weigh hoppers. The mate r i a l s  a r e  dispensed 
t o  t h e  feed hopper one a t  a  time and a r e  recorded by t h e  computer. 

Casting Data 

Data from t h e  teeming bay ind ica t ing  

- teeming bay platform number, 



- t y p e s  of i n g o t s  used ,  

- number of i n g o t s  teemed, 

- i n g o t  s i z e ,  

- mold a d d i t i o n s ,  

- teeming t imes ,  and 

- teeming weigh ts  

a r e  a l l  e n t e r e d  manual ly .  The computer subsequen t l y  c a l c u l a t e s  
t h e  y i e l d  d a t a  and o t h e r  management i n fo rma t ion .  

The o n l y  d a t a  recorded  by t h e  computer of t h e  s t e e l  c o n t i n -  
uous ly  c a s t  i s  t h e  s t e e l  t empera ture  i n  t h e  teeming l a d l e .  

Development of P roce s s  Con t ro l  F a c i l i t i e s  

Genera l  -- 
The c o n t r o l  performance ach ieved  a t  Scunthorpe,  a s s e s s e d  

i n  terms of  t h e  p r o p o r t i o n  of blows t h a t  a r e  c o r r e c t  a t  f i r s t  
t u r n  down, i s  between 4 0  and 60  p e r c e n t .  The l e v e l  of s u c c e s s  
ach ieved  i s  u s u a l l y  de te rmined  by a  combina t ion  of t h e  q u a l i t y  
of t h e  i n fo rma t ion  r e l a y e d  t o  t h e  o p e r a t o r ,  and t h e  c o n t r o l  
a c t i o n  t aken  by t h e  o p e r a t o r  i n  r e sponse  t o  t h e  i n fo rma t ion  pro- 
v ided .  Too o f t e n ,  u n f o r t u n a t e l y ,  t h e  o p e r a t o r  i s  asked  t o  com- 
p e n s a t e  f o r  unde tec ted  v a r i a b i l i t y  i n  t h e  raw m a t e r i a l s  w i t h  
r e l a t i v e l y  l i t t l e  gu idance .  Attempts  have been made t h e r e f o r e  
a t  t h e  nearby Normanby Park  BOS P l a n t ,  which r e c e n t l y  has  a l s o  
been f i t t e d  w i th  a  F e r r a n t i  Argus 500  computer t o  e v a l u a t e  t h e  
b e n e f i t s  t o  be ga ined  from a  d e c a r b u r i z a t i o n  r a t e  d i s p l a y ,  w i t h  
a  sugges ted  g u i d e  p a t h ,  and a n  aud iome t r i c  moni tor  o f  t h e  s l a g  
development p a t t e r n ,  wh i l e  conforming s t r i c t l y  t o  t h e  s t a t i c  
cha rge  c a l c u l a t i o n  requi rements .  

Concur ren t  development a t  t h e  Appleby Frodingham p l a n t  o f  
t h e  Bethlehem secondary i a n c e  system should  a l l ow  t h e  e v e n t u a l  
merging a t  t h i s  p l a n t  of a  p r o c e s s  c o n t r o l  system compr is ing  

- a  computer based h e a t  and mass ba l ance  ( " s t a t i c " )  model,  

- a n  op t imized  blowing t e chn ique  de te rmined  from deca rbu r -  
i z a t i o n  and s l a g  development g u i d e l i n e s  and mon i to r s ,  and 

- an  in-blow ca rbon  and t empe ra tu r e  check.  



Equipment 

Waste  Gas A n a l y s i s :  A fast responding but reliable waste 
gas sampling and analysis system requiring minimum maintenance 
was set as a first priority in the development of in-process 
control. The general arrangement and critical transit times 
at Normanby Park are shown in Figure 5. 

Figure 5. Waste gas analysis measurements and transit times at Normarlby Park. 

The water-cooled gas sampling probe is set into the upper 
hood and is designed to withstand temperatures up to 1500 OC. 
Subsequently the hot gases are filtered in four stages before 
infrared analysis for CO and C02 and a paramagnetic analysis for 
02. In the current trials program, a mass spectrometer operates 
in parallel with these analyzers for comparative evaluation. 

After a period of training for the instrument maintenance 
personnel, the availability of data from the equipment rapidly 
climbed to greater than 90 percent, and as experience is gained 
it is confidently expected that reliable data will be available 
to the vessel operator at all times. 



A u d i o m e t e r :  The optimum s i t i n g  o f  t h e  aud iomete r  f o r  s l a g  
volume m o n i t o r i n g  and t h e  s e l e c t i o n  of t h e  a u d i o  f r e q u e n c y  most 
s e n s i t i v e  t o  changes  i n  t h e  s l a g  volume h a s  been t h e  s u b j e c t  o f  
e x t e n s i v e  r e s e a r c h  a t  Normanby Park .  Although t h e  work i s  n o t  
e n t i r e l y  comple te  t h e  b e s t  r e s u l t s  t o  d a t e  have been o b t a i n e d  
w i t h  t h e  microphone s i t e d  c l o s e  t o  t h e  g a s  sampling p r o b e  and 
f i l t e r e d  t o  t h e  f requency  band 400 5 50 Hz. 

Data D i s p l a y :  The d e c a r b u r i z a t i o n  r a t e  c a l c u l a t e d  by a  
PDP 11/10 computer  i s  o u t p u t  t o  a  CRT i n  t h e  v e s s e l  c o n t r o l  
room s i m u l t a n e o u s l y  w i t h  t h e  f i l t e r e d  aud iomete r  s i g n a l .  To 
p r o v i d e  some g u i d a n c e  t o  t h e  o p e r a t o r s ,  c o n t r o l  l i m i t s  have been 
se t  f o r  t h e  d e c a r b u r i z a t i o n  r a t e  and u l t i m a t e l y  a  t a r g e t  l e v e l  
f o r  t h e  aud iomete r  v a l u e s .  P l a n t  o p e r a t i o n  u s i n g  such  a  d i s p l a y  
h a s  o n l y  r e c e n t l y  begun, b u t  o p e r a t o r  a c c e p t a n c e  h a s  been h i g h  
and no d i f f i c u l t i e s  have been e x p e r i e n c e d  i n  o p e r a t i n g  w i t h i n  
t h e  r e q u i r e d  l i m i t s .  An i n d i c a t i o n  of  t h e  s teel  c a r b o n  c o n t e n t  
c a l c u l a t e d  f rom t h e  d e c a r b u r i z a t i o n  r a t e  towards  t h e  end o f  t h e  
blow w i l l  a l s o  b e  d i s p l a y e d  a s  o p e r a t o r  f a m i l i a r i t y  w i t h  t h e  
sys tem i n c r e a s e s .  

Al though it i s  t o o  e a r l y  t o  r e p o r t  d e t a i l e d  r e s u l t s  f rom 
t h i s  work, p r o g r e s s  h a s  been s u f f i c i e n t l y  encourag ing  f o r  p ro-  
v i s i o n  t o  b e  made i n  t h e  enhancement scheme a t  Lackenby o f  
s i m i l a r  d i s p l a y s .  

B e t h l e h e m  Lance:  A secondary  l ance-probe  sys tem h a s  been 
b u i l t  under  l i c e n s e  from t h e  Bethlehem S t e e l  C o r p o r a t i o n  and 
i n s t a l l e d  i n i t i a l l y  on  one  v e s s e l  a t  Appleby Frodingham. 

Fo l lowing  e x t e n s i v e  c o l d  e n g i n e e r i n g  and e l e c t r i c a l  c h e c k s ,  
t h e  l ance-probe  system h a s  been used  r e g u l a r l y  d u r i n g  r e c e n t  
p r o d u c t i o n  campaigns c o n c e n t r a t i n g  on end-blow measurements .  
During s u b s e q u e n t  campaigns it is  i n t e n d e d  t o  b r i n g  t h i s  equ ip-  
ment t o  i t s  f u l l  o p e r a t i n g  p o t e n t i a l .  

LACKENBY 

P l a n t  C h a r a c t e r i s t i c s  

A s  c u r r e n t l y  o p e r a t e d ,  i r o n  i s  s u p p l i e d  by t h e  Cleve land  
Works b l a s t  f u r n a c e s  a t  a  r a t e  o f  a b o u t  30,000 t p e r  week i n  
250 t c a p a c i t y  t o r p e d o s .  S e l e c t e d  i r o n  can  b e  d i r e c t e d  t o  a  
P o l y s i u s  d e s u l f u r i z a t i o n  s t a t i o n  l o c a t e d  a d j a c e n t  t o  t h e  BOS 
p l a n t s .  A f t e r  d e s u l f u r i z a t i o n ,  i r o n  f o r  e a c h  BOS v e s s e l  c h a r g e  
i s  weighed on a  r a i l  we ighbr idge  w i t h  a  l o c a l  o p e r a t o r  s t a t i o n  
a s  it i s  d i s p e n s e d  i n t o  t h e  t r a n s f e r  l a d l e  a t  one  o f  t h e  two 
pour ing  s t a t i o n s .  

S c r a p  i s  p r e p a r e d  i n  a  bay a d j a c e n t  t o  t h e  BOS shop.  Four  
t r a n s f e r  c a r s ,  w i t h  two s c r a p  p a n s  p e r  c a r ,  e a c h  s t a n d  on 



individual rail weighbridges during loading so that the crane 
driver can load the required weight as indicated by large matrix 
displays. Unlike the Appleby Frodingham shop, no provision is 
made for the adjustment in scrap weight once the scrap pan has 
left the preparation bay. 

Converter additions are made from a total of 18 weigh 
hoppers. Two hoppers are dedicated to each of the three ves- 
sels but the remainder are capable of feeding two vessels by 
a reversible conveyor. The weighing and discharge of converter 
additions are controlled from the two vessel control pulpits. 

Key vessel and product mix data are given in Table 2. 

Table 2. Key operating data for Lackenby. 

Hot Metal Analysis  

The average a n a l y s i s  of h o t  metal de l ivered  t o  t h e  Lackenby s t e e l  p l a n t  
from Cleveland and Redcar b l a s t  furnaces w i l l  be: 

c ( % )  s i (%)  k i n ( % )  p ( % )  s ($1 Temp. (OC) 

Redcar 4.5 0.6 0.6 0.12 0.045 1350 

Cleveland 4.5 1.0 0.8 0.08 0.030 1310 

Vessel Data 

Number of v e s s e l s  

S p e c i f i c  volume (newly bricked)  187 m3 

Nominal capac i ty  260 t 

Average charge weight,  hot  metal 219 t (76%) 

p i g  i ron  6 t (2%) 

sc rap  63 t (22%) 

Average t a p  weight 261 t 

Average s p e c i f i c  oxygen blowing 
r a t e  2.8 ~ m ~ / m i n .  t 

S t e e l  Product Summary 

Steel Type 

Rimming 
0.08/0.15C 
0.16/0.25C 
+ 1.00 Mn 
High y i e l d  
Ki l led  C/Mn 
Ki l led  high y i e l d  
Pipe s t e e l  k i l l e d  
R a i l  s t e e l  
Medium carbon 
Continuously c a s t  

Percentage of Product 

7.6 
15.4 
48.7 
0 . 8  
8.6 
5.4 
1 . 5  
1 . 8  
9.2 
1 .0  

50 (approx) 



Proposed P r o d u c t i o n  F a c i l i t y  Changes 

I n  a d d i t i o n  t o  t h e  c o n t i n u i n g  s u p p l y  of  i r o n  from t h e  
Cleve land  b l a s t  f u r n a c e s ,  i r o n  w i l l  a l s o  be d e l i v e r e d  from t h e  
new 10,000 t p e r  day b l a s t  f u r n a c e  i n  320 t c a p a c i t y  t o r p e d o s .  
The d e l i v e r y  w e i g h t s  w i l l  b e  de te rmined  on t h r e e  new weigh- 
b r i d g e s .  Waste g a s  c o o l i n g  and c l e a n i n g  w i l l  be  changed from 
t h e  I n s t i t u t  d e  Recherches  d e  l a  ~ i d g r u r g i e - ~ r a n q a i s e  (IRSID) 
CAFL sys tem t o  t h e  oxygen g a s  (OG)  system and a t  t h e  same t i m e  
secondary  v e n t i l a t i o n  c l e a n i n g  equipment  w i l l  b e  a t t a c h e d .  

E x t r a  s c r a p  h a n d l i n g ,  v e s s e l  and l a d l e  a d d i t i o n s ,  h a n d l i n g ,  
and weighing equipment a r e  t o  b e  b u i l t  t o g e t h e r  w i t h  a  new 
s l u r r y  h a n d l i n g  system.  Changes t o  t h e  l a d l e  p r e p a r a t i o n  bay 
and a n  e x t r a  t w i n - s t r a n d  s l a b  c a s t i n g  machine a r e  among t h e  
more i m p o r t a n t  improvements.  

The Case f o r  Improved P r o c e s s  C o n t r o l  F a c i l i t i e s  

The f a c t o r s  d e c i d i n g  t h e  need f o r  improved p r o c e s s  c o n t r o l  
f a c i l i t i e s  t h r o u g h o u t  t h e  s t e e l m a k i n g  p l a n t  w e r e  p r i m a r i l y  con- 
c e r n e d  w i t h  t h e  changed w a s t e  g a s  h a n d l i n g  system and t h e  i n -  
c r e a s e  i n  s t e e l  p r o d u c t i o n  r a t e s .  They were: 

- The need t o  h a n d l e  more i r o n ,  s c r a p ,  v e s s e l  a d d i t i o n s ,  
l a d l e  a d d i t i o n s ,  f i n i s h e d  s t e e l ,  and a l l  a s s o c i a t e d  raw 
m a t e r i a l s .  

- I n c r e a s e  i n  t o r p e d o  i r o n  c a p a c i t y  from 250 t o  320 t t o  
s e r v e  t h e  new 10,000 t p e r  day  b l a s t  f u r n a c e .  

- I n c r e a s e d  workload on t h e  o p e r a t o r s  caused  by t h e  h i g h e r  
r a t e s  o f  working which r e q u i r e d  a  change i n  t h e  job con- 
t e n t  of  t h e  o p e r a t o r s  and t h e  c o n t r o l  o f  s t e e l m a k i n g  
o p e r a t i o n s .  

- A need f o r  f a s t e r ,  more e f f i c i e n t  communication between 
key o p e r a t o r s .  

- An i n c r e a s e d  workload i n  t h e  s t e e l p l a n t  a n a l y s i s  l a b o r -  
a t o r y .  

- A need t o  e n s u r e  s a f e  o p e r a t i o n  o f  t h e  OG sys tem,  
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  was te  g a s  compos i t ion  i n  
t h e  s t a c k s .  

- A need t o  improve t h e  sampling system o f  t h e  was te  g a s  
a n a l y z e r s  used t o  a s s i s t  s t e e l m a k i n g  c o n t r o l .  

- A need t o  improve some a s p e c t s  o f  t h e  s t a t i c  c h a r g e  
c a l c u l a t i o n s .  

- A r e q u i r e m e n t  f o r  improved oxygen l a n c e  h e i g h t  c o n t r o l .  



With account being taken of the above, an examination of 
the existing, and obsolete, computer facilities confirmed the 
need for a new computer system. 

The New Process Control System 

General Philosophy 

The new plant process control system is a complex package 
including new instrumentation, plant control equipment, new 
operator practices, and new computer systems in the BOS Plant 
and laboratory. The main objectives are to meet the require- 
ments outlined above, in particular: 

- Improved steelmaking control, 

- Improved information presentation and flow to key 
operators, 

- Management information reporting at plans level, and 

- Automatic data input to computers wherever possible. 

Hot M e t a l :  The three new weighbridges will each be 
equipped with a PDP 11/03 microcomputer mounted locally in the 
pouring station control pulpit to perform poured weight calcu- 
lations, display demanded weight and poured weight in analog 
and digital form to the pouring station operator on a visual 
display unit (VDU) and provide a serial interface with the new 
process control computer. 

Temperature measurement of both the hot metal and steel 
will be by conventional disposable dip thermocouples. However, 
the plateau detection and display of metal temperature will be 
performed by self-contained hardware units. These will be 
mounted in the steelmaking controller's desk with a display of 
the temperature at the dip station and will be linked with the 
process control computer. 

The existing weighing equipment on the charging and casting 
bay cranes will be linked by radio and a serializer to the process 
control computer to allow automatic input of charged and teemed 
weight. 

A d d i t i o n s :  The vessel additions system will largely remain 
unaltered, but additional bunkers will allow the trickle feeding 
of trimming coolant throughout the blow to each vessel. The 
provision of the sophisticated batching and charging of additions 
such as that available at Appleby Frodingham was considered not 
to be necessary at Lackenby. 



The new f e r r o - a l l o y s  l a d l e  a d d i t i o n s  weighing system, con- 
s i s t i n g  of two groups of s i x  bunkers  f eed ing  t h r e e  weigh hoppers ,  
w i l l  be  i n s t a l l e d .  Each group of weigh hoppers  w i l l  be  capable  
of f eed ing  two v e s s e l  l a d l e  s t a t i o n s  and each weigh hopper w i l l  
be  a  p a r a l l e l  f ou r  d i g i t  BCD v o l t a g e - f r e e  c o n t a c t  c l o s u r e  l i n k  
t o  t h e  computer.  Required a l l o y  weights  w i l l  be t r a n s m i t t e d  t o  
t h e  l o c a l  o p e r a t o r s  desk by t h e  computer. 

In-Blow Measurements:  Oxygen measurements a r e  t o  be made 
i n  t h e  waste g a s  s t a c k  and exces s ive  l e v e l s  w i l l  a c t i v a t e  an 
a la rm d i s p l a y  i n  t h e  v e s s e l  c o n t r o l  p u l p i t s .  

Carbon monoxide and carbon d i o x i d e  measurements w i l l  a l s o  
be  measured i n  t h e  OG system by i n f r a r e d  a n a l y z e r s .  The a n a l y s i s  
and sampling u n i t s  w i l l  be  of t h e  t ype  developed by BSC Research 
and proven over  a  long pe r iod  a t  Scunthorpe,  b u t  now marketed 
commercially by Grubb-Parsons. 

Audiometers w i l l  a l s o  be provided,  aga in  of t h e  d e s i g n  de- 
veloped a t  Scunthorpe,  t h a t  w i l l  g i v e  a  d i r e c t  ana log  i n p u t  t o  
t h e  p roces s  c o n t r o l  computer. 

New d i g i t a l  l ance  h e i g h t  c o n t r o l  systems w i l l  r e p l a c e  
e x i s t i n g  ana log  systems. A s  wi th  t h e  Appleby Frodingham d i s -  
p l a y s  t h e  l a n c e  h e i g h t  w i l l  be  s e t  by t h e  o p e r a t o r  wi th  r e s p e c t  
t o  t h e  c a l c u l a t e d  b a t h  h e i g h t .  Although nominal ly a c c u r a t e  t o  
+ 30 mm expe r i ence  i n  use  wi th  t h e  equipment s u g g e s t s  t h a t  + 5 mm 
may be ob ta ined .  I n t e r l o c k s  t o  t h e  OG c o n t r o l  system a r e  provided.  

L a b o r a t o r y :  The d e t a i l e d  eng inee r ing  of t h e  improvements 
t o  t h e  spec t rog raph ic  l a b o r a t o r y  i s  c u r r e n t l y  be ing  completed. 
The f u n c t i o n a l  requi rements  have been s p e c i f i e d  i n  d e t a i l .  I t  
i s  expected t h a t  new o p t i c a l  spec t rog raph ic  a n a l y s i s  i n s t rumen t s  
w i l l  be  i n s t a l l e d ,  each wi th  i t s  own ded ica t ed  c o n t r o l  computer,  
t o  a l l ow  a l l  a n a l y s i s  f u n c t i o n s  t o  be c a r r i e d  o u t .  The r e s u l t s  
from t h e  o p t i c a l  spec t rog raph ic  a n a l y z e r s ,  t h e  x-ray ana lyze r  
and new Leco a n a l y z e r s  w i l l  be  t r a n s m i t t e d  d i r e c t l y  t o  a  l abo r -  
a t o r y  c o o r d i n a t i o n  computer, which w i l l  c o l l a t e  r e s u l t s  and 
t r a n s m i t  them a f t e r  checking t o  t h e  BOS P l a n t  computer.  The 
c o o r d i n a t i o n  computer w i l l  a l s o  provide  f a c i l i t i e s  f o r  producing 
c a s t  h i s t o r y  r e p o r t s ,  c a s t  summary r e p o r t s ,  s h i f t  summary r e p o r t s  
and informat ion  s t o r a g e  and p roces s ing  f o r  s p e c i a l  p r o j e c t  a n a l y t -  
i c a l  work. 

The a n a l y s e s  produced i n  each s t e e l  c a s t  i nc lude :  

- Hot meta l  ana lyses :  a f t e r  d e s u l f u r i z a t i o n ,  

- Hot meta l  ana lyses :  a f t e r  pouring i n t o  t r a n s f e r  l a d l e ,  

- Vesse l  ana lyses :  a t  v e s s e l  t u r n  down, 

- Ladle ana lyses :  b e f o r e  and a f t e r  s t i r r i n g ,  and 

- Teeming a n a l y s e s :  up t o  6 .  



Plant  Mannina 

Key p l a n t  opera tors  have been i d e n t i f i e d  a s  an i n t e g r a l  
p a r t  of the  process con t ro l  scheme and a t t e n t i o n  has been given 
t o  t h e i r  job desc r ip t ions .  A br ie f  desc r ip t ion  of each of these  
key jobs i s  given below. 

Hot Metal Controller: Located a t  t h e  Polysius desu l fu r i za -  
t i o n  p l a n t ,  h i s  job i s  t o  con t ro l  the movement of torpedo c a r s  
between r a i l  exchange s id ings  and hot metal pouring s t a t i o n s  t o  
ensure t h a t  hot metal of the  required s p e c i f i c a t i o n  i s  a v a i l a b l e  
t o  the  s t e e l  p l a n t .  

Scrap Controller: Located i n  the scrap bay, h i s  job i s  t o  
plan and supervise scrap loading i n t o  scrap pans by displaying 
scrap requirements t o  crane opera tors  so t h a t  the  s t e e l  p lan t  
scrap requirements a r e  met. 

Plant Controller: Located i n  the  c e n t r a l  con t ro l  p u l p i t ,  
h i s  job i s  t o  monitor and con t ro l  the  p lan t  l o g i s t i c s  t o  ensure 
t h a t  a l l  the  raw mate r i a l s ,  p lan t  and se rv ices  a r e  ava i l ab le  a t  
a l l  t imes t o  keep the  s t e e l  p lan t  operating a t  r a t e d  outputs  and 
t o  a c t  a s  a  communications "center" .  

Steelmaking Contro l ler: Located i n  the  c e n t r a l  con t ro l  
p u l p i t ,  h i s  job i s  t o  monitor and con t ro l  the  s t e e l  production 
t o  ensure the  cor rec t  s p e c i f i c a t i o n  i s  made t o  schedules required 
f o r  cas t ing .  He has t o  speci fy  requirements t o  hot  metal ,  scrap,  
and p lan t  c o n t r o l l e r s  and coordinate production with the  cas t ing  
c o n t r o l l e r .  

First Vesselman: Located i n  the  vesse l  con t ro l  p u l p i t s ,  
t h e  jobs of the  f i r s t  vesselman a r e  t o  con t ro l  the  making of 
each heat of s t e e l  t o  produce the  required s t e e l  s p e c i f i c a t i o n  
and t o  supervise vessel  "housekeeping". 

Spectrographic Laboratory Supervisor: Located i n  the  s t e e l  
p lan t  laboratory ,  h i s  job i s  t o  ensure the  s t e e l  p lan t  g e t s  the  
a n a l y t i c a l  se rv ice  necessary t o  produce s t e e l  of a  spec i f i ed  
composition and output.  

Casting Controller: The cas t ing  c o n t r o l l e r  w i l l  be located 
i n  a  p u l p i t  i n  the cas t ing  bay. He w i l l  coordinate  with the  
steelmaking c o n t r o l l e r  and w i l l  con t ro l  the l o g i s t i c s  of continu- 
ous and conventional cas t ing  opera t ions .  



BOS P l a n t  P r o c e s s  C o n t r o l  Computer System 

A d e t a i l e d  f u n c t i o n a l  s p e c i f i c a t i o n  has  been prepared  f o r  
t h e  new sys tem,  t h e  more i m p o r t a n t  a s p e c t s  of which a r e  i n d i c a t e d  
i n  t h e  f o l l o w i n g :  

S t e e l m a k i n g  Con t ro  2 C a l c u l a t i o n s :  The h e a t  and mass b a l a n c e  
( " s t a t i c " )  model w i l l  be  of t h e  same s t y l e  a s  t h a t  used a t  Appleby 
Frodingham f o r  which a  d e t a i l e d  d e s c r i p t i o n  has  been g i v e n  
e a r l i e r .  F i g u r e s  6 t o  1 0  i n d i c a t e  s c h e m a t i c a l l y  t h e  c a l c u l a -  
t i o n  s t r u c t u r e  t o  be employed. 

O p e r a t o r  I n f o r m a t i o n  D i s p l a y :  Each of t h e  key o p e r a t o r s  
w i l l  have a  v i s u a l  d i s p l a y  u n i t  w i t h  a  f u n c t i o n  keyboard f o r  
d a t a  i n p u t  and d i s p l a y  s e l e c t i o n .  He w i l l  be  a b l e  t o  s e l e c t  
d i s p l a y s  e s s e n t i a l  t o  h i s  j o b  o r  d i s p l a y s  g i v i n g  a n  o v e r a l l  
v iew of t h e  p l a n t  s t a t u s  and s h i f t  performance t o  d a t e .  

The f i r s t  vesselman w i l l  have i n  a d d i t i o n  a  s e m i g r a p h i c s  
v i s u a l  d i s p l a y  u n i t  showing d e c a r b u r i z a t i o n  r a t e  and a c o u s t i c  
i n t e n s i t y  c u r v e s  w i t h  recommended t r a j e c t o r i e s  and recommended 
l a n c e  and oxygen p r a c t i c e s .  
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Management I n f o r m a t  i o n  R e p o r t s :  The sys tem w i l l  p r o v i d e  
p r i n t o u t s  o f  " h e a t  e v e n t "  and " a l a r m  l o g s " ,  a  " h e a t  summary", 
and a  "weekly performance summary". I n  a d d i t i o n ,  it w i l l  pro-  
v i d e  f a c i l i t i e s  f o r  t h e  s t o r a g e  o f  s e l e c t e d  d a t a  on t h e  l a s t  
1000  h e a t s  w i t h  t h e  a b i l i t y  t o  per form s t a t i s t i c a l  a n a l y s i s  
o f  t h i s  d a t a .  

SUMMARY 

A b r i e f  d e s c r i p t i o n  o f  t h e  BSC Scunthorpe  and Lackenby 
s t e e l m a k i n g  and p r o c e s s  c o n t r o l  f a c i l i t i e s  and planned improve- 
ments  h a s  been g i v e n .  The developments  a t  Lackenby have been 
i n f l u e n c e d  by e x p e r i e n c e  and r e s e a r c h  work done b o t h  a t  Scun- 
t h o r p e  and Lackenby BOS P l a n t s .  The major  o b j e c t i v e s  o f  t h e  new 
p r o c e s s  c o n t r o l  system a t  Lackenby a r e  improved c o n t r o l  of t h e  
s t e e l m a k i n g  p r o c e s s  w h i l e  p roduc ing  s teel  a t  i n c r e a s e d  r a t e s  
w i t h  t h e  u s e  o f  improved o p e r a t o r  i n f o r m a t i o n  and in-blow 
g u i d a n c e  sys tems .  



Discuss ion  

A number of ques t ions  were r a i s e d  concerning t h e  p o l i c y  of 
employing b a s i c  oxygen fu rnaces  (BOFs) wi th in  t h e  B r i t i s h  S t e e l  
Corpora t ion  (BSC) . It was r epor t ed  t h a t  BSC has  made good 
p rogres s  wi th  waste gas  a n a l y s i s  e s p e c i a l l y  i n  eva lua t ing  i t s  
b e n e f i t  and has  v a r i o u s  process  monitoring dev ices  i n  a d d i t i o n  
t o  t hose  mentioned. I d e a l l y  BSC would l i k e  t o  have them a l l  i n  
one p a r t i c u l a r  v e s s e l  s o  a s  t o  make a  proper comparison. This  
i s  n o t  a  s imple t a s k  s i n c e  d i f f e r e n t  p l a n t s  a r e  concerned wi th  
d i f f e r e n t  f a c i l i t i e s ;  some have progressed and a r e  success fu l ,  
o t h e r s  l e s s  so .  BSC has been concen t r a t ing  on waste gas  a n a l y s i s  
because it i s  p o s s i b l e  t o  main ta in  it r e l i a b l y  and t o  g i v e  a  
cont inuous  ou tpu t  t o  t h e  o p e r a t o r .  

Research has been done a t  Llanwern Works (Wales) w i th  a  
weighing f a c i l i t y ,  and papers  have been publ i shed  i n d i c a t i n g  some 
of t h e  advantages of t h a t  system. There was a  p o s s i b i l i t y  t h a t  
it could p r e d i c t  o r  improve tempera ture  c o n t r o l .  S ince  then ,  
s i m i l a r  equipment has been i n s t a l l e d  a t  t h e  Ravenscray Works, 
bu t  it i s  no t  c e r t a i n  whether t h e  same informat ion  a s  i s  rece ived  
from Llanwern can be app l i ed  elsewhere.  I t  has t o  be e s t a b l i s h e d  
whether t h e  equipment w i l l  g i v e  t h e  same informat ion  f o r  each 
p l a n t :  it could be t h a t  it i s  s p e c i f i c  t o  t h e  one p l a n t ,  i . e . ,  
t o  Llanwern. Never the less  BSC t h i n k s  t h a t  it has  some p o t e n t i a l .  

The weight of t h e  h o t  metal  i s  only one f e a t u r e  of t h i s  
measurement. Another i s  t h a t  t h e  informat ion  corresponding t o  
t h e  d e c a r b u r i z a t i o n  r a t e  i s  dynamic. I t  appears  p o s s i b l e  t o  u s e  
t h e  informat ion  f o r  t h e s e  purposes,  and BSC w i l l  check d i f f e r e n t  
measurement systems wi th  a  view t o  i n s t a l l i n g  r e l a t i v e l y  cheap 
and easy  ones.  

An i n q u i r y  was made about  dephosphorizat ion;  i n  r e p l y  t h e  
a u t h o r s  s a i d  t h a t ,  i n  g e n e r a l ,  t h e r e  have been no problems wi th  
phosphorus because middle- and low-carbon s t e e l s  a r e  produced. 
BSC implemented audiometr ic  c o n t r o l  so  t h a t  s l a g  volume can be 
monitored: c l e a r l y  a  g r e a t  amount of y i e l d  would be l o s t  by 
s lopping .  S p e c i f i c  volume i s  a l s o  very important .  BSC has 
t y p i c a l l y  0.7 m3/t, and c o n t r o l  of s l a g  volume i s  e s s e n t i a l .  
Equally impor tant  a r e  t h e  measurement of s l a g  volume, and t h e  
d e c a r b u r i z a t i o n  r a t e ,  s i n c e  any i n d i c a t i o n s  t h a t  t h e r e  i s  a  
change i n  t h e  d e c a r b u r i z a t i o n  r a t e  coupled wi th  a  l a r g e  s l a g  
volume g e n e r a l l y  g i v e s  r i s e  t o  s lopping .  A t  h igher  c y l i n d e r  
l e v e l s  t h e  problem i s  accentua ted .  

A l l  agreed t h a t  t h e  performance l e v e l  of t h e  o p e r a t o r s  and 
management i s  very important .  The Japanese r e p r e s e n t a t i v e s  
s t r e s s e d  t h a t  be fo re  t h e  i n s t a l l a t i o n  of t h e  sublance t h e  d i f -  
f e r e n c e  between t h e  va r ious  s h i f t s  and t h e  o p e r a t o r s  va r i ed  
enormously. S ince  t h e  use  of t h e  sublance ,  t h e  d i f f e r e n c e  has 
decreased  cont inuous ly .  S ince  t h e  morals  of t h e  o p e r a t o r s  has 
t o  be  cons idered ,  d i f f e r e n t  programs have been implemented f o r  
them. 



The A p p l i c a t i o n  of Computer Technique t o  P r o c e s s  C o n t r o l  of 

Bottom Blown Oxygen C o n v e r t e r s  i n  t h e  German Democratic Republ ic  

H.  Burghard t  and C. Bol lwien 

I n  t h e  German Democratic R e p u b l i c ,  72.6 p e r c e n t  o f  steel 
is  produced i n  open h e a r t h  f u r n a c e s  by t h e  p ig -and-sc rap  pro-  
cess, 17.9 p e r c e n t  i n  t h e  electr ic a r c  f u r n a c e  and plasma a r c  
f u r n a c e ,  t o g e t h e r ,  and 9 . 5  p e r c e n t  i n  t h e  bot tom blown oxygen 
c o n v e r t e r .  These p o r t i o n s  o f  t h e  i n d i v i d u a l  p r o c e s s e s  w i l l  
change i n  t h e  n e x t  few y e a r s  because  new e l e c t r i c a l  steel 
c a p a c i t i e s  a r e  be ing  p u t  i n t o  o p e r a t i o n .  

Up t o  now, t h e  a p p l i c a t i o n  of computer t e c h n i q u e s  h a s  
been j u s t  t o  p r o c e s s  s t e e r i n g  and c o n t r o l  o f  open h e a r t h  and 
e lect r ic  s t e e l w o r k s ,  and t h e  s t e e r i n g  and c o n t r o l  o f  bottom- 
blown oxygen c o n v e r t e r  s t e e l w o r k s .  The e x t e n s i o n  of t h e  a p p l i -  
c a t i o n  of computer t e c h n i q u e s  t o  e l e c t r i c a l  s teel  p r o d u c t i o n  
seems t o  b e  p r a c t i c a b l e .  The t r e a t m e n t  of t h e s e  problems by 
IIASA i s  d e s i r a b l e ,  and t h e  GDR s teel  i n d u s t r y  i s  i n t e r e s t e d  i n  
t h e i r  s o l u t i o n .  

S t e e l  p r o d u c t i o n  i n  t h e  bottom-blown oxygen c o n v e r t e r  by 
t h e  QEK ( Q u a l i t a t s - u n d  Edels tahl-Kombinat)  p r o c e s s  t a k e s  p l a c e  
i n  20 t c o n v e r t e r s  which u s e  p i g  i r o n  r i c h  i n  phosphorus .  

The f a c t o r s  f o r  which computers  a r e  a p p l i e d  i n  t h i s  p r o c e s s  
a r e  : 

- C a l c u l a t i o n  o f  t h e  amounts of raw m a t e r i a l  n e c e s s a r y ,  
such  a s  p i g  i r o n ,  c o o l i n g  medium, l i m e ,  and a l l o y i n g  
m a t e r i a l s ,  

- Determina t ion  of t h e  end p o i n t  o f  oxygen blowing,  and 

- Compi la t ion  of t h e  c h a r g i n g  and c a s t i n g  r e p o r t s .  

The computing sys tem used f o r  t h e  s o l u t i o n  of t h e s e  t a s k s  con- 
sists main ly  i n :  

- A p r o c e s s  c o n t r o l  computer t y p e  PR 2100 and i t s  p e r i p h -  
e r a l  equipment  of b o t h  f i r s t  and second o r d e r .  I t  
h a s  4096 memory l o c a t i o n s  (drum memory) w i t h  a  word 
l e n g t h  of 3 3  b i t s  and p o s s i b i l i t i e s  of d i r e c t  connec t -  
i n g  t o  t h e  p r o c e s s .  

- A c a l c u l a t o r  of t h e  t y p e  C  8205, which a l s o  h a s  4096 
memory l o c a t i o n s .  



- D i g i t a l  and a n a l o g  i n d i c a t o r s .  

- A punch t a p e  d a t a  t r a n s m i s s i o n  u n i t  t o  t h e  works com- 
p u t e r  c e n t e r .  

- V a r i o u s  means o f  communication ( t e l e p r i n t e r ,  c o r r e s p o n -  
d e n c e  s y s t e m s ,  TV sys tem f o r  t h e  t r a n s m i s s i o n  o f  informa-  
t i o n ,  e t c . ) .  

I n  F i g u r e  1 ,  t h e  j o b s  of t h e  p r o c e s s  c o n t r o l  computer  
s y s t e m ,  d i v i d e d  i n t o  t h e  o p e r a t i o n  p r o c e s s  and t h e  s u b s t i t u t i o n  
s y s t e m ,  a r e  p r e s e n t e d .  For  e v e r y  job ,  m a t h e m a t i c a l  submodels  
have been deve loped  w i t h  t h e  e x c e p t i o n  o f  t h e  c o m p i l a t i o n  o f  t h e  
c h a r g i n g  and c a s t i n g  r e p o r t s .  The submodels  a r e  i n  g e n e r a l  
s t o c h a s t i c .  Those shown i n  F i g u r e  1 ,  i n  c h r o n o l o g i c a l  o r d e r  o f  
a  h e a t  r u n ,  have t h e  f o l l o w i n g  f u n c t i o n s :  

- C a l c u l a t i o n  o f  t h e  m e t a l l i c  raw m a t e r i a l  depend ing  o n  
t h e  i n t e n d e d  t y p e  o f  s t e e l ,  t h e  c h e m i c a l  c o m p o s i t i o n  and 
h e a t  o f  t h e  p i g  i r o n ,  and t h e  n e c e s s a r y  t a p  w e i g h t  by 
a  s t a t i s t i c a l l y  s e c u r e d  m u l t i p l e  r e g r e s s i o n  f u n c t i o n .  
The amount o f  c o o l i n g  medium n e c e s s a r y  i s  c a l c u l a t e d  i n  
a  s i m i l a r  way. 

- C a l c u l a t i o n  of t h e  a d d i t i o n a l  amount o f  l i m e  n e c e s s a r y  t o  
g u a r a n t e e  t h e  f i n a l  phosphorus  c o n t e n t  d e s i r e d  i s  by t h e  
a l g o r i t h m :  

where : 

m L i s  t h e  a d d i t i o n a l  l i m e  ( k g ) ,  z ,  
mRE,  t h e  p i g  i r o n  ( k g ) ,  

S i R E ,  t h e  s i l i c o n  c o n t e n t  o f  t h e  p i g  i r o n  ( $ ) ,  

KUI t h e  e x c e s s  l i m e  m u l t i p l i c a t i o n  f a c t o r ,  

'RE, t h e  phosphorus  c o n t e n t  o f  t h e  p i g  i r o n  ( $ 1  , 

PVp, t h e  phosphorus  c o n t e n t  o f  t h e  p r e l i m i n a r y  t e s t ,  and 

m e /c ,  t h e  amount o f  l i m e  p e r  c h a r g e .  

The c a l c u l a t i o n  o f  t h e  amount o f  l i m e  i n  t h e  f i r s t  few 
m i n u t e s  of b lowing h a s  p recedence  o v e r  t h e  o t h e r  a r i t h m e t i c  
o p e r a t i o n s ,  a s  s l a g  f o r m a t i o n  h a s  a  b i g  i n f l u e n c e  on t h e  pro- 
c e s s .  The amount o f  l i m e  i s  i n c l u d e d  i n  t h e  submodel "end- 
p o i n t  d e t e r m i n a t i o n  of t h e  c h a r g e " .  
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The end-point determination of the charge, i.e. the end 
of the oxygen blowing, depends on many factors and is carried 
out by means of a stochastic function of high precision: 

m o2 = ( m ~ f  m ~ m f  'RE' I l n ~ l  'RE' T ~ ~ r  "lime, m orer 

02"1 MnVp, and PVp) 

where : 

m ore' is the amount of added ore, 

m Km , the amount of added cooling medium, 

CREf the carbon content of the pig iron, 

MnRE, the manganese content of the pig iron, 

MnVp, the manganese content of the metal in the pre-test, 

T ~ ~ ,  the temperature of the pig iron, and 

02", the amount of oxygen before the conversion. 

In this function, the contents of manganese and phosphorus 
of the preliminary test serve as control media and the oxygen 
consumed in the conversion serves as an effective process param- 
eter. As some information of the proceeding of the process is 
used, this algorithm is of dynamic character. 

Under the specified operation conditions, the calculated 
amount of necessary oxygen is available approximately three 
minutes before the end of the blowing and allows the operator 
to define the end of the blowing exactly by comparison with the 
cumulative oxygen consumption indicated. 

The calculation of the yield of steel as well as of the 
alloying materials required for the desired steel type is car- 
ried out by multiple regression functions. The compilation of 
the charging and casting reports is carried out by further pro- 
cessing in the computer center of the data stored for every melt 
via punch tape. 

The control media necessary for directing the melting process 
are transmitted to the smelters directly, whereas the complete 
reports are prepared when all the information is available. 

The application of the process model led to an improvement 
of the operation process and the quality of the produced steel; 
besides which labor needs were reduced. The yield increased by 



0 . 4  p e r c e n t  and t h e  l i m e  saved by t h e  economies  was 5 p e r c e n t .  
These r e s u l t s  mean t h a t  t h e  p l a n t  redeems t h e  c o s t  o f  t h e  computer- 
i z a t i o n  w i t h i n  2 . 3  y e a r s .  



D i s c u s s i o n  

The d i s c u s s i o n  c e n t e r e d  on p r o c e s s  t e c h n o l o g y  and o r g a n i z a -  
t i o n  i n  t h e  s teel  i n d u s t r y .  I t  was p o i n t e d  o u t  t h a t  i n  t h e  German 
Democrat ic  R e p u b l i c ,  b a s i c  oxygen f u r n a c e s  (BOFs) a r e  n o t  used  ; 
t h e i r  u s e  i n  s t e e l  p l a n t s  may b e  i n c l u d e d  i n  t h e  n e x t  Five-Year 
P l a n .  

By means o f  t h e  bottom-blowing p r o c e s s ,  a b o u t  6 0 0 , 0 0 0  t of  
s t e e l  a r e  produced a n n u a l l y ;  p h o s p h o r u s - r i c h  p i g  i r o n  i s  a l s o  
p r o c e s s e d  u s i n g  t h i s  t e c h n i q u e .  Oxygen and d i e s e l  f u e l  used  a s  
c o o l a n t s  a r e  i n j e c t e d  s i m u l t a n e o u s l y .  There  a r e  no problems 
w i t h  s l a g  f o r m a t i o n  and phosphorus  remova l .  I n  c r u d e  s t e e l  t h e r e  
i s  less t h a n  . O 1  p e r c e n t  phosphorus .  

A t t e n t i o n  t h e n  f o c u s e d  on t h e  o r g a n i z a t i o n  of i n t e g r a t e d  
s y s t e m s  i n  s teel  p l a n t s  i n  t h e  GDR. It was s t a t e d  t h a t  t h e  
s e c t o r i a l  sys tem i s  p a r t l y  i n  o p e r a t i o n  f o r  t h e  s t e e l  i n d u s t r y .  
S e v e r a l  s t e e l  p l a n t s  have implemented a  c e n t r a l  computer  sys tem 
f o r  p l a n n i n g ,  s c h e d u l i n g ,  s t o c k  c o n t r o l ,  and t h e  l i k e .  



A d a p t a t i o n  Methods i n  I n v e s t i g a t i o n s ,  M o n i t o r i n g ,  

And C o n t r o l  o f  t h e  Oxygen C o n v e r t e r  P r o c e s s  

Yu.A. V a s i l e v s k y ,  R.A. S i m s a r i y a n ,  and B . I .  Chernov 

The oxygen c o n v e r t e r  i s  a  p r o m i s i n g  p r o c e s s  whose development  
i s  l i m i t e d  c h i e f l y  by t h e  d e g r e e  o f  c o n t r o l  p o s s i b l e .  The c h i e f  
r e a s o n  p r e v e n t i n g  t h e  development  o f  a  p e r f e c t  c o n t r o l  sys tem 
i s  t h e  c o n t i n u a l  change c a u s e d  b o t h  by r e a c t i o n s  i n  t h e  c o n v e r t e r  
and by t h e  f r e q u e n t  developments  of t h e  p r o c e s s .  S t a b i l i z a t i o n  
o f  t h e  raw m a t e r i a l  and blowing modes d o e s  n o t  e l i m i n a t e  t h i s  
problem; f u r t h e r m o r e ,  no s t a b l e  s t a t i s t i c a l  v a r i a b l e s  seem t o  
e x i s t  t h a t  c o u l d  be  used  t o  d e s c r i b e  t h e  p r o c e s s .  

The c o n t i n u a l  change p r e v e n t s  s u f f i c i e n t  a  p r i o r i  d a t a  
( a c c u r a t e  s t a t i s t i c a l  c h a r a c t e r i s t i c s  of t h e  v a r i a b l e s  and t h e  
n o i s e )  f rom b e i n g  o b t a i n e d  f o r  a  m o n i t o r i n g  and c o n t r o l  sys tem;  
b u t  a d a p t a t i o n  methods [ 1 , 2 ]  seem t o  be  u s e f u l  i n  s t u d y i n g ,  
i n o n i t o r i n g ,  and c o n t r o l l i n g  t h e  p r o c e s s .  

Problems s o l v e d  by a d a p t a t i o n  methods have been  f o r m u l a t e d  
[1 ,21 a s  problems i n  e s t i m a t i n g  t h e  p a r a m e t e r s  w i t h  a  v iew t o  

min imiz ing  c e r t a i n  l o s s  f u n c t i o n s .  

I n  a  g e n e r a l  c a s e ,  t h e  l o s s  f u n c t i o n  can  be  r e p r e s e n t e d  a s  

where  p ( x )  i s  t h e  d i s t r i b u t i o n  d e n s i t y  o f  t h e  random q u a n t i t y  
x  and Q ( x , c )  a  c e r t a i n  f u n c t i o n  o f  x-and t h e  v e c t o r  2 

[ I ] .  

One o f  t h e  a  p r i o r i  d a t a  l a c k i n g  i s  p ( x ) .  The a d a p t i v e  
a p p r o a c h  t o  t h e  m i n i m i z a t i o n  o f  J (2)  y i e l d s  a  r e c u r r e n c e  a l g o r i t h m  
f o r  e s t i m a t i n g  t h e  pa ramete r  v e c t o r  c: 

The s h o r t a g e  of a  p r i o r i  d a t a  i f  t h e  form p ( x )  i s  o f f s e t  by 
t h e  c u r r e n t  d a t a  c o n t a i n e d  i n  x [ n ] .  The a l g o r i t h m  ( 2 )  e n s u r e s  
a s y m p t o t i c  convergence  t o  t h e  v a l u e  which min imizes  t h e  l o s s  
f u n c t i o n s  ( 1 )  i f  t h e  convergence c o n d i t i o n s  o f  [ I ]  a r e  met .  

The c h o i c e  of t h e  f u n c t i o n  Q ( - 1  is  i n  most c a s e s  d i c t a t e d  
by t h e  o b j e c t i v e  f o r  which t h e  p a r a m e t e r s  a r e  e s t i m a t e d .  The 



c h o i c e  has  n o t  been fo rma l i zed  b u t  i f  p ( x )  i s  known t o  belong 
t o  a  c e r t a i n  c l a s s  P t h e n  t h e  c h o i c e  of  Q ( - )  c an  indeed be  
fo rma l i zed .  Minimizing on t h e  c l a s s  P t h e  F i s h e r  i n fo rma t ion  
I ( p )  t h e  "worst  v a l u e "  f o r  t h e  g iven  c l a s s  P d i s t r i b u t i o n  
p* ( x  1 s) i s  found ,  which g i v e s  t h e  lower bound f o r  t h e  e s t i m a t e  
v a r i a n c e  i n  t h e  Kramer-Rao i n e q u a l i t y .  One should  assume [3] 
t h a t  

Th i s  approach r e s u l t s  i n  t h e  s o - c a l l e d  r o b u s t  a l g o r i t h m s  
[Ql. Consequent ly ,  a d a p t a t i o n  methods a r e  a  s t a n d a r d  way t o  
o b t a i n  a l g o r i t h m s  f o r  t h e  i n v e s t i g a t i o n  of r e a l - t i m e  ( s t a t i s t i c a l  
d a t a  p r o c e s s i n g ,  d e s i g n  and a n a l y s i s  o f  mathemat ica l  models ,  
exper iment  d e s i g n ,  e t c .  ) , au toma t i c  mon i to r i ng  ( q u a n t i z a t i o n  o f  
d a t a  r e d u c t i o n ) ,  and c o n t r o l .  

The mu l t i pu rpose  a d a p t a t i o n  a l g o r i t h m s  a r e  convenien t  f o r  
t h e  development o f  program packages and make t h e  s o f t w a r e  e a s i l y  
r e s t r u c t u r a b l e  and e x t e n s i b l e .  Because t hey  a r e  i t e r a t i v e ,  t hey  
can  be  conven i en t l y  used f o r  d e s i g n i n g  r e a l - t i m e  d a t a  p roce s s ing  
programs and t h e y  a r e  f a i r l y  i n s e n s i t i v e  t o  computa t ion ,  i n  
p a r t i c u l a r ,  rounding e r r o r s .  

The b a s i c  d i f f i c u l t i e s  i n  app ly ing  a d a p t a t i o n  o r  any o t h e r  
mathemat ica l  methods a r e  c h i e f l y  i n  t h e  problem s t a t e m e n t ,  t h e  
c h o i c e  of v a r i a b l e s  and methods t o  measure them, and i n  t h e  
c h o i c e  of  t h e  l o s s  f u n c t i o n  and t h e  v e c t o r  o f  a d j u s t i b l e  param- 
eters. Another d i f f i c u l t y  i s  t h e  need f o r  a n  e a s i l y  o p e r a b l e  
c o n t r o l  system. 

Table  1 p r e s e n t s  a d a p t a t i o n  a l g o r i t h m s  used i n  s o l v i n g  
s p e c i f i c  problems of oxygen c o n v e r t e r  p r o c e s s  c o n t r o l .  Two 
examples w i l l  be used f o r  i l l u s t r a t i o n .  

Measuring t h e  Level  of t h e  S lag  Metal  i n  t h e  Furnace 

The sound i n t e n s i t y  p  d u r i n g  t h e  me l t i ng  i s  known t o  depend 
on t h e  d i f f e r e n c e  Hf-n  between t h e  s l a g  me ta l  l e v e l  i n  t h e  fu rnace  

and t h e  c u t o f f  of t h e  t u y e r e  n o z z l e  [5] . 
Thi s  dependence can  be  modeled a s  a  p iecewise  l i n e a r  

f u n c t i o n :  
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where p  and a i  a r e  t h e  X-l ine and Y - l i n e ,  r e s p e c t i v e l y ,  of  
i 

t h e  i t h  a p p r o x i m a t i o n  u n i t ;  

1 ,  w i t h  pi < p ( t )  pi+, Oi  = {  0, w i t h  pi 2 p ( t )  o r  Pi+l < p ( t )  . 

The p a r a m e t e r s  a  of t h i s  f u n c t i o n  v a r y  w i d e l y  i n  t h e  c o u r s e  i 
o f  m e l t i n g  and t o  o b t a i n  a c c u r a t e  v a l u e s  of H f - n  t h e y  need be  

upda ted .  F o r  t h i s  purpose  a d a p t a t i o n  a l g o r i t h m s  o f  t h e  form 
( 2 )  a r e  used [ 6 ] :  

where ~ ( t )  i s  t h e  e r r o r  i n  computing t h e  d e s i r e d  f u n c t i o n .  

The v a l u e s  of a i  a r e  d e t e r m i n e d  and upda ted  w h i l e  t h e  

t u y e r e  moves up and down; 6 p ( t )  i s  t h e  v a r i a t i o n  of  t h e  n o i s e  
i n t e n s i t y  w i t h  t h e  t u y e r e  p o s i t i o n .  

The c r u c i b l e  l e v e l  is  t h e  sum o f  H and t h e  t u y e r e  l e v e l .  f -n  
A d a p t a t i o n  a l g o r i t h m s  e n s u r e  a n  a c c u r a c y  s u f f i c i e n t  f o r  p r a c t i c a .  
p u r p o s e s .  The o p e r a t o r  matches  t h e  mete r  and c a n  u p d a t e  i t s  
i n p u t - o u t p u t  c h a r a c t e r i s t i c  by moving t h e  t u y e r e  up and down. 

2 
i n  t h e  Course  of  Blowing 

I t  h a s  been found  171 t h a t  s t a r t i n g  a t  a  c e r t a i n  t i m e ,  t h e  
oxygen c o n t e n t  i n  t h e  c r u c i b l e  i s  d e s c r i b e d  w e l l  by t h e  d i f f e r e n -  
t i a l  e q u a t i o n  

The c a r b o n  c o n t e n t  C can  be found from 



The unknown parameters  Co and K of e q u a t i o n  ( 8 )  a r e  

dC 
de te rmined  th rough  changes i n  t h e  deca rbu r i zed  r a t e  vc = -- 

d t  

The p roce s s  of con t inued  change c a l l s  f o r  r e ad ju s tmen t  of 
t h e  parameters  K and C d u r i n g  t h e  c o u r s e  of t h e  m e l t .  The 

0 

pa r ame te r s  a r e  e s t ima t ed  and r e s t r u c t u r e d  by u s ing  an  a l g o r i t h m  
o f  t y p e  ( 2 )  from t h e  c u r r e n t  v a l u e s  o f  vc i n  e ach  m e l t :  

a  [n] = a[n-1]  - Y i  [n] ( In  ve[n l  - a[n-11 - B[n-11 n )  

where B = -K and a = In  KC^) , 

n  a r e  d i s c r e t e  t imes  of t ,  and 

v  [n] a r e  d i s c r e t e  v a l u e s  of  vc . 
C 

S i m i l a r  a d a p t a t i o n  a l g o r i t h m s  de t e rmine  t h e  t i m e  a t  which 
Equa t ion  ( 7 )  s t a r t s  t o  ho ld  f o r  e ach  m e l t  from c u r r e n t  v a l u e s  of 
v .  

C 

The a lgo r i t hms  w e r e  t e s t e d  i n  t h e  Chelyabinsk and W e s t -  
S i b e r i a n  Works. The t r a n s i e n t  pe r i od  of  parameter  ad jus tment  
was found t o  depend on t h e  c h o i c e  of i n i t i a l  v a l u e s  and d i d  n o t  
exceed seven t o  t e n  m e l t s  w i t h  z e r o  i n i t i a l  v a l u e s .  Cont inuous 
parameter  upda t i ng  from t h e  c u r r e n t  v a l u e s  o f  vc r e s u l t s  i n  a  

c a l c u l a t e d  carbon  c o n t e n t  which does  n o t  d i f f e r  from t h e  a c t u a l  
v a l u e  by more t h a n  0.02 p e r c e n t  ( t h e  l i q u i d u s  t empe ra tu r e  be ing  
t h e  i n d i c a t o r ) .  

The a d a p t a t i o n  approach seems promising i n  p r o c e s s e s  o t h e r  
t h a n  oxygen c o n v e r t e r s  and s i g n i f i c a n t l y  f a c i l i t a t e s  t h e  sys tems  
approach i n  i n v e s t i g a t i o n ,  moni tor ing ,  and c o n t r o l .  
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D i s c u s s i o n  

A t t e n t i o n  f o c u s e d  o n  two main  p rob lems :  a d a p t a t i o n  t e c h -  
n i q u e s  o f  mode l s ,  and t h e i r  i m p l e m e n t a t i o n  f o r  c o n t r o l  o f  b a s i c  
oxygen  f u r n a c e s  (BOFs) . 

Because  o f  t h e  c h a n g i n g  c h a r a c t e r i s t i c s  o f  t h e  BOF p r o c e s s  
e - g . ,  d u r i n g  t h e  h e a t  p e r i o d s  and d u r i n g  t h e  l i f e  o f  t h e  con-  
v e r t e r ,  a d a p t a t i o n  is  e s s e n t i a l  f o r  BOF c o n t r o l .  F o r  example ,  
t h e  u s e  o f  o n l y  o n e  s t a n d a r d  c u r v e  f o r  a  p e r i o d  o f  100 h e a t s  
w i t h o u t  a d a p t a t i o n  may r e s u l t  i n  a n  e r r o r  i n  measur ing  t h e  l a n c e  
p o s i t i o n  t h a t  c o u l d  b e  a s  g r e a t  a s  4 m. The sound i n t e n s i t y  o f  
t h e  f r e q u e n c y  o f  700 t o  900 Hz i s  used  a s  i n p u t  i n f o r m a t i o n .  
T h i s  s t a n d a r d  c u r v e  may b e  used  f o r  l a n c e  p o s i t i o n  c o n t r o l .  The 
l a n c e  may move d u r i n g  t h e  b lowing  p e r i o d ,  and t h e  s p e c i a l  d i s p l a y  
w i l l  t h e n  show t h e  o p e r a t o r  how much a d a p t a t i o n  is needed .  The 
o p e r a t o r  i s  a b l e  t o  change  t h e  l a n c e  p o s i t i o n  v e r y  q u i c k l y  i n  
s u c h  a  way t h a t  t h e  p o s i t i o n  o f  t h e  b a t h  r e m a i n s  t h e  same. The 
c u r v e  c a l i b r a t i o n  is done  on t h e  b a s i s  o f  c h a n g e s  i n  t h e  sound 
i n t e n s i t y .  The new c a l i b r a t e d  c u r v e  is  used  f o r  t h e  l a n c e  
p o s i t i o n  c o n t r o l  i n  t h e  n e x t  h e a t .  T h i s  s y s t e m  h a s  been  u s e d  
o n  a  130 t c o n v e r t e r .  The i m p l e m e n t a t i o n  o f  t h e  s y s t e m  makes 
it p o s s i b l e  t o  p r e v e n t  s l o p p i n g  and t o  i n c r e a s e  t h e  m e t a l  y i e l d  
by u p  t o  0 .4  p e r c e n t .  T h i s  method h a s  a l s o  been t e s t e d  f o r  50 
t o  300 t c o n v e r t e r s .  

Ano the r  s u b j e c t  d i s c u s s e d  was c a r b o n  e n d - p o i n t  c o n t r o l .  I n  
t h i s  c a s e ,  model a d a p t a t i o n  b e g i n s  f i v e  m i n u t e s  b e f o r e  t h e  assumed 
end-blowing t i m e  f o r  a  130 t c o n v e r t e r ,  and t h r e e  m i n u t e s  b e f o r e  
f o r  a  350 t c o n v e r t e r .  The i m p l e m e n t a t i o n  o f  t h e  model h a s  re- 
s u l t e d  i n  s t a n d a r d  d e v i a t i o n  f o r  t h e  end p o i n t  o f  0 .02 p e r c e n t ;  
b e f o r e  model i m p l e m e n t a t i o n ,  i t  was 0 .04  p e r c e n t .  

O t h e r  p rob lem a r e a s  r e c e i v i n g  a t t e n t i o n  were  t e m p e r a t u r e  
measurement  i n  t h e  r e a c t i o n  zone  and v i b r a t i o n  measure .  A s  t o  
t h e  f o r m e r ,  t h e  measurement ,  which was o r g a n i z e d  t h r o u g h  t h e  
oxygen l a n c e ,  was 2000 t o  2100 OC. The most  d i f f i c u l t  p rob lem 
w i t h  r e s p e c t  t o  v i b r a t i o n  measure  is  t o  d e t e r m i n e  t h e  p o i n t  f o r  
t h e  s e n s o r  s t a t e m e n t .  



Economic Aspec ts  o f  Computer A p p l i c a t i o n  

I n  Bas i c  Oxygen Furnaces  

L.  Surguchova 

Computer a p p l i c a t i o n  i n  b a s i c  oxygen f u r n a c e s  (BOFs) n a t u r a l l y  
means a d d i t i o n a l  inves tment  and it i s  impor tan t  t o  c a l c u l a t e  t h e  
e f f i c i e n c y  of t h i s .  I n  t h i s  paper  w e  c o n s i d e r  a  b a s i c  methodology 
f o r  t h i s  c a l c u l a t i o n  which can  be  used f o r  c a l c u l a t i n g  t h e  e f f i -  
c i e n c y  of bo th  planned and o p e r a t i o n a l  computer sys tems .  

I t  i s  g e n e r a l l y  known t h a t  computer a p p l i c a t i o n  i n  BOFs 
makes p o s s i b l e  a  r e d u c t i o n  i n  t h e  number of ca rbon  and temper- 
a t u r e  reb lows  and overblow hea t s - - i n  o t h e r  words, it i n c r e a s e s  
t h e  number of h e a t s  produced f o r  a  g iven  v a l u e  of t h e  o u t p u t  
pa r ame te r s .  This  changes t h e  number o f  techno-economic i ndexes  
f o r  t h e  BOF p r o c e s s  ana lyzed  by t h e  methodology (dec r ea s ing  t h e  
blow-time, t h e  t ap - t o - t ap  c y c l e ,  t h e  f e r r o - a l l o y  consumption,  
was te  m a t e r i a l s ,  e t c . )  and l e a d s  t o  a n  i n c r e a s e  i n  me t a l  y i e l d ,  
t h e  l i f e - s p a n  of t h e  r e f r a c t o r y  l i n i n g ,  e t c .  (see F i g u r e  1 ) . 
Thi s  i n  t u r n  l e a d s  t o  a  change i n  t h e  c o s t s  of main tenance ,  raw 
m a t e r i a l s ,  a d d i t i v e s ,  e t c .  

The o t h e r  impor t an t  consequence nece s sa ry  f o r  cons ide r -  
a t i o n  when c a l c u l a t i n g  t h e  economics of computer a p p l i c a t i o n  i s  
t h e  change of c a p i t a l  inves tment  i n  a d j o i n i n g  economic s e c t o r s  
( F i g u r e  1 ) . 

The i n c r e a s e  i n  t h e  me t a l  y i e l d  i s  p o s s i b l y  t h e  main sou rce  
of e f f i c i e n c y .  The me ta l  y i e l d  depends on t h e  s c r a p  r a t i o  i n  
t h e  cha rge ,  t h e  t empe ra tu r e  o f  t h e  m e t a l s ,  t h e  ca rbon  concen t r a -  
t i o n  a t  t h e  end p o i n t ,  t h e  blowing t i m e ,  e t c .  Table  1 shows a s  
a n  example t h e  dependency of was t e  on t h e  end-poin t  t empe ra tu r e  
f o r  p i p e  s t e e l .  There  i s  a n  op t ima l  end-poin t  t empe ra tu r e  f o r  
minimal was te .  

Tab l e  1 .  

End-Point Temperature 
of Steel ( O C )  

1570 1580 1590 1600 1610 1620 1630 1640 1650 

Waste ( 5 )  1 1.7 1.2 0.7 0.6 0.7 0.2 0.3 1.8 2.6 
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More p r e c i s e  end-poin t  c o n t r o l  l e a d s  t o  a  r e d u c t i o n  i n  t h e  
t ap - t o - t ap  and blowing c y c l e s  and t o  a  d e c r e a s e  i n  h e a t  l o s s .  
T h i s  makes it p o s s i b l e ,  f o r  example, t o  i n c r e a s e  t h e  f r a c t i o n  
of  s c r a p  i n  t h e  cha rge  which i s  a l s o  v e r y  impor t an t .  

Improvement of end-poin t  c o n t r o l  by computer a p p l i c a t i o n  
l e a d s ,  a s  was shown above,  t o  an i n c r e a s e  i n  me t a l  y i e l d ,  which 
means an  i n c r e a s e  i n  p r o d u c t i v i t y  (F igu re  1  ) . I t  a l s o  i n c r e a s e s  
t h e  d u r a b i l i t y  of  t h e  r e f r a c t o r y  l i n i n g .  I t  is  w e l l  known t h a t  
a  number of c o r r e c t i o n s  depend on end-poin t  t empe ra tu r e .  I t  
was found,  f o r  example, t h a t  by r educ ing  t h e  number of  end-poin t  
ca rbon  c o r r e c t i o n s  by 10 p e r c e n t ,  t h e  l i f e  span of t h e  r e f r a c t o r y  
l i n i n g  was i n c r e a s e d  by 10 p e r c e n t .  The i n f l u e n c e  of end-poin t  
t empe ra tu r e  ( e i t h e r  h ighe r  o r  lower)  on t h i s  index  i s  a l s o  
ex t remely  h igh .  I n c r e a s i n g  t h e  l i f e - s p a n  of t h e  r e f r a c t o r y  
l i n i n g  n a t u r a l l y  r educes  t h e  r e f r a c t o r y  consumption and t h e  c o s t  
o f  r e p a i r s .  I n  a d d i t i o n ,  it i n c r e a s e s  BOF p r o d u c t i v i t y .  In-  
c r e a s e d  p r o d u c t i v i t y  depends ve ry  s t r o n g l y  on t h e  accu racy  of  
end-poin t  c o n t r o l .  The r e d u c t i o n  of  blowing t i m e  s a v e s  some 
oxygen and l e a d s  t o  a  d e c r e a s e  i n  energy  c o s t s  f o r  t h e  s t e e l .  

The change of inves tment  i n  o t h e r  s e c t o r s  h a s  been con- 
s i d e r e d ,  making it p o s s i b l e  t o  e v a l u a t e  t h e  e f f i c i e n c y  of  com- 
p u t e r  implementat ion f o r  t h e  economy a s  a  whole. The e f f i c i e n c y  
of d i f f e r e n t  computer-based sys tems  f o r  BOFs h a s  been c a l c u l a t e d .  
The v a r i o u s  sys tems  i n s t a l l e d  on a  100 t o  130 t c a p a c i t y  BOF a r e :  

- I S p e c i a l i z e d  ana log  system f o r  dynamic measurement 
of  d e c a r b u r i z a , t i o n  r a t e ;  

- I1 S p e c i a l i z e d  ana log  system f o r  end-poin t  c o n t r o l ,  
based on a  s t a t i c ,  s t a t i s t i c a l  model; 

- 111 1 V Systems based on u n i v e r s a l  minicomputers  f o r  
s t a t i c  end-poin t  c o n t r o l :  t h e  models implemented 
a r e  combined, e . g .  a n a l y t i c a l - e x p e r i m e n t a l ;  

- V I  Systems based on a  u n i v e r s a l  minicomputer f o r  s t a t i c  
cha rge  c a l c u l a t i o n  and dynamic end-poin t  c o n t r o l ;  

- V I I  Systems based on a  s p e c i a l i z e d  ana log  computer--the 
system c a r r i e s  o u t  t h e  fo l l owing  t a s k s :  cha rge  
c a l c u l a t i o n ,  d e c a r b u r i z a t i o n  r a t e ,  ca rbon  concen t r a -  
t i o n  and t empe ra tu r e  of  me t a l  d u r i n g  blowing,  i r o n  
c o n c e n t r a t i o n  i n  s l a g ,  end-poin t  c o n t r o l .  

A s  shown i n  Table  2 ,  computer a p p l i c a t i o n  i n  BOFs improved 
t h e  c o n t r o l  of t h e s e  p r o c e s s e s ,  i n c r e a s e d  t h e  pe r cen t age  of  h e a t s  
produced w i thou t  c o r r e c t i o n s ,  i n c r e a s e d  t h e  p r o d u c t i v i t y  by 1 . 2  
t o  4 . 6  p e r c e n t ,  and reduced t h e  c o s t  of  steel by 0.12 t o  1 .0  
p e r c e n t .  I t  i s  c l e a r  from t h i s  s t u d y  of  computer a p p l i c a t i o n  
t h a t  t h e  s o u r c e s  and v a l u e  e f f i c i e n c y  depend n o t  o n l y  on t h e  
sys tems  implemented b u t  a l s o  on p a r t i c u l a r  f e a t u r e s  of t h e  
c o n t r o l l e d  o b j e c t .  



T a b l e  2 .  Some r e s u l t s  o f  computer  a p p l i c a t i o n  i n  BOFs. 

It  i s  n e c e s s a r y  t o  emphas ize  t h a t  t h e  r e s u l t s  o f  computer  
a p p l i c a t i o n  s h o u l d  b e  e v a l u a t e d  n o t  o n l y  from t h i s  p u r e l y  econom- 
i c  p o i n t  o f  v iew b u t  a l s o  f rom a  s o c i a l  p o i n t  o f  view--improve- 
ment o f  working c o n d i t i o n s ,  r a i s i n g  t h e  l e v e l  o f  t h e  p e r s o n n e l ,  
and s o  on .  

Computer 
Systems 

A t t r i b u t e s  

Inc reased  p r o p o r t i o n  o f  
h e a t s  w i thou t  c o r r e c -  
t i o n  

I n c r e a s e d  p r o d u c t i v i t y  

I n c r e a s e d  me ta l  y i e l d  

Reduct ion of  was te  

I n c r e a s e d  d u r a b i l i t y  of  
r e f a c t o r y  l i n i n g  

Reduct ion of  c a s t i n g  
mold consumption 

Reduct ion of  c o s t  of  
s t e e l  

Reduced c o s t  of  s t e e l  i n  
o t h e r  economic s e c t o r s  

S t a t i c  
and 

Dynamic 
End- 

P o i n t  
s o n t r o l  - - - .. 

I 

9.7 

1.2 

- 

- 

3.7 

- 

0.12 

0.12 

- - - - -  
VI 

25.0 

3.3 

0 .20  

0 .10  

1 3 . 0  

10 .0  

-- 

1 . 1 0  

0 .80  

DynamAc- - 
VII  

35.4 

4.6 

0 .23  

0 .15  

1 5 . 0  

1 0 . 0  

1 . 0 0  

0 .90  

S t a t i c  Charge C a l c u l a t i o n  

s o n t r o &  

V 

18.0 

2.4 

0 .14 

- 

6 . 0  

- 

0 .40  

0.30 

and - - - 
I I 

10.2 

1 .8  

0.05 

- 

6 . 0  

6 . 0  

0.40 

0.40 

End-Point - - - 
I11 

15.2  

2.8 

0.15 

0 .10  

9 .5  

7.5 

0.70 

0 .70  

- - 
IV 

15.5  

2.6 

0 .18  

0.10 

8 .0  

7 .5  

0 . 7 0  

0 .50  



Discussion 

The participants underscored the difficulties encountered 
in eliminating small changes in the parameters because of com- 
puter application, as for example, changing the metallic yield 
0.05 percent. One participant mentioned a case study in which 
a special test period was selected, say 200 to 300 heats with 
a computer, and the same number without a computer. Several 
different parameters were considered for five different plants. 
Occasionally, it was found that change occurred because of 
computer application. 

It was stated that improvement of the indexes is more impor- 
tant than cost. Cost-benefit analysis is the optimal method 
for presenting a good picture of computer application. There 
are very few published results about the efficiency of systems; 
results are available for some steel plants in Japan. The de- 
velopment of techniques mentioned in these reports appears 
feasible. 

Attention then focused on the use of computers for improving 
the results of poor versus good management. Each plant has its 
own considerations and management system, and the evaluation of 
improvements must take these factors into consideration. It may 
be possible that a good manager can control the converter better 
than a computer. 
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Integrated Computer Control System for the 

Steelmaking Plant at the Mizushima Works 

Y. Iida and M. Ogawa 

INTRODUCTION 

Mizushima Works, with an annual raw steel production capac- 
ity of 12 million metric tons, is the second integrated steel- 
work of the Kawasaki Steel Corporation. It produces plates, hot- 
rolled sheets and strip, cold-rolled sheets and strip, wide-flange 
beams, steel bars, wire rods, steel castings, and forgings as 
finished products as well as materials for pipe and tubes to be 
shipped for a pipe making plant of the company. 

Two steelmaking shops are in operation at Mizushima Works. 
No. 1 steelmaking shop was started in 1967, and No. 2 shop in 
1970. Table 1 lists some of the major equipments and facilities 
at both steelmaking shops. 

Table 1. Selected equipment and facilities at 
Mizushima steelworking shops. 

No. 1 Steelmaking Shop: 3 BOFs (each with a nominal capac i ty  of 
180 t )  

1 R-H type  vacuum degassing equipment 
(180 t )  

3 teeming yards 

2 s t r i p p e r  yards 

3 continuous c a s t i n g  machines 

No. 2 Steelmaking Shop: 3 BOFs (each with a nominal capac i ty  of 
250 t) 

1 R-H type vacuum degassing equipment 
(250 t )  

3 teeming yards 

1 s t r i p p e r  yard 

2 continuous c a s t i n g  machines 



A BOF p r o c e s s  computer was i n t r o d u c e d  p r i m a r i l y  t o  c o n t r o l  
blowing o p e r a t i o n s .  C o m p u t e r i z a t i o n  of  s t e e l m a k i n g  o p e r a t i o n s  a t  
Kawasaki S t e e l  d a t e s  back t o  1965 when a  computer  c o n t r o l  sys tem 
was f i r s t  p u t  on s t r e a m  a t  Chiba Works, t h e  company's f i r s t  i n t e -  
g r a t e d  s t e e l w o r k s  some 30 m i l e s  e a s t  o f  Tokyo. Based on t h i s  
e x p e r i e n c e ,  a  H-21 computer sys tem o f  Honeywell was i n s t a l l e d  i n  
1967 a t  a  s t e e l m a k i n g  shop i n  Mizushima Works; s i n c e  t h e n ,  t h e r e  
h a s  been r e s e a r c h  on d e v e l o p i n g  a  computer c o n t r o l  sys tem f o r  
blowing.  

Mizushima Works u s e s  a n  o r d e r - t o - p r o d u c t i o n  sys tem,  produc- 
i n g  t h e  f i n i s h e d  p r o d u c t s  and m a t e r i a l s  ment ioned above.  S i n c e  
many t y p e s  o f  i n g o t  and c a s t i n g  s l a b  and bloom a r e  produced a t  
t h e  s t e e l m a k i n g  shops ,  t h e  p r o c e s s i n g  o f  i n f o r m a t i o n  a b o u t  t h e  
s h o p s '  o p e r a t i o n s  i s  a  complex p r o c e s s .  I t  i s  t h e r e f o r e  i m p o r t a n t  
t o  au tomate  e x i s t i n g  manual o p e r a t i o n s  and t o  p r o c e s s  e f f i c i e n t l y  
i n f o r m a t i o n  a b o u t  t h e  workshops w i t h i n  t h e  s t e e l m a k i n g  s h o p s .  
I n  p a r t i c u l a r ,  a u t o m a t i o n  o f  t h e  t e c h n i c a l  c o n t r o l  i s  r e q u i r e d  
n o t  o n l y  t o  improve t h e  q u a l i t y  c o n t r o l  b u t  a l s o  t o  r e l e a s e  
managers and e n g i n e e r s  from r o u t i n e  work. 

Computer a p p l i c a t i o n  i n  s t e e l m a k i n g  shops  may be viewed a s  
hav ing  t h e  f o l l o w i n g  g o a l s :  

- To a c h i e v e  s t a b l e  o p e r a t i o n s ,  s t a b l e  q u a l i t y ,  and  h igh  
p r o d u c t i v i t y  by means o f  advanced blowing c o n t r o l ;  

- To improve q u a l i t y  and y i e l d  by means o f  immediate and 
a c c u r a t e  p r o c e s s i n g  o f  i n f o r m a t i o n  w i t h i n  and around t h e  
s t e e l m a k i n g  shops ,  and optimum o p e r a t i o n a l  i n s t r u c t i o n s ;  

- To p r o c e s s  i n f o r m a t i o n  a u t o m a t i c a l l y  f o r  t e c h n i c a l  c o n t r o l  

At Mizushima Works, r e s e a r c h  f o r  d e v e l o p i n g  a n  i n t e g r a t e d  
computer  c o n t r o l  system f o r  t o t a l  au tomat ion  o f  t h e  i n t e g r a t e d  
s t e e l w o r k s  h a s  gone on s i n c e  t h e  company's beg inn ing .  P r o d u c t i o n  
s c h e d u l i n g ,  o p e r a t i o n s  c o n t r o l ,  and p r o c e s s  c o n t r o l ,  have been 
t o t a l l y  automated th rough  t h e  i n t r o d u c t i o n  of  a  h i e r a r c h y  com- 
p u t e r  system.  These s t a g e s  a r e  a s  f o l l o w s :  

- S t a g e  1: l a r g e - s c a l e  compute rs  f o r  o r d e r  e n t r y ,  produc-  
t i o n  p l a n n i n g ,  and s c h e d u l i n g ;  

- S t a g e  2 :  l a r g e - s c a l e  r e a l - t i m e  computers  f o r  o n - l i n e  
s c h e d u l i n g  and o p e r a t i o n s  c o n t r o l ;  

- S t a g e  3: p r o c e s s  compute rs  f o r  p r o c e s s  c o n t r o l  and /or  
o p e r a t i o n s  c o n t r o l ;  and 

- S t a g e  4 :  minicomputers  f o r  r e s t r i c t e d  c o n t r o l  t a s k s  o r  
i n t e r f a c e s  f o r  a u t o m a t i o n  o f  p r o c e s s  o p e r a t i o n s .  

An o n - l i n e  i n t e g r a t e d  computer system f o r  a  s t e e l m a k i n g  p l a n t  
was i n t r o d u c e d  i n  o r d e r  t o  a c h i e v e  t h e  g o a l s  ment ioned above;  



t h e  system has  been e f f e c t i v e  i n  p roces s ing  informat ion  abou t  
t h e  p roces se s  of h o t  meta l  handl ing  t o  i n g o t  making. A t  t h e  
s tee lmaking  p l a n t ,  t h i s  system c a r r i e s  o u t  a lmost  a l l  t h e  
f u n c t i o n s  of t h e  above s t a g e s  2 and 3. 

Th i s  paper  d i s c u s s e s  t h e  s y s t e m a t i z a t i o n  l e v e l ,  e f f e c t s ,  
and f u t u r e  t r e n d s  based on o p e r a t i o n a l  exper ience  w i t h  t h i s  
computer c o n t r o l  system. 

INTEGRATED COMPUTER CONTROL OF A STEELMAKING PLANT 

F igu re  1 shows t h e  computer system f o r  t h e  s teelmaking 
p roces s .  An i n t e g r a t e d  computer system (MELCOM 350/30) i s  
l i n k e d  t o  t h e  computer c o n t r o l  system (H-21) f o r  t h e  No. 1 S t e e l -  
making Shop, which f u n c t i o n s  a s  a  kind of s a t e l l i t e  system. The 
system i s  designed t o  achieve  optimum c o n t r o l  of product ion  
throughout  t h e  e n t i r e  s teelmaking p roces se s  from ho t  meta l  
handl ing  t o  i n g o t  making. The system i s  organized s o  a s  t o  
improve q u a l i t y  and product  y i e l d  by t o t a l  and r ea l - t ime  pro- 
c e s s i n g .  

QUANTAC 6 0 0  U N I V A C  1110 - Material flow 
Production planning - On-line linkage 

processing and scheduling -- Off-line linkage 
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Computer System Functions 

Figure 2 shows the functional diagram of the system. The 
steelmaking orders are scheduled on a daily basis in the central 
production control computer system (UNIVAC 1110), and delivered 
in the form of punch card output each day. The orders are 
manually rearranged for proper blowing schedules in accordance 
with operational conditions such as mold preparation, teeming 
yard, degassing equipment, continuous casting machines (CCMs), 
and rolling orders at slabbing and blooming mills. Before the 
orders are executed, they are translated into concrete operation- 
al instructions, such as preparation instructions for raw materials 
of hot metal, scrap, etc., or for ingot molds, which are shown 
on cathode-ray tube (CRT) displays or printed out by typewriters 
at each pulpit, or directly preset on an instrument to control 
the operation. Information on molds and stools prepared accord- 
ing to a instruction sheet is fed into the computer. At the 
same time a teeming instruction sheet for each heat is printed 
out by a typewriter, covering the target ingot weight controlled 
by crane scale, which is automatically corrected on the basis of 
data for molds and stool so as to improve the yield of primary 
rolling. Likewise to improve the yield of steelmaking, data on 
these modified weights are reflected in the charge calculation 
of raw materials. 

Computer control and information processing of the BOF 
process from hot metal handling to tapping are done prior to 
the ingot-making operation, which is performed in accordance 
with the detailed teeming instruction sheet mentioned above. 
Data on the teeming operation (observation data) are fed into 
the computer through CRT, and transmitted immediately to the 
subsequent process site of the slabbing and blooming mill. 
Figure 3 shows the layout of terminal equipment, and Figure 4 
shows the schematic data flow of the ingot-making process. 

The system has various functions for improving the steel- 
making and slabbing yield, etc., by means of overall and real- 
time control of processes from hot metal handling to ingot 
making. Selected features of the functions of this system are 
outlined below. 

Charge Calculation 

The high level charge calculation for raw materials is 
made in order to stabilize the blowing operation and to improve 
the steelmaking yield. The hot metal tapped from the first four 
blast furnaces is transported by torpedo cars to the steelmaking 
shop. The targeted amount of steel is composed of both the 
weight of ingots and the weight estimated on the basis of data 
on previous prepared molds. The charge weight of raw materials 
is therefore calculated according to the following equations. 
Various parameters have been used in these equations to prevent 
dispersed blowing owing to differences in chemical composition 
and temperatures between the hot metal of each torpedo car, and 
to stabilize the blowing operations. 
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Hot ratio: H R =  fl (Sir F, G, CR, C,). ( 1 )  

Charge weight: WCH = f2 (WSTL, HR, CR, CHSTL, a) (2) 

where : 
- 
Si : estimated Si content of charged hot metal, 
- 
T : estimated temperature of charged hot metal, 

G : steel grade, 

HR : weight ratio of hot metal to charged raw materials, 

CR : weight ratio of cold iron to charged raw materials, 

WSTL : target weight of steel, 

CHSTL : chemical composition of molten steel at end-point, 

c1 : constant term. 

In Equation (2) a is the revised term for the steelmaking yield; 
this is automatically revised according to the difference between 
the predicted and the real weight of the steel. If up to three 
torpedo cars are designated, the calculation is performed so that 
the weights of hot metal, cold metal, and scrap to be prepared 
are shown on the CRT display. 

Automatic Control of the Blowing Operation 

Signals from the weighers, thermometers, flow meters, and 
other instruments are automatically fed into the computer and 
used for calculations, data logging, etc. The computer output 
is given to the analog or digital controller unit--that is, the 
equipment related to the blowing operation is automatically 
controlled through the combination of the computer and the 
instruments. For instance, the adding pattern and the weight 
of the submaterials of fluxes and iron ore are given by the 
controllers, and fluxes and iron ore are automatically added by 
the local sequence control units. 

Data Links with the Other Process Computers 

This computer control system exchanges information with the 
other process computers through the direct data link. For 
example, data on the transportation of topedo cars may be ob- 
tained from the blast furnace computer and used in calculating 
the charge weight of raw materials. The analysis computer 
gives data on hot metal and molten steel at the BOF and the 
ingot-making stages, respectively. 



S t r i c t  Control of Ingot Weight 

S t r i c t  c o n t r o l  of ingot  weight has  g r e a t l y  improved t h e  
s labbing and steelmaking y ie ld .  A t  Mizushima Works, each 
teeming crane is  equipped with a  crane  s c a l e  t h a t  c o n t r o l s  t h e  
ingot  weight. Since a  top pouring mold s u f f e r s  from g r e a t  d i s -  
s o l u t i o n  a t  t h e  mold bottom, t h e  ingot  weight i s  the re fo re  
cor rec ted  according t o  ingot  shape so  a s  t o  improve t h e  y i e l d .  
That i s ,  bottom shape condi t ions  a r e  grouped i n t o  11 c l a s s e s  and 
coded; t h e  coded bottom shape given f o r  every mold i s  fed  back 
t o  t h i s  system a s  t h e  ingot  shape is  observed a t  the  primary 
r o l l i n g  s tage .  Upon prepara t ion of t h e  mold, t h e  add i t iona l  
weight i s  ca lcu la ted  f o r  each mold according t o  i t s  bottom shape 
code; t h i s  weight i s  added t o  t h e  t a rge ted  ingo t  weight t h a t  
has  been p r in ted  o u t  on t h e  i n s t r u c t i o n  shee t  f o r  ingo t  making. 
Furthermore, da ta  on these  modified weights a r e  r e f l e c t e d  i n  
t h e  c a l c u l a t i o n s  f o r  charge weight of raw mate r i a l s .  This is  
one of t h e  most e f f e c t i v e  funct ions  of the  t o t a l  and real - t ime 
computer c o n t r o l  system. 

Inventory Control of Molds and S too l s  

The on-l ine inventory c o n t r o l  of molds and s t o o l s  has 
g r e a t l y  contr ibuted t o  the  improved q u a l i t y  of ingo t s  t o  t h e  
reduced mold consumption c o s t ,  while a l s o  improving the  y ie ld .  
The mold and s t o o l  master f i l e  conta ins  da ta  on a l l  molds and 
s t o o l s  (about 3000 t o  4000 molds and about 2000 t o  3000 s t o o l s )  
i n  use a t  t h e  steelmaking shops i n  Mizushima Works, and the  f i l e  
is  updated on a  real- t ime bas i s .  A s  shown i n  Table 2, the  number 
of d a t a  items per mold is 13 and t h a t  of s t o o l  is  9 .  

Table 2 .  Date items per mold and s t o o l  
(mold: 1-13, s t o o l :  1-9) .  

3 Index no. 1 10 Next a v a i l a b l e  time 

1 Location 

2 Index of  t h e  kind 

8 La tes t  pouring t ime 

9 Shop No. i n  use 

Tota l  ingot  weight 
Parameter 2  ( f o r  i n g o t  

Average cyc le  time 
l3 weight c a l c u l a t i o n )  

4 Frequency of usage 

5 Frequency of  repairment 

11 Ingot  shape code 

12 Parameter 1 



Organiza t ion  of Hardware and Backup Problem 

Since  system f a i l u r e  i s  t o  be  avoided ,  a  l a r g e  investment  
w i l l  be  necessary  t o  meet t h i s  requi rement  a t  t h e  p r e s e n t  tech-  
n i c a l  l e v e l .  The problem most f e a r e d  i n  a  s i n g l e  system i s  a  
prolonged system f a i l u r e ,  which can  happen. Should t h i s  be t h e  
c a s e ,  t h e  system should be designed s o  t h a t  t h e  main f u n c t i o n s  
can  be  performed a t  t h e  t ime of  a  breakdown of hardware, even 
though t h e s e  f u n c t i o n s  w i l l  be p a r t i a l l y  degraded.  The f e a t u r e s  
of t h e  hardware o r g a n i z a t i o n  a r e  summarized below. 

The system i s  composed of  a  medium-process computer,  MELCOM 
350-30 made by Mi t sub i sh i  E l e c t r i c ,  wi th  t h e  load  shared  by two 
c e n t r a l  p rocess ing  u n i t s  (CPUs); it i s  a  duplex  system of a  load-  
s h a r e  t ype  a s  shown i n  F igu re  5. A s tandby system i s  a p p l i e d  
t o  a  p a r t  of t h e  c o n t r o l l e r .  

3 1 SINGLE 

3 Z S N G L E  B B A 

PROCESS Computer cornpuler Compl~lrr ComDulcr 

I 

3 7. CPU 
core 48kw 

I - - - -  

Figure 5. Organization of the No. 2 BOF computer system. 



The d u a l  a c c e s s  f u n c t i o n  of  t h e  magne t ic  drums a l l o w s  
i m p o r t a n t  d a t a  ( e - g . ,  d a t a  on molds and s t o o l s  which i n  t h e  
c a s e  of t r o u b l e  a r e  n o t  r e s t o r e d )  t o  be s t o r e d  doubly  f o r  d a t a  
backup. 

Video s i g n a l s  from t h e  computer sys tem t h r o u g h  t h e  CRT 
c o n t r o l l e r  a r e  l i n k e d  w i t h  a n  i n d u s t r i a l  t e l e v i s i o n  (ITV) n e t -  
work s o  t h a t  n e c e s s a r y  i n f o r m a t i o n  common t o  e a c h  workshop i s  
t r a n s m i t t e d  t h r o u g h  t h i s  l i n k a g e .  

R e c e n t l y ,  t h e  o p e r a t i o n  r a t e  f o r  t h i s  sys tem h a s  been h i g h  
( 9 9 . 9 % ) .  I n  t e r m s  o f  i n v e s t m e n t ,  t h e  l o a d - s h a r i n g  mutua l  back- 
up sys tem i s  c o n s i d e r e d  e f f e c t i v e  f o r  a  sys tem o f  t h i s  s c a l e .  

B e n e f i t s  o f  t h e  System 

S i n c e  t h e  s t a r t u p  o f  t h e  sys tem i n  t h e  w i n t e r  o f  1971, it 
h a s  been i n d i s p e n s a b l e  t o  t h e  s t e e l m a k i n g  o p e r a t i o n .  Among t h e  
major  b e n e f i t s  a r e  t h e  f o l l o w i n g .  

The sys tem h a s  been l a b o r - s a v i n g  i n  two ways. F i r s t ,  i t s  
i n t r o d u c t i o n  r e s u l t e d  i n  a  s a v i n g s  of a b o u t  20 p e o p l e  f o r m e r l y  
engaged i n  d a t a  g a t h e r i n g  and p r o c e s s i n g  f o r  main tenance  and 
q u a l i t y  c o n t r o l  of t h e  p r o d u c t s .  Second, h i g h l y  s k i l l e d  workers  
were n o  l o n g e r  r e q u i r e d  f o r  t h e  BOF blowing o p e r a t i o n ,  a s  t h e  
computer c o n t r o l  o r  blowing e n a b l e d  i n e x p e r i e n c e d  o p e r a t o r s  t o  
d o  t h i s .  A t  t h i s  t i m e  t h e  Mizushima Works was under  c o n s t r u c t i o n ,  
and t h i s  f e a t u r e  was p a r t i c u l a r l y  h e l p f u l .  

The sys tem h a s  a l s o  r e s u l t e d  i n  improvements i n  y i e l d .  
I n g o t  w e i g h t  c o n t r o l  c o n t r i b u t e d  t o  improvements i n  s l a b b i n g  
and blooming y i e l d .  Moreover, because  o f  t h e  h i g h - l e v e l  c a l c u -  
l a t i o n ,  t h e  o c c u r r e n c e  r a t e  o f  s c r a p  i n g o t  was reduced  by 0.7 k g / t  
of good q u a l i t y  i n g o t .  

F u t u r e  Trends  

The t o t a l  au tomat ion  of a n  ingot-making p r o c e s s  i s  v e r y  
d i f f i c u l t  t o  a c h i e v e  i n  a  s t e e l m a k i n g  p l a n t ,  and t h e r e  a r e  s t i l l  
some manual o p e r a t i o n s .  Automation of t h e  d a t a  g a t h e r i n g  pro-  
cess i s  a l s o  d i f f i c u l t ,  and manual i n p u t  t h r o u g h  CRT p l a y s  a n  
i m p o r t a n t  r o l e  i n  t h i s  sys tem.  Automation of b o t h  p r o c e s s e s  
is  a  problem a w a i t i n g  s o l u t i o n .  

I n  o r d e r  t o  make t h e  most o f  t h e  e x i s t i n g  f a c i l i t i e s  and 
produce t h e  v a r i o u s  p r o d u c t s  most e f f i c i e n t l y ,  an optimum t a p p i n g  
s c h e d u l e  must b e  de te rmined .  To d o  t h i s ,  an  optimum blowing 
s c h e d u l e  s h o u l d  b e  de te rmined  on a  r e a l - t i m e  b a s i s ,  t a k i n g  i n t o  
a c c o u n t  s u c h  r e s t r i c t i o n s  a s  t h e  amount of a v a i l a b l e  h o t  m e t a l ,  
o p e r a t i n g  c o n d i t i o n s  f o r  f a c i l i t i e s  and equipment a s  w e l l  a s  f o r  
s u b s e q u e n t  p r o c e s s e s .  For  t h i s  sys tem,  a  blowing s c h e d u l e  o f  a  
maximum of  10 h e a t s  was set up,  and o n - l i n e  tests of  t h i s  f u n c t i o n  
were conduc ted .  However, t h e  e x p e c t e d  r e s u l t s  were  n o t  o b t a i n e d  



because of difficulties in varying operations and accidents at 
the facilities. In our opinion, completing the scheduling 
function by improving the existing system is inadvisable. There- 
fore, a large-scale, real-time system for overall control of 
steelmaking, slabbing, and blooming is being studied to allow 
the scheduling function to be completed in the new system. 

COMPUTER CONTROL OF BOF 

Static End-Point Control 

Static end-point control completes the feed-forward control, 
and involves the use of static mathematical models and calcu- 
lation models of the amount of fluxes. The static mathematical 
model is composed of theoretical equations for oxygen balance 
and heat balance; the regression equation has two unknown 
variables: the amount of oxygen consumption, and the amount of 
iron ore. Table 3 shows the factors in these equations. A 
heat balance equation is used on the assumption that a reaction 
C + 1/2 O2 WCO occurs only for decarburization. That is, 

AQ = a WOR + 1 Qout - 1 Qin (kcal) (1) 

where WOR equals the weight of iron ore. 

An oxygen balance equation is also used on the basis of 
the same assumption as that of the heat balance equation. That 
is, 

where 02F is the consumption of blown oxygen and WMS is the 

weight of mill scale, AQ and AV are, respectively, the amount 
of heat and the amount of blown oxygen relative to the oxida- 
tion of Fe and CO. Since these are theoretically unobtainable 
factors, we must use the following multiregression equations 
with parameters of operating conditions. 

AQ = f (AV, B, HR, CR, THM, Sim, CF, TF, TINT) 9 
(4) 

where B is the slag basicity and TINT is the time interval from 
tapping to charging. 



Table 3. The s t a t i c  model. 

Raw m a t e r i a l s :  Analysis  of hotmetal Cm, SiHM, Mnm, Pm, SHEl 

Temperature of ho t  metal T 
HM 

Weight of charged hot  metal ,  sc rap ,  and co ld  i ron  

Fluxes: Weight of burnt  lime, f l u o r s p a r ,  l imestone,  e t c .  

End-point : Analysis  C F r  bF, PF, SF 

molten s t e e l  Temperature TF 

From Equations (1 )  through ( 4 )  we o b t a i n  t h e  amount of 
oxygen consumption, 02F, and t h e  amount of i r o n  o r e ,  WOR. 

The accuracy  of s t a t i c  c o n t r o l  depends on t h e  accuracy  of  
t h e s e  f a c t o r s .  S t a t i c  c o n t r o l  has  e s s e n t i a l  d e v i a t i o n s  owing 
t o  fu rnace  and o p e r a t i n g  c o n d i t i o n s ,  t o  v a r i a t i o n s  i n  s c r a p  
s i z e s  and f l u x  q u a l i t y ,  and s o  on. I n  p r a c t i c e ,  c o n s t a n t  terms 
a r e  i n t roduced  i n t o  Equations ( 3 )  and ( 4 ) :  A Q  = f  + K ,  AV = 
f v  + L,  where t h e  va lues  of  K and L a r e  e s t ima ted  from t h e  

r e s u l t s  of  p a s t  blowing o p e r a t i o n s ,  which depend cons ide rab ly  
on an o p e r a t o r .  Continued e f f o r t s  t o  improve c o n t r o l  accuracy  
a r e  made by s tudying  c o e f f i c i e n t s  such a s  t h e  chemical  composi- 
t i o n  and t h e  phys i ca l  c o n s t a n t  of Equat ions ( 1 )  and (2)  and,  
t h e  r e g r e s s i v e  a n a l y s i s  of  Equat ions ( 3 )  and ( 4 ) ;  however, 
accuracy  of end-point  c o n t r o l  by s t a t i c  mathematical  models has  
l i m i t a t i o n .  

Dynamic End-Point Cont ro l  

Bomb thermocouples were in t roduced  i n  1970. By us ing  a  
dynamic end-point  tempera ture  c o n t r o l ,  t h e  r a t e  of s u c c e s s f u l  
tempera ture  c o n t r o l  was r a i s e d  by about  10 pe rcen t ,  which f o r  
our  purposes was no t  s a t i s f a c t o r y .  Accordingly,  i n  o r d e r  t o  
measure t h e  carbon con ten t  and t h e  tempera ture  of molten s t e e l  
s imul taneous ly ,  and t o  have dynamic end-point c o n t r o l ,  t h e  
development of  a  sublance  system was s t a r t e d  i n  1970. The f i r s t  
exper imenta l  system was i n s t a l l e d  l a t e  i n  1972, and,  a f t e r  many 
improvements i nc lud ing  t h e  a d d i t i o n  of a  s enso r ,  was s u c c e s s f u l l y  
completed. Sublances have been i n s t a l l e d  on a l l  BOFs i n  t h e  
No. 1  s tee lmaking  shop, and a r e  under c o n s t r u c t i o n  i n  t h e  No. 2  
s tee lmaking  shop. 

F igu re  6 shows a  schematic  view of a  sublance  system. The 
sublance  system has  t h e  fo l lowing  f e a t u r e s :  



- 

Figure 6. Schematic view of a sublance system. 



- Sensor s e t t i n g  equipment and sensor  s t o r a g e  bunkers  
a r e  s e t  up s e p a r a t e l y ,  which r e q u i r e s  only  a  sma l l  space  
over  a  fu rnace .  Th i s  f a c i l i t a t e s  i n s t a l l a t i o n  o f  a  sub- 
l a n c e  system ove r  an e x i s t i n g  BOF. Also,  t h e  s t o r a g e  
bunker of  t h e  s enso r s  can  have l a r g e  c a p a c i t y .  

- S e t t i n g  a  sensor  t o  a  s t a t i o n a r y  l a n c e  is  performed by 
a cramp dev ice .  This  method has h igh  r e l i a b i l i t y  i n  
sensor  s e t t i n g .  

- A s t o r a g e  bunker can  s t o r e  up t o  f o u r  k inds  of s enso r s ,  
and f r e e  s e l e c t i o n  of s enso r  is  guaranteed .  

- The sublance  system can  e i t h e r  d i s c a r d  a  used sensor  
i n t o  t h e  furnace  o r  c o l l e c t  it f o r  an  a n a l y s i s  of t h e  
sample. 

- The c y c l e  t ime f o r  measurement i s  s h o r t  (82  s e c ) .  

- The ope ra t ion  c y c l e  of  a  sublance  system from sensor  
s e t t i n g  t o  tempera ture  measurement i s  f u l l y  au tomat ic .  
I n  s p i t e  of  unfavorable  environments ,  t h e  performance 
r a t e  f o r  t h e  equipment i s  a t  l e a s t  99 pe rcen t .  

Sensors ,  which were developed and remarkably impoved i n  
Mizushima, have c o n t r i b u t e d  s u b s t a n t i a l l y  t o  t h e  h igh  succes s  
r a t e  and t h e  accuracy  of measurement. The r e l a t i o n s h i p  between 
t h e  f r e e z i n g  tempera ture  and t h e  carbon c o n t e n t  a s  determined 
by chemical  a n a l y s i s  is  shown i n  F igu re  7 .  

1450 1500 

Freez ing  temperature (OC) 

Figurc: 7. Relation between frcezing temperature and carbon content. 



As can  be s een  from F igu re  4 ,  t h e  carbon c o n t e n t  is  con- 
c e n t r a t e d  on and around t h e  l i n e a r  equa t ion  of t h e  f r e e z i n g  
tempera ture  wi th  a s tandard  d e v i a t i o n  of 0 .018  pe rcen t .  

F igu re  8 i s  a f low diagram of dynamic c o n t r o l  from s t a r t  
t o  f i n i s h  of t h e  blowing process .  

Calculation of  low start 
natic control 

Selection of drarburiration Actual blowing conditions 
curve and coefficient of 
tamparaturn r m  

I 

1. Calculation of residual oxveen corvumption Automatic d - o u t  

A 02 by wing decarburization cum. - - of bath tempanture - 
,2. Prediction of endpoint ternparaturn TP Ts 

by using temprature r i y  model. 
1) if Tp w t a r m  range. 

Calculation of the amount of coolant. Calculation of Automatic mad-out - carbon content of frwzing - 
2) if TP < t e r m  range, CI temperature 

Calculation of a02 by using tempanturn 
r iw modal and prediction of endpoint 
carbon content CP. Raidual oxygen 

a) i f  CP < taram ranee, consumtation A02 
Simultansour control is impossible. - Amount of coolant 

or predicted Addition of coolant 
carbon content . 
at endpoint 

Automatic red-out 
C of molten n w l  Memuring 

Feedback calculation temperature and 
wmpling - Analysis data with 
sublanw 

Figure 8. Flow diagram of dynamic control of blowing process. 

The t iming  f o r  measuring t h e  molten s t e e l  t empera ture  and 
t h e  f r e e z i n g  tempera ture  is  determined by c a l c u l a t i o n s  from t h e  
s t a t i c  mathematical  models; it occu r s  about  two minutes  before  
t h e  blown oxygen r eaches  t h e  p r e d i c t e d  consumed amount. Measured 
tempera tures  a r e  a u t o m a t i c a l l y  f e d  i n t o  t h e  computer,  which then  
c a l c u l a t e s  t h e  dynamic end p o i n t  and c o r r e c t s  t h e  blowing oper-  
a t i o n s .  

Deca rbu r i za t ion  Model 

F igu re  9 shows t h e  d e c a r b u r i z a t i o n  cu rves  which were d e t e r -  
mined by s tudying  p a s t  blowing ope ra t ions .  I n  p r a c t i c e ,  a cu rve  
i s  s e l e c t e d  on t h e  b a s i s  of t h e  s t e e l  g r ade ,  t h e  s l a g  volume, t h e  
blowing c o n d i t i o n s ,  and t h e  r e s u l t s  of  t h e  p rev ious  h e a t .  Then 
t h e  r e s i d u a l  consumption of oxygen, L O 2 ,  i s  c a l c u l a t e d  i n  accor -  
dance wi th  t h i s  cu rve  t o  c o r r e c t  t h e  t o t a l  oxygen consumption. 



Oxygen consumption 

Figure 9. Decarbonization curve. 

Temperature  R i s e  Model 

I n  t h e  t empe ra tu r e  rise Equat ion  ( 5 ) ,  t h e  v a l u e  of  co- 
e f f i c i e n t  a  i s  de te rmined  i n  t h e  same way a s  t h a t  f o r  s e l e c t i n g  
t h e  d e c a r b u r i z a t i o n  cu rve .  The t empe ra tu r e  a t  t h e  blow-end i s  
p r e d i c t e d  by means of  t h e  r e s i d u a l  consumption o f  oxygen, L O 2 ,  
c a l c u l a t e d  a s  f o l l ows :  

where a :  t h e  c o e f f i c i e n t  o f  t empe ra tu r e  r ise ,  

b , c :  t h e  c o n s t a n t s ,  

CF : t h e  t a r g e t  ca rbon  c o n t e n t ,  

Cs : t h e  measured carbon  c o n t e n t .  

I f  t h e  p r e d i c t e d  t empe ra tu r e  a t  t h e  blow-end i s  h i g h e r  than  t h e  
t a r g e t  t empe ra tu r e  r ange  a t  t h e  blow-end, t h e  amount of c o o l a n t  
i s  c a l c u l a t e d .  



Effects and Future Trends 

In No. 1 BOF shop, production ratios of low-carbon, middle- 
carbon, and high-carbon steel are 40, 47, and 13 percent, respec- 
tively. The introduction of a dynamic computer system using 
the sublance has improved the success rate of carbon and temper- 
ature and allowed simultaneous control. 

The introduction of the sublance system has also facilitated 
temperature measurement and sampling at the blow-end without 
tilting a BOF. That is, the temperature and carbon content at 
the blow-end are measured by a sublance, and before tapping starts 
a sample is analyzed for manganese, phosphorus, and sulfur con- 
tents by the spectroanalyzer. This operation shortens the inter- 
val between the blow-end and tapping, and relieves operators from 
doing this work. 

In the future, it is planned to develop a model that estimates 
accurately the manganese, phosphorus, and sulfur content at the 
blow-end based on data from an interim sampling measurement so 
that a tapping method can be set up immediatdly. 

It is also necessary to develop a technique for monitoring 
the refining process between blow-start and blow-end, and to 
develop complete dynamic control of the overall blowing process. 

TECHNICAL INFORMATION SYSTEM (TIS) 

In order to control and to upgrade the quality of products, 
management information systems are needed. At the Mizushima Works 
in 1976 about 30 percent of the problems of quality control of 
ingots, slabs, and blooms, were solved using information pro- 
cessing only, and about 45 percent of the problems were solved 
as a result of information processing and other means such as 
research and improvements in facilities. 

A TIS supported by the central computer is in operation at 
Mizushima. Figure 10 shows a partial flow diagram for the quality 
control of ingots, slabs, and blooms. The features of this system 
are as follows: 

- A user extracts the required data and analyzes these to 
obtain the results in a desired format through CRT. 

- Both source data and analyzed results are registered in 
the data base file. 

- Once the source data have been registered, regular analy- 
sis operations are automatically performed, on a real- 
time analysis basis. 

- A user is able to control creation, modification, and 
discontinuance of the periodical reports. 
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Figure 10. Technical information system at Mizushima works. 
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CONCLUSION 

An on-line integrated computer control system for steel- 
making and a TIS have both been installed at Mizushimz Works. 
The former has substantially improved yield and quality as a re- 
sult of total information processing covering hot metal handling 
to ingot making and of real-time control of inventory of molds 
and stools. A dynamic control system has been completed through 
the combination of a sublance system and a computer system. 

At present, Mizushima Works is studying a large-scale real- 
time system for an overall control of steelmaking, slabbing, and 
blooming. The new system will be designed to increase produc- 
tivity and to reduce operating costs by developing those functions 
that are not possible in the existing systems. A solution is 
needed for the problem of complete automation of ingot-making 
process. 

USERS 

Rwular 
anelmis 

Result of 
expriment 

L , , , -, , , SWt  
analysis 

Data 
correction 



Discussion 

Discussion focused on the general problem of computer appli- 
cation at the Kawasaki Steel Corporation (KSC). At KSC, priority 
has been given first to developing process control systems and 
secondly to developing an integrated system. 

Referring to the model development approach, several parti- 
cipants opined that known thermodynamic equations should be used 
as much as possible; an unknown relationship may be described 
by regression equations. It was observed that multiregression 
equations are used mainly because of uncertainty regarding the 
number of factors. The discussants pointed out that ferrous 
oxygen exerted a great influence on the heats. 

Attention then turned to the subject of the application of 
the control system at KSC and the accuracy of the results achieved 
from the first measurement. It was stated that 86 percent of all 
heats have a carbon deviation of 0.03 percent, and that 94 percent 
of the heats have a temperature deviation of 12 OC. Since the 
implementation of the system, the metal yield has improved by 
0.7 kg/t. 

Several inquiries were made about the factors causing errors 
in metal yield calculations. All agreed that it was difficult 
to determine small differences in metal yield. There may be 
errors in the weighing system, for example, owing to some slag 
being weighed as metal. A standar& allowance is usually made 
for this. 

Other discussion points included problems of integration 
and computer communication. For computer communication, inputs 
fed into the computer are derived from data sent via the air 
shooter. The 1/0 interface is used as a communication system. 
Four cathode-ray tubes (CRTs) are used in the process of ingot 
making. KSC and the computer suppliers developed jointly the 
corporation's software problems. About ten people have been 
working on systems development over a three-year period. Now 
that KSC has a decentralized architecture for the computer 
system, the need has been recognized for an additional, even 
larger computer. 



The Computer C o n t r o l  System a t  t h e  Wakayama S t e e l  Works 

H.  Tokuyama, T. Takawa, 
N .  Aoki,  and K. Katoogi  

INTRODUCTION 

Sumitomo Metal  I n d u s t r i e s  h a s  i n s t a l l e d  computer  sys tems  
i n  a l l  of  i t s  s t e e l  p l a n t s  a s  shown i n  T a b l e  1 .  

A t  t h r e e  s t e e l  p l a n t s  i n  t h e  Wakayama S t e e l  Works, t h e  
i n t e g r a t e d  computer  sys tem,  which c o n s i s t s  o f  a n  o n - l i n e  b u s i n e s s  
computer NEAC 575 and p r o c e s s  computer  H I D I C  350, h a s  been i n t r o -  
duced f o r  b o t h  p r o c e s s  and p r o d u c t i o n  c o n t r o l .  The f u n c t i o n s  of  
p r o c e s s  c o n t r o l  a r e  a s  f o l l o w s :  c o n t r o l  o f  amount of  raw mate r -  
i a l s  and t h a t  of  oxygen, f l u x e s ,  and c o o l a n t s ,  end-po in t  c o n t r o l ,  
and s t e e l  compos i t ion  c o n t r o l .  

A s  r e g a r d s  end-po in t  c o n t r o l ,  a  d o u b l e  blowing c o n t r o l  model 
h a s  been deve loped  f o r  t h e  c o n v e r t e r  of  No. 1 s t e e l  p l a n t  which 
m e l t s  low-phosphorus k i l l e d  s t e e l ,  w h i l e  a  dynamic end-po in t  
c o n t r o l  model t h a t  u s e s  b o t h  s u b l a n c e  equipment and a n  e x h a u s t  
g a s  a n a l y z e r  h a s  been deve loped  f o r  one of  t h r e e  c o n v e r t e r s  o f  
No. 3  s t e e l  p l a n t  which m e l t s  low-carbon rimmed and s e m i - k i l l e d  
s t e e l .  

INTEGRATED ON-LINE PRODUCTION CONTROL SYSTEM I N  THE WAKAYAMA 
STEEL WORKS 

The Wakayama S t e e l  Works i s  t h e  l a r g e s t  o f  a l l  t h e  s t e e l  
works o f  Sumitomo Metal  I n d u s t r i e s ,  L t d .  and h a s  f i v e  b l a s t  
f u r n a c e s ,  t h r e e  s t e e l  p l a n t s ,  two s l a b b i n g  m i l l s ,  one p l a t e  m i l l ,  
one h o t  s t r i p  m i l l ,  one c o l d  s t r i p  m i l l ,  and f i v e  p i p e  m i l l s .  

F i g u r e  1 shows t h e  i n t e g r a t e d  o n - l i n e  p r o d u c t i o n  c o n t r o l  
sys tem.  The f e a t u r e  of  t h i s  system is  t h a t  t h e  f o l l o w i n g  t h r e e  
compute rs  a r e  l i n k e d  t o  one  a n o t h e r  t h r o u g h  t h e  i n t e g r a t e d  d a t a  
f i l e  s o  t h a t  i n f o r m a t i o n  c a n  b e  c e n t r a l i z e d :  

- On- l ine  s t e e l m a k i n g  and s l a b b i n g  computer ,  

- On-line r o l l i n g  computer ,  and 

- P l a n n i n g  and management computer .  

New o r d e r s  a r e  t r a n s m i t t e d  from t h e  o r d e r  e n t r y  system of  
t h e  Head O f f i c e  th rough  t h e  communication network and s t o r e d  i n  
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t h e  i n t e g r a t e d  d a t a  f i l e .  The p lanning  and management computer 
c l a s s i f i e s  t h e s e  o r d e r s  i n t o  product ion  l o t s  every  day and 
de termines  t h e  g rade  of h e a t s ,  from which t h e  me l t i ng  shop pro- 
gram i s  made i n  t h e  product ion  c o n t r o l  c e n t e r .  The on- l ine  s t e e l -  
making and s l abb ing  computer c o n t r o l s  m a t e r i a l  f low through t h e  
s t e e l  p l a n t s  and s l abb ing  m i l l s  accord ing  t o  t h e  me l t i ng  shop 
program. 

CONTROL MODELS AT NO. 1 STEEL PLANT 

Opera t ion  

In  t h e  70 t conve r t e r  of  t h e  No. 1 S t e e l  P l a n t ,  low phosphorus 
high-  and medium-carbon (0.20 t o  0.60 p e r c e n t )  k i l l e d  s t e e l  i s  
being mel ted  w i t h  a  double  blowing ope ra t ion .  F igu re  2 shows t h e  
l a y o u t  of t h e  No. 1 S t e e l  P l a n t  and t h e  o u t l i n e  of o p e r a t i o n  i s  
shown i n  F igu re  3. Af t e r  t h e  f i r s t  blowing 20 t o  30 min, t h e  
o p e r a t o r  measures t h e  tempera ture  of t h e  molten s t e e l  and t h e  
carbon c o n t e n t ,  and by observ ing  t h e  appearance of s l a g  i n  t h e  
c o n v e r t e r  and a sample of molten s t e e l ,  judges t h e  deg ree  of t h e  
dephosphor iz ing  r e a c t i o n .  The second blowing i s  p u t  i n t o  oper-  
a t i o n  f o r  2 t o  3 min w i t h  t h e  i n t e n s i o n  of  meeting t h e  aimed end- 
p o i n t  tempera ture  and carbon con ten t .  I f  t h e  dephosphorizing 
r e a c t i o n  i s  i n s u f f i c i e n t ,  bu rn t  l ime i s  charged.  

No.1 Steel Plant 0 
A I Stripper Yard I I &ficeI 

CCI:  : .  -- ---------- - - 
Teern~ng Deck 

- - - -- - - --------mu- -- - - - 
5 

Scrap Yard 
4 '  . , , I, 2 t 

1 .  Computer Room 5. Tap S ide  P u l p i t  

2. Hot Metal  P u l p i t  6 .  DH P u l p i t  

3. Sc rap  P u l p i t  7 .  Teeming P u l p i t  and 

4 .  Main P u l p i t  S t r i p p e r  Yard P u l p i t  

Figure 2. Layout of No. 1 Steel Plant in the Wakayama Steel Works. 
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Computer System 

A s  shown i n  F igu re  4 ,  cathode-ray t u b e s  ( C R T s )  and o p e r a t i o n  
pane l s ,  which a r e  t e r m i n a l s  of t h e  on - l i ne  s tee lmaking  and 
s l abb ing  computer,  a r e  i n s t a l l e d  i n  a l l  p u l p i t s  from t h e  hot -  
me ta l  p u l p i t  t o  t h e  s t r i p p e r  yard p u l p i t .  

Analyzed va lues  of samples a r e  t r a n s m i t t e d  from t h e  computer 
i n  t h e  chemis t ry  l a b o r a t o r y  through t h e  d a t a  t r ansmis s ion  network 
and d i s p l a y e d  on t h e  C R T s  and t h e  Nixie t ube  i n  t h e  p u l p i t s .  The 
p roces s  computer g a t h e r s  p roces s  data--molten s t e e l  t empera ture  
measured by thermocouple, f low r a t e  of  oxygen, amount of  charged 
f l u x e s  and c o o l a n t s ,  and s o  on. 

Hot Metal P u l p i t  and Scrap P u l p i t  

The computer d i s p l a y s  on t h e  CRT t h e  me l t i ng  shop program 
and t h e  informat ion  on h o t  meta l  i n  each torpedo c a r  and ca l cu -  
l a t e s  t h e  amount of h o t  meta l  and s c r a p  t o  be  charged a t  each 
h e a t  from t h e  amount of raw m a t e r i a l s  c o n t r o l  model. 

Main P u l p i t  

The computer d i s p l a y s  on t h e  CRT t h e  me l t i ng  shop program 
and d e t a i l e d  informat ion  on t h e  h e a t  t o  be blown. The amount of 
oxygen f l u x e s  and c o o l a n t s  t o  be charged i n  t h e  f i r s t  and second 
blowing a r e  c a l c u l a t e d  wi th  t h e  charge  c o n t r o l  model and t h e  
second blowing c o n t r o l  model. When t h e  phosphorus c o n t e n t ,  
carbon c o n t e n t ,  and tempera ture  f a i l  t o  meet t h e  aimed end-point  
v a l u e s ,  and it i s  d i f f i c u l t  t o  o b t a i n  t h e  aimed f o r  s t e e l  g r ade ,  
t h e  computer d i s p l a y s  t h e  s t e e l  g r ades  of o t h e r  h e a t s  i n  t h e  
me l t i ng  shop program on t h e  CRT. The o p e r a t o r  can  choose a 
proper  one from them. 

Tap Side  P u l p i t  

The amount of carbon powder and f e r r o a l l o y s  t o  be charged 
a t  t apping  i s  c a l c u l a t e d  by t h e  s t e e l  composi t ion c o n t r o l  model 
and d i sp l ayed  on t h e  CRT. 

Cont ro l  Models 

The fou r  k inds  of c o n t r o l  models shown i n  F igu re  5 have 
been developed.  
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Amount of Raw M a t e r i a l s  Con t ro l  Model 

The f i r s t  s t e p  of end-point  c o n t r o l  is t h e  c a l c u l a t i o n  of  
ho t  me ta l  percentage  i n  o rde r  t o  t a k e  a  good ba lance  of h e a t  
q u a n t i t y .  A s  shown i n  F igure  6 ,  d e v i a t i o n  from average  h e a t  
volume due t o  t h e  v a r i a t i o n  of s i l i c o n  c o n t e n t  and t h e  temper- 
a t u r e  of t h e  h o t  metal  i n f l u e n c e s  t h e  end-point  tempera ture  which 
was modif ied assuming t h a t  d a t a  o t h e r  t han  s i l i c o n  c o n t e n t  and 
tempera ture  of  ho t  meta l  were of average  va lue .  The computer 
c a l c u l a t e s  t h e  amount of h o t  me ta l  and s c r a p  which s a t i s f i e s  
both  t h e  h e a t  ba l ance  equa t ion  f o r  end-point  c o n t r o l  and t h e  
m a t e r i a l  ba lance  equat ion  f o r  c o n t r o l  of s t e e l  amount. 

Dev~ation from average heat volume owing to the variation 

of Si % and Temperature of hot metal 

Figure 6. 'The influerlce o f  heat volurnts o f  hot rncstal o r 1  c'rldpoillt Ic.rnpc.rat~rrc.. 



Charge Cont ro l  Model 

From t h e  v iewpoin t  of h e a t  ba l ance  and oxygen ba l ance  i n  
t h e  f i r s t  blowing (shown i n  F i g u r e  7) t h e  fo l l owing  equa t ions  

Heat bolance 

Sensibie heat of hot metal Sensible heat d molten steel 

Latent heat of hot metal Decunpositim heat of fluxes 8 
coolants 

Decarburization heat Furnace heat 

Furnace heat Others 

Oxyqen balance 

Oxygen consumed for Si oxidotion 
Blown oxygen 

decarburization 
Oxygen from fluxes 8 
coolant Others 

F i rs t  blowing I 
Heat balance 

Sensible heal of molten steel 
Sensible heot of molten 

steel D m p o s i t i o n  heat of fluxes 8 

Decorbur izotion heat 2nd blowing coolants 

Furnoce heat 

Furnoce heat 
Others 

Oxygen balance 

Blown oxygen Oxygen consumed for 

2nd blowing decarburization 

Oxygen from coolant Others 

1 Second blowing I 
- - 

Figure 7. The hcat and oxygerl balance at the 1st arld 2nd blowir~g. 



for estimation of end-point temperature and the amount of re- 
quired oxygen are used: 

OEST 
1 (C1) = 0STD t AOl (C, ) (2) 

AT1 (C1 ) = Fl (ATHMrASiHM, ACHM) heat volume of hot 
metal 

+ klA(WHM/W) hot metal ratio 

- F2 [A (WFc/W) 1 decomposition heat of 
fluxes and coolants 

+ k2fT (C1 decarburization heat 

Aol (C 1 ) = F3 (ASiHM, ACHM) oxygen for oxidation of 
hot metal composition 

- F4 [A(WFc/Wpig 1 1  oxygen from fluxes and 
coolants 

oxygen for decarburiza- 
t ion 

where 

Fi is linear combination; ki, constants; 

TyST (cl , the estimated value of 1 st end-point 
temperature (OC) ; 

, the standard value of 1st end-point temperature 
(OC) ; 

ATHM , the deviation from standard temperature of 
hot metal (OC) ; 

ASiHM , the deviation from standard silicon content of 
hot metal (96) ; 

ACHM , the deviation from standard carbon content of 
hot metal (X) ; 

A(MHM/W), the deviation from standard hot metal ratio (X); 

A(WFC/W), the deviation from standard fluxes and coolants 
ratio (FC is burnt lime, limestone, and mill 
scale) ( $ 1 ;  



oEST(C ) ,  t h e  e s t i m a t e d  v a l u e  of  r e q u i r e d  oxygen amount i n  1  
1 s t  blowing (Nrn3/t of p i g )  ; 

OSTD , t h e  s t a n d a r d  v a l u e  of  r e q u i r e d  oxygen amount i n  
I s t  blowing ( N m 3 / t  of p i g )  ; 

w , t h e  t o t a l  amount o f  raw m a t e r i a l s  ( t ) ;  and 

W 
p i g  ' t h e  amount of h o t  me t a l  ( t)  . 

fT (C1)  and f o ( C 1 )  a r e  g iven  by t h e  c u r v e s  i n  F i g u r e  8 and 

F i g u r e  9 r e s p e c t i v e l y ,  which a r e  c o n s t r u c t e d  by d a t a  a n a l y s i s  o f  
a c t u a l  h e a t s .  

A s  shown i n  F i g u r e  10, t h e  computer c a l c u l a t e s  t h e  amount o f  
oxygen O1  and t h e  amount of f l u x e s  and c o o l a n t s  WFC which s a t i s f y  

t h e  f o l l o w i n g  f o u r  c o n d i t i o n s :  

EST AIM - Heat ba l ance :  T:IM = T1 (C1 ) + ET1 , 

EST AIM - Oxygen ba lance :  0 = y1 (C1 ) + E~~ , 1  

- B a s i c i t y  ba l ance ,  and t h e  

- R e s t r i c t i o n  c o n d i t i o n  on f l u x e s  and c o o l a n t s .  

T:'~ and c:IM a r e  t h e  aimed f i r s t  end-poin t  t empe ra tu r e  and 

ca rbon  c o n t e n t  r e s p e c t i v e l y .  and E ~ ,  a r e  feedback  t e r m s  

which a r e  c a l c u l a t e d  a s  f o l l o w s  from t h e  a c t u a l  d a t a  of p r eced ing  
h e a t s  and c l a s s i f i e d  i n t o  s e v e r a l  g roups :  

where AT1 and AO1 a r e  t h e  e s t i m a t i o n  e r r o r s  o f  Equa t ions  (1 )  

and ( 2 )  r e s p e c t i v e l y .  

F i g u r e  11 shows t h e  r e s u l t s  o f  a p p l i c a t i o n  of t h i s  n o d e l  t o  
a c t u a l  o p e r a t i o n .  It i s  known from t h e  f i g u r e  t h a t  amount o f  
s c a t t e r  of t h e  f i r s t  end-poin t  ca rbon  c o n t e n t  and of  t h e  f i r s t  
end-poin t  t empe ra tu r e  has dec rea sed .  
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Alrn 1st endpoint carbon cmtent (%) Aim 1st endpoint temperature ('c) 

Figure 11. The result of practical application of the charge control model. 

Second Blowing C o n t r o l  Model 

From t h e  v i e w p o i n t  o f  h e a t  b a l a n c e  and oxygen b a l a n c e  i n  
t h e  second blowing (shown i n  F i g u r e  7 )  t h e  f o l l o w i n g  e q u a t i o n s  
f o r  e s t i m a t i o n  o f  t h e  end-po in t  t e m p e r a t u r e  and t h e  amount o f  
r e q u i r e d  oxygen i n  second blowing a r e  u s e d .  

+ k1gT(C2,C1) d e c a r b u r i z a t i o n  h e a t  

-GI  (WFC2/wST) d e c o m p o s i t i o n  h e a t  o f  f l u x e s  
and c o o l a n t s  

- a2  (TI - T S ~ ~ )  - k 3  h e a t  l o s s  ( 3 )  

o : ~ ~ ( c ~ )  = Z4g0(C2,C1) oxygenfordecarburization 

-G2 (WFC2/WST) oxygen from f l u x e s  E 
c o o l a n t s  (4  



where 

Gi i s  l i n e a r  combina t ion ;  R: c o n s t a n t s ;  
I' 

T ; ' ~ ( c ~ )  , t h e  e s t i m a t e d  v a l u e  o f  e n d - p o i n t  t e m p e r a t u r e  ( O C )  ; 

T1 t h e  1  s t  end-po in t  t e m p e r a t u r e  ( O C )  ; 

T Y D  , t h e  s t a n d a r d  v a l u e  o f  1 s t  e n d - p o i n t  t e m p e r a t u r e  
( O C )  ; 

'FC, t h e  amount of  f l u x e s  and c o o l a n t s  i n  t h e  2nd 
blowing (FC i s  b u r n t  l i m e  and m i l l  s c a l e )  ( t )  ; 

'ST ' t h e  amount o f  mol ten  s teel  c a l c u l a t e d  from 
amounts of  raw m a t e r i a l s ;  

o ; ~ ~ ( c ~ )  , t h e  e s t i m a t e d  v a l u e  ( a t  OOC)  of  r e q u i r e d  oxygen 
i n  t h e  2nd blowing ( ~ m 3 / t )  ; and 

gT (C2 ,C1 ) and go (C2 , C ) a r e  g i v e n  by t h e  c u r v e s  i n  F i g u r e  12 1  
and F i g u r e  13 ,  c o n s t r u c t e d  by d a t a  a n a l y s i s  of  a c t u a l  h e a t s .  

As shown i n  F i g u r e  14,  t h e  computer  c a l c u l a t e s  t h e  amount 
of oxygen O 2  and of  f l u x e s  and c o o l a n t s  WFC2 t h a t  s a t i s f i e s  t h e  

f o l l o w i n g  t h r e e  c o n d i t i o n s  f o r  t h e  aimed end-po in t  t e m p e r a t u r e  

T;IM and c a r b o n  c o n t e n t  

- Heat b a l a n c e :  T;IM = EST AIM) + 

T2 (C2 T2 ' 

- Oxygen b a l a n c e :  oEST AIM) + 

O2 = 2 (C2 02 and 

- R a t i o  o f  f l u x e s  t o  c o o l a n t s :  
W burnt lime 2 /W scale = k.  

F i g u r e  15 shows t h e  r e s u l t s  o f  a p p l i c a t i o n  of  t h i s  model 
t o  a c t u a l  o p e r a t i o n .  I t  i s  found t h a t  t h e  scatter o f  b o t h  end- 
p o i n t  t e m p e r a t u r e  and c a r b o n  c o n t e n t  h a s  d e c r e a s e d .  

S t e e l  Composi t ion C o n t r o l  Model 

The model shown i n  F i g u r e  16 h a s  been d e v e l o p e d .  E s t i m a t i o n  
o f  s tee l  c o m p o s i t i o n  i n  t h e  l a d l e  i s  d i f f i c u l t  b e c a u s e  of  t h e  
v a r i a t i o n  of  oxygen d e n s i t y  i n  m o l t e n  s t e e l .  However, a  s i m p l e  
b u t  a c c u r a t e  e q u a t i o n  f o r  t h e  e s t i m a t i o n  o f  c o n t e n t  o f  t h e  f o u r  
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a l l o y i n g  e l e m e n t s ,  c a r b o n ,  s i l i c o n ,  manganese, and aluminum, 
have  been o b t a i n e d  by a n a l y z i n g  many a c t u a l  d a t a .  

The computer c a l c u l a t e s  t h e  amount o f  c a r b o n  powder and 
f e r r o a l l o y s  t o  be charged  a c c o r d i n g  t o  t h e  f o l l o w i n g  r u l e s  f o r  
good h i t t i n g  r a t e  and minimum f e r r o a l l o y s  c o s t :  

- When c a r b o n  c o n t e n t  h a s  t o  be i n c r e a s e d  g r e a t l y ,  t h e  high-  
ca rbon  ferromanganese i s  used p r e f e r e n t i a l l y  because  i t s  
y i e l d  i s  s t a b l e  and t h e  amount of c a r b o n  powder i s  re- 
s t r a i n e d .  

- Otherwise ,  a  s o l u t i o n  is  found t o  minimize t h e  c o s t  o f  
f e r r o a l l o y s .  

A s  shown i n  Tab le  2 ,  t h e  h i t t i n g  r a t e  o f  a l l  f o u r  a l l o y i n g  e l e -  
ments  i s  i n c r e a s e d .  

Tab le  2.  H i t t i n g  r a t e  of  s t e e l  c o m p o s i t i o n .  

DYNAMIC END-POINT CONTROL MODEL AT THE NO. 3 STEEL PLANT 

Computer System 

Aluminum 

- +o.015% 

mO% 

90% 

Three  160 t c o n v e r t e r s  a r e  i n s t a l l e d  a t  No. 3 S t e e l  P l a n t  
where low-carbon rimmed s t e e l  and s e m i - k i l l e d  s t e e l  a r e  m e l t e d .  
The l a y o u t  i s  shown i n  F i g u r e  1 7 .  L ike  t h e  No. 1 S t e e l  P l a n t ,  
o n - l i n e  t e r m i n a l s  of t h e  computer sys tems  have been p r o v i d e d  a t  
e v e r y  p u l p i t .  

Manganese 

+o. 10% - 
(when aimed 
manganese 
- <130%) 
- TO.l5% 
(when aimed 
manganese 
>1.31%) - - 

98% 

91% 

S i l i c o n  

+O. 04% - 

mO% 

93% 

Carbon 

+0.02% 
(when aimed carbon 
<0.50 ) 

;0.03% 
(when aimed carbon 
>O. 51%) - - 

91% 

86% 

Permitted range of  
s t e e l  composition 

H i t t i n g  
Rate 

With model 

Without 
model 



No 3 Steel Plant 

1 .  Computer Room 4 Main P u l p i t  

2 .  Hot Metal  P u l p i t  5. Tap S i d e  P u l p i t  

3 .  S c r a p  P u l p i t  6 .  Teeming P u l p i t  

Figure 17. Layout of No. 3 Steel Plant in the Wakayama Steel Works. 

At f i r s t ,  t h e  dynamic e n d - p o i n t  c o n t r o l  model based  on t h e  
J and L model was deve loped ,  which c o n s i s t s  o f  e s t i m a t i n g  t h e  
c a r b o n  c o n t e n t  of  mol ten  m e t a l  and c a l c u l a t i n g  t h e  r e q u i r e d  
amount o f  oxygen and c o o l a n t  from b o t h  t h e  d e c a r b u r i z a t i o n  r a t e  
o b t a i n e d  by a n  e x h a u s t  g a s  a n a l y z i n g  d e v i c e  and t h e  t e m p e r a t u r e  
measured by bomb thermocouple .  But it  was found t h a t ,  a s  t h e  
d e c a r b u r i z a t i o n  r a t e  i s  i n f l u e n c e d  by t h e  blowing c o n d i t i o n ,  
t h i s  end-po in t  c o n t r o l  model c a n n o t  b r i n g  a b o u t  a  s u f f i c i e n t l y  
good h i t t i n g  r a t e .  

Then s u b l a n c e  equipment was i n s t a l l e d  a t  one  o f  t h r e e  con- 
v e r t e r s  i n  No. 3 S t e e l  P l a n t  and a  new dynamic end-po in t  c o n t r o l  
model t a k i n g  advan tage  o f  b o t h  a n  e x h a u s t  g a s  a n a l y z i n g  d e v i c e  
and s u b l a n c e  equipment  was deve loped .  The sys tem i s  shown 
s c h e m a t i c a l l y  i n  F i g u r e  18. 
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Figure 18. Diagram of the endpoint control system at No. 3 Steel Plant. 

S u b l a n c e  Equipment 

A s  shown i n  F i g u r e  1 9 ,  t h e  s u b l a n c e  equipment  c o n s i s t s  o f  
t h e  s u b l a n c e ,  t h e  a u t o m a t i c  p robe  f e e d i n g ,  s e t t i n g ,  and wi th -  
d rawing  a p p a r a t u s ,  and t h e  sample  c u t t i n g  and t r a n s p o r t i n g  
mechanism. The measurement o f  mol ten  steel  t e m p e r a t u r e ,  q u i c k  
a n a l y s i s  o f  c a r b o n  c o n t e n t ,  and t r a n s p o r t  o f  t h e  sample  t o  t h e  
c h e m i s t r y  l a b o r a t o r y  a r e  c a r r i e d  o u t  a u t o m a t i c a l l y .  



Figure 19. Outline of the sublance equipment. 

Automatic Probe Feeding, Setting, and Withdrawing Apparatus 

This is the mechanism that attaches the probe to the sublance 
to measure the carbon content and temperature. It has five 
portions. The outline is illustrated in Figure 19 and the se- 
quence of operation of the automatic probe feeding, setting, 
and withdrawing apparatus is shown in Table 3. The automatic 
opening-and-closing cover of the sublance hole is to protect 
the automatic probe feeding, setting, and withdrawing apparatus 
from the heat radiated out of the furnace, except for the period 
when the sublance is in the furnace. The apparatus requires 
about 75 s from feeding to withdrawing as shown in Table 4. 



Table 3. Sequence of movement of automatic probe feeding, 
setting, and withdrawing mechanism. 

Three types of probes (each type accomodates as many as 25) are put in the 
banker. The selected probe is dropped on the probe-transfering mechanism. 

Erect device in order to set probe to holder of sublance. 

Sublance proper goes down to set probe. 

Push up only grasping mechanism to set probe perfectly. 

Cut probe by saw to withdraw sample. 



Table 4. Time required for sublance measurement. 

Swing-Stopping Mechanism 

The sublance is raised up at a velocity of 150 m/min after 
measurement, and stopped by the probe withdrawing mechanism. 
But if the sublance swings severely at this time, the probe 
withdrawing mechanism fails in grasping the probe. Consequently, 
the swing-stopping mechanism has been set up in order to stop its 
swing and take away the steel attached to the sublance. This 
mechanism presses the sublance from both sides with rollers 
sufficiently to attain this purpose. 

Prepara t ion  

From s torage  banker 
t o  probe e r e c t i n g  
and grasping device 

Erect ing of 
mechanism 

Descending of sub- 
l ance  ( t o  probe 
a t t a c h i n g  p o s i t i o n )  

S e t t i n g  mechanism t o  
h o r i z o n t a l  p o s i t i o n  

Tota l  

Automatic Sample Cutting and Transferring Mechanism 

Time 
R'qd 

(s) 

8 

6 

8 

2 2 

The sample dropped into the recovery box through the recovery 
shoot is still in the probe; the automatic sample cutting and 
transferring mechanism takes the sample out of that probe and 
puts it into the air shooter. Results of analysis of the sample 
are obtained automatically. The sequence of operation of the 
automatic sample cutting and transferring mechanism is shown in 
Table 5. 

Time I Withdrawing 
and Cutt ing 

Turning of  
withdrawing 
arm 

Ascending of 
sublance (from 
withdrawing 
p o s i t i o n  t o  
i n i t i a l  p o s i t i o n  

Turning of grasp-- 
ing probe f o r  
c u t t i n g  

Cutt ing of 
sample 

Returning of 
withdrawing arm 

Returning of 
grasping arm 

R'ud 
(s) 

10 

5 

5 

5 

I 
25 

Time 
R'qd 
(s) 

2 

5 

2 

15 

2 

2 

28 

Measurement 

Descending of  
sublance 

Stopping of sub- 
l ance  ( f o r  
measurement) 

Ascending of 
sublance 



T a b l e  5. Sequence of  movement o f  sample  t r a n s p o r t i n g .  

Measurement 

Item 

From automatic probe feeding 
setting and withdrawing device 

+ 
Sample-pushing 

+ 
Sample-cutting 

+ 
Sample-leaning 

+ 
Sample-inserting 

+ 
To analysis center 

Carbon c o n t e n t ,  t e m p e r a t u r e ,  and a c t i v e  oxygen c o n t e n t  c a n  
b e  measured by one  p robe .  The s u r f a c e  l e v e l  o f  t h e  m o l t e n  m e t a l  
i s  measured by t h i s  s u b l a n c e  f o r  t h e  purpose  of  a r r a n g i n g  t h e  
blowing c o n d i t i o n s  and o f  m o n i t o r i n g  e r o s i o n  o f  t h e  l i n i n g .  I n  
a d d i t i o n ,  we a r e  go ing  t o  exper iment  on measur ing  s l a g  f o r m a t i o n  
d u r i n g  blowing.  

Content 

Push probe frcm sample 
shoot to cutting part. 

Cut probe for taking out 
sample of probe. 

Lean probe for dropping 
sample only from probe. 

Insert sample to air shooter 
for transporting it to analy- 
sis center. 

Dynamic End-Point C o n t r o l  Model 

An o u t l i n e  of t h e  model i s  shown i n  F i g u r e  2 0 .  The computer 
c a l c u l a t e s  t h e  d e c a r b u r i z a t i o n  r a t e  @ = dC/dO e v e r y  5 s w i t h  
e x h a u s t  g a s  a n a l y s i s  and from i t s  t r e n d  d e t e r m i n e s  t h e  maximum 
d e c a r b u r i z a t i o n  r a t e  a .  The t r e n d  i s  a l s o  d i s p l a y e d  on  a  CRT. 
The t i m i n g  o f  s u b l a n c e  measurement is d e t e r m i n e d  from t h e  mean 
v a l u e  o f  t h e  amount of  oxygen consumed i n  p r e c e d i n g  h e a t s  hav ing  
s i m i l a r  maximum d e c a r b u r i z a t i o n  r a t e  and /or  by t h e  r e q u i r e d  
amount o f  oxygen c a l c u l a t e d  w i t h  t h e  c h a r g e  c o n t r o l  model.  

From t h e  t e m p e r a t u r e  Ts and t h e  c a r b o n  c o n t e n t  Cs measured 

by t h e  s u b l a n c e  and t h e  d e c a r b u r i z a t i o n  r a t e  up t o  t h i s  moment, 
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t h e  pa r ame te r s  a ,  8 ,  and y of t h e  fo l l owing  e q u a t i o n  f o r  f o r e -  
c a s t i n g  t h e  d e c a r b u r i z a t i o n  r a t e  a r e  de te rmined:  

where C i s  t h e  carbon  c o n t e n t  of mol ten  s t e e l .  The nece s sa ry  
amount of oxvgen Oc t o  meet t h e  aimed carbon c o n t e n t  i s  a l s o  

found from t h i s  equa t i on .  

From t h e  fo l l owing  equa t i on  f o r  e s t i m a t i o n  of  t empe ra tu r e  
r ise r a t e ,  A = dT/dO, t h e  amount of oxygen OT t o  meet t h e  aimed 

t empe ra tu r e  i s  c a l c u l a t e d :  

where a l  and a 2  a r e  c o n s t a n t s .  

F i n a l l y  t h e  amount o f  oxygen Os and t h e  amount of c o o l a n t  

Wcool  t o  be charged  f o r  end-poin t  c o n t r o l  a r e  c a l c u l a t e d  under  

t h e  fo l l owing  r u l e s  and d i s p l a y e d  on t h e  g r a p h i c  CRT. 

I f  0, 2 OT, t h e n  0, = Oc, Wcool = k(AOc - AOT) X . 
I f  Oc < OT, t h e n  Os = OT, Wcool = O  . 

R e s u l t  o f  Dynamic End-Point Con t ro l  Using t h e  Sublance  

Success  Ra t e  of Carbon Sensor  

S ince  t h e  sub l ance  equipment was i n s t a l l e d  i n  A p r i l  1975, 
t h e r e  have been t r o u b l e s  w i t h  t h e  carbon  s e n s o r .  Consequent ly  
many k i n d s  o f  ca rbon  s e n s o r s  were t e s t e d  and improvements were 
made t o  it,  f o r  i n s t a n c e  t o  i t s  shape ,  i n l e t  h o l e ,  and s o  on.  
A s  a  r e s u l t ,  a  s u c c e s s  r a t e  o f  measurement d u r i n g  blow of  more 
t han  95 p e r c e n t  ha s  been ach ieved  ( i n  c a s e  of  measurement a f t e r  
blow, t h e  r a t e  i s  100 p e r c e n t ) .  The s u c c e s s  r a t e  of t empe ra tu r e  
measurement has  been a lmos t  100 p e r c e n t .  

R e s u l t  of End-Point Con t ro l  

S e v e r a l  months were taken  t o  improve t h e  carbon  s e n s o r ,  and 
t hen  f u l l  on - l i ne  c o n t r o l  w i th  t h e  u s e  of t h e  sub l ance  began i n  
December 1975. The r e s u l t  of u s ing  t h e  sub l ance  i s  shown i n  
F i g u r e  21. The h i t t i n g  r a t e  ha s  i n c r e a s e d  i n  p r o p o r t i o n  t o  t h e  
sub l ance  o p e r a t i o n .  
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, Rate  of  o p e r a t i o n  u s ing  s u b l a n c e  
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@-@ , H i t t i n g  r a t e  w i t h  t h e  model 

, H i t t i n g  r a t e  w i thou t  t h e  model 
(Carbon 5 0 . 0 2 8  Temperature  5 7 C )  

Figure 21. Result of dynamic endpoint control model at 
No. 3 Steel Plant. 

No Turn Down Ope ra t i on  

For  more t h a n  90  p e r c e n t  of h e a t s ,  t h e  sub l ance  equipment 
i s  a p p l i e d  t o  bo th  measuring t empe ra tu r e  and sampling mol ten  
m e t a l  a f t e r  t h e  blowing w i th  no t u r n  down o p e r a t i o n .    his no 
t u r n  down o p e r a t i o n  ha s  t h e  g r e a t  advantage  of  ex t end ing  t h e  
l i f e t i m e  of t h e  f u r n a c e ,  s av ing  l a b o r ,  and i n c r e a s i n g  p roduc t i on .  
Because of t h e s e  e x c e l l e n t  r e s u l t s ,  w e  a r e  p l ann ing  t o  i n s t a l l  
sub l ance  equipment a t  o t h e r  c o n v e r t e r s .  

W e  a r e  go ing  t o  t r y  t o  measure s l a g  fo rma t ion  du r ing  blow- 
i n g  w i t h  t h i s  sub l ance ,  t o  t r y  t o  a ch i eve  s t a b l e  blowing.  



CONCLUSION 

The c o n t r o l  models of t h e  No. 1 S t e e l  P l a n t  have been 
in t roduced .  These have been a p p l i e d  i n  t h e  o t h e r  two s t e e l  
p l a n t s  t o o ,  and have inc reased  t h e  s u c c e s s f u l  h i t t i n g  r a t e  of 
end-point  tempera ture ,  carbon c o n t e n t ,  and s t e e l  composi t ion i n  
t h e  l a d l e .  The dynamic end-point  c o n t r o l  model, wi th  t h e  u se  
of bo th  sublance  equipment and an exhaus t  g a s  ana lyz ing  d e v i c e ,  
ha s  been a p p l i e d  t o  one of t h e  t h r e e  c o n v e r t e r s  a t  t h e  No. 3 
S t e e l  P l a n t  and t h e  h i t t i n g  r a t e  has  i nc reased  remarkably.  
Thus a p p l i c a t i o n  of t h e  computer t o  end-point  c o n t r o l  i s  e f f e c -  
t i v e .  

However, a s  t h e  fo l lowing  problems a r e  s t i l l  l e f t  unreso lved ,  
we b e l i e v e  t h a t  c o n t r o l  du r ing  t h e  cou r se  of blowing i s  neces sa ry :  

- It  i s  o f t e n  necessary  f o r  a  second blowing d i s r e g a r d i n g  
t h e  aimed end-point  carbon c o n t e n t  because of i n s u f f i c i e n t  
dephosphor iza t ion  a t  t h e  f i r s t  blowing. 

- Slopping o f t e n  causes  l o s s  of a  l a r g e  amount of molten 
s t e e l .  

- Excessive s l a g  format ion  a t  t apping  o f t e n  makes t h e  s t e e l  
composi t ion c o n t r o l  d i f f i c u l t .  

We a r e  cons ide r ing  apply ing  t h e  computer t o  t h e  c o n t r o l  of 
l a n c e  h e i g h t  and au tomat ic  cha rg ing  of f l u x e s  and c o o l a n t s  s o  
t h a t  o p e r a t i n g  c o n d i t i o n s  oan be modif ied t o  minimize t h e s e  d i f -  
f i c u l t i e s .  I n  a d d i t i o n ,  a  s enso r  f o r  d i r e c t  measurement of t h e  
s l a g  format ion  du r ing  blowing should be developed.  Then computer 
a p p l i c a t i o n  t o  b a s i c  oxygen fu rnace  (BOF) c o n t r o l  w i l l  become 
even more e f f e c t i v e .  



Discus s ion  

A number o f  q u e s t i o n s  w e r e  r a i s e d  conce rn ing  t h e  measurement 
o f  t empe ra tu r e ,  ca rbon  c o n t e n t ,  and " a c t i v e  oxygen". One p a r t i -  
c i p a n t  s t a t e d  t h a t  Sumitomo Meta l  I n d u s t r i e s  h a s  deve loped  
t e c h n i q u e s  f o r  measuring a l l  t h r e e  pa r ame te r s  from one sample. 
I n  e ach  v e s s e l  t h e r e  i s  o n l y  one sub l ance  which measures  temper- 
a t u r e  and carbon  c o n t e n t .  The measurement of a c t i v e  oxygen i s  
n o t  o p e r a t i n g  1 0 0  p e r c e n t .  The sub l ance  method i s  used t o g e t h e r  
w i t h  a s t a t i c  model. 

Regarding t h e  g e n e r a l  system a r c h i t e c t u r e ,  it was s t a t e d  
t h a t  a two- leve l  concept  h a s  been implemented a t  t h e  p l a n t  l e v e l ,  
and a t h r e e - l e v e l  one f o r  t h e  c o r p o r a t i o n  a s  a whole. 

The p sycho log i ca l  a s p e c t s  o f  computer a p p l i c a t i o n  w e r e  a l s o  
d i s c u s s e d .  The p a r t i c i p a n t s  s t r e s s e d  t h e  d i f f i c u l t i e s  encounte red  
by pe r sonne l  i n  suddenly c o n v e r t i n g  from manual t o  computer ized  
sys tems .  About t h r e e  t o  f o u r  months a r e  needed by o p e r a t o r s  t o  
a d j u s t  t o  t h e  new t e c h n i q u e s .  



A S t a n d a r d  Communication Subsystem 

For  S t e e l w o r k  ~ p p l i c a t i o n  

R .  O b e r p a r l e i t e r  

INTRODUCTION 

The p r o c e s s  computer sys tem i n  V O E S T - A ~ ~ ~ ~ ~  i s  h e t e r o g e n e o u s .  
The method of d i r e c t  c o u p l i n g  of compute r s  r e s u l t s  w i t h  growing 
a u t o m a t i o n  i n  a  t o t a l  sys tem t h a t  i s  d i f f i c u l t  t o  change .  Near- 
l y  e v e r y  computer  c o n n e c t i o n  i s  s p e c i a l  e i t h e r  i n  t h e  hardware  
o r  t h e  s o f t w a r e .  So, i n  1974 w e  s t a r t e d  a n  i n v e s t i g a t i o n  i n t o  
t h e  i n t r o d u c t i o n  o f  a  s t a n d a r d  d a t a  communication sys tem.  

I n  o u r  company t h e r e  i s  v e r y  l i t t l e  i n t e r a c t i o n  between t h e  
d i f f e r e n t  p l a n t s .  M a t e r i a l  b u f f e r s  a r e  used between t h e  p l a n t s ,  
s o  t h a t  s h o r t - t e r m  t r o u b l e s  i n  one  p l a n t  have  no impac t  on o t h e r  
p l a n t s .  The c o n s e q u e n t  h i g h  r e l i a b i l i t y  o f  t h e  p r o d u c t i o n  s y s -  
t e m  c a n n o t  be a l lowed  t o  b e  d e s t r o y e d  by a  poor  d a t a  communica- 
t i o n  sys tem.  So w e  have d e c i d e d  t o  t a k e  a  s y s t e m  w i t h  d i s t r i b -  
u t e d  c o n t r o l  and d i s t r i b u t e d  i n t e l l i g e n c e - - d i s t r i b u t e d  c o n t r o l  
f o r  h i g h  r e l i a b i l i t y  o f  t h e  t o t a l  sys tem,  d i s t r i b u t e d  i n t e l l i -  
gence  f o r  e a s y  c o n n e c t i o n  o f  p r o c e s s  compute r s  t o  t h e  ne twork .  
W e  have d i s c a r d e d  t h e  u s e  o f  mass - s to rage  i n  t h e  d a t a  network 
f o r  i n c r e a s e d  r e l i a b i l i t y .  The b e s t  s o l u t i o n  seemed t o  b e  a  
p a c k e t  s w i t c h i n g  s y s t e m  w i t h  a d a p t i v e  r o u t i n g .  Only t h e  p r i c e  
o f  s u c h  a  s y s t e m  was i n  d o u b t .  An i n v e s t i g a t i o n  h a s  shown t h a t  
t h e  c a p i t a l  c o s t  w i l l  b e  r e l a t i v e l y  h i g h ,  b u t  t h e  c o n n e c t i o n  o f  
t h e  p r o c e s s  compute r s  t o  t h e  network w i l l  be  c h e a p ,  because  e a c h  
computer  needs  o n l y  one  d a t a l i n k .  So t h e  c o s t s  f o r  t h e  network 
s o l u t i o n  grow l i n e a r l y  w i t h  t h e  number o f  computer  c o n n e c t i o n s  
a f t e r  t h e  c a p i t a l  i n v e s t m e n t .  The c o s t  f o r  d i r e c t  c o u p l i n g  o f  
compute r s  grows by n e a r l y  t h e  s q u a r e  o f  t h e  number o f  compute r s .  
The break-even p o i n t  i s  between 10 and 15 p r o c e s s  compute r s .  

Looking f o r  s u c h  a  sys tem,  w e  found t h a t  DECNET, announced 
by t h e  D i g i t a l  Equipment C o r p o r a t i o n ,  s h o u l d  f u l f i l l  a l l  o u r  
r e q u i r e m e n t s  and w e  s t a r t e d  a  p i l o t  p r o j e c t  w i t h  it .  

DECNET 
-? 

We s h o u l d  d i s t i n g u i s h  between t h e  p r o c e s s  computer  sys tem 
and t h e  d a t a - t r a n s f e r  sys tem.  P r o c e s s  compute r s  a r e - - a s  ment ioned 
a b o v e - - d i f f e r e n t  sys tems  o n  d i f f e r e n t  t y p e s  o f  compute r s .  The 
d a t a - t r a n s f e r  sys tem i s  homogeneous (PDP11-RSX11-DECNET, F i g u r e  
1 ) .  I n  DECNET t h r e e  p r o t o c o l s  a r e  o f  i n t e r e s t .  The p r o t o c o l  
DDCMP p e r m i t s  e r r o r  c o n t r o l  on p h y s i c a l  l i n k s .  The p r o t o c o l  NSP 
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Figure 1 .  DECNET - hierarchical structure of protocols. 

p e r m i t s  end-end c o n t r o l  between two t a s k s  on d i f f e r e n t  compute rs .  
The t h i r d  p r o t o c o l  DAP, i s  f o r  remote f i l e  c o n t r o l .  The f i r s t  
two p r o t o c o l s  a r e  a b s o l u t e l y  n e c e s s a r y .  With DDCMP t h e  p r o c e s s -  
compute rs  c a n  be connec ted  e r r o r - f r e e  t o  t h e  n e t .  NSP g r a n t s  
f l o w  c o n t r o l  and end-end c o n t r o l  between two t a s k s  on d i f f e r e n t  
p rocess -compute rs  o v e r  t h e  network.  To u s e  DAP one  computer 
needs  knowledge a b o u t  t h e  o t h e r  system and t h a t  p roduces  a v e r y  
s t r o n g  c o u p l i n g  of  t h e  sys tems .  



VAS - 

Instead of DAP, we have defined a new protocol, VAS (VOEST- 
Alpine Standardprotocol, Table 1 ) .  It contains all the elements 
necessary for end-end control with NSP as the lower level proto- 
col. The devices and data files are given logical names. The 
association to physical names is made by the addressed system. 
So each system has exclusive control of its resources. The 
elements of VAS correspond to elements of NSP. This gives an 
additional level of end-end control and flow-control for mass 
storage and devices (Figure 2). Because the implementation of 
NSP and DDCMP in an operating system is problematic, we have 
expanded VAS so that we can use it as a front end protocol to 
DECNET in a non-DECNET system (Figure 3). The usage of NSP- 
elements in VAS is very simply defined. Our goal was a simple 
protocol, easy to implement in a different system. 

Table 1. VAS-protocol elements. 

ZUGRIFF Corresponding t o  NSP-connect 
Parameters : t r ansmi t  message 

r e c e i v e  message 
t ransmi t  d i r e c t o r y  
VAS send and rece ive  channel 

DATENMESSAGE 

STATUS 

FEHLER 

Corresponding t o  NSP-transmit 
Parameters: end of d a t a  i n d i c a t o r  

VAS send and rece ive  channel 
d a t a  (1 l i n e )  

Corresponding t o  NSP-answer f o r  connect and t o  
NSP s t a t u s  ( rece ive)  
Parameters: ZUGRIFF-positive o r  negat ive p a r i t y  

e r r o r  
t r a n s f e r  p o s i t i v e  o r  negat ive 
VAS send and rece ive  channel 

Corresponding t o  NSP error-message 
Parameters: e r r o r  code 

VAS send and rece ive  channel 

VAS only works with t h e  s tandard message format. The messages a r e  
segmented i n t o  l i n e s  and t r a n s f e r r e d  l i n e  by l i n e .  The l a s t  l i n e  i s  
terminated by "$". 
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Figure 2. VAS in a homogeneous DECNET system. 

. A 4  
process computer 1 

b P  
network process computer 2 

Figure 3.  VAS front-rnd protorol in a non-DECNET systcm. 



Data Format 

W e  have d e f i n e d  a  s t a n d a r d  format  f o r  Data ( F i g u r e  4 ) .  
A l l  d a t a  t r a n s f e r r e d  v i a  t h e  n e t  have t o  u se  t h i s  f o rma t .  The 
g o a l  was t o  have t h e  same ve ry  l o o s e  connec t i on  a t  t h e  p r o c e s s  
l e v e l  a s  w i t h  t h e  h e l p  of  VAS a t  t h e  d a t a  t r a n s f e r  l e v e l .  Only 
a lphanumer ic  ASCII c h a r a c t e r s  a r e  a l l owed ,  w i t h  a  f i x e d  l i n e  
l e n g t h  ( 7 2  c h a r a c t e r s )  and a  v a r i a b l e  number of l i n e s .  A l l  
l i n e s  have t h e  same d i v i s i o n  i n t o  f i e l d s  o f  f i x e d  l e n g t h .  The 
f i e l d s  c an  b e  combined i n  d e f i n e d  ways. I n  t h e  f i r s t  l i n e  i s  
t h e  key- informat ion  of  t h e  message--defined f o r  a l l  messages i n  
t h e  p l a n t .  Each va lue  i n  t h e  d a t a  f i e l d s  i s  accompanied by i t s  
name. So t h e  whole i n fo rma t ion  a b o u t  t h e  message i s  i n  t h e  mes- 
s a g e  and n o t ,  a s  i s  more u s u a l ,  p a r t l y  i n  t h e  r e c e i v e r  program. 
I n  t h e  l a t t e r  c a s e ,  it is  neces sa ry  w i t h  growing au tomat ion  o r  
when changing a  computer i n s t a l l a t i o n  t o  a d a p t  t h e  r e c e i v e r  
programs i n  t h e  d i f f e r e n t  systems f o r  i n t e g r a t i o n  of  t h e  new 
d a t a .  Our new format  a l l o w s  t h e i r  r e c e i v i n g  and s t o r a g e  w i thou t  
p r e v i o u s  knowledge of t h e i r  c o n t e n t .  

AS LIS3T8 543654 VF SLTB02 770104 0 7 5 6 2 1  RIZZPL 
FE 96 .562  FE203 = 34.76 ~ E 3 0 4  = 6 2 . 1 1  
CAC02 1 7 . 4 4  AL = 0 . 2 2 3 1  $ 8 

Figure 4. Analysis in standard data format. 



S t a t e  of P r o j e c t  

We have i n s t a l l e d  a  d a t a  network node a s  a  p i l o t  p r o j e c t  i n  
o u r  s t ee lwork  LD3 (F igu re  5 ) .  Its e x c l u s i v e  job i s  d a t a  t r a n s f e r  
and i n t e r f a c i n g  t o  p roces s  computers.  For development of programs 
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Figure 5. Pilot project data network for steelworks. 



and downline load of the network node we use a larger system 
running under RSX11M. On both systems VAS is implemented. The 
steelwork computer is a different system (Kent K90). It was 
not possible to integrate NSP into Kg0 so we integrated the 
VAS-front-end protocol in the K90. Two spectrometer computers 
are connected to the data network with interface software in the 
node (it was not possible to change the software in the spectro- 
meter computers). An additional spectrometer computer will be 
delivered this year, also with DECNET + VAS. At the moment it 
is possible to transfer the analysis to all mass-storage devices 
and to devices of all integrated computers. 

Future Outlook 

It is planned to expand the network considerably in the 
future and to include the production scheduling computers and 
commercial data processing machines in it. 



Discuss ion  

S e v e r a l  p a r t i c i p a n t s  po in ted  o u t  t h a t  s t e e l  f i r m s  buy t h e  
p roduc t s  of worldwide so f tware  s u p p l i e r s ,  which have been de- 
s igned  i n  g e n e r a l  t o  f u l f i l l  g e n e r a l  u se r  requi rements  and t o  
p rov ide  communication between computers.  Of ten  t h e s e  products  
a r e  n o t  adequate  f o r  t h e  s t e e l  f i r m s '  purposes.  The f i r m  must 
t hen  modify t h e  sof tware  t o  f i t  i t s  needs.  This  does  n o t  seem 
t o  be  t h e  r i g h t  approach, and it would seem more r e s p o n s i b l e  i f  
t h e  so f tware  packages were i n i t i a l l y  des igned  t o  comply wi th  
u s e r  requi rements .  To do t h i s  r e q u i r e s  a d i a logue  between 
s u p p l i e r  and u s e r .  



P r o d u c t i o n  P l a n n i n g  and C o n t r o l  a t  Domnarvets J e r n v e r k  

K .  Holmberg 

INTRODUCTION 

Domnarvets J e r n v e r k  b e l o n g s  t o  t h e  S t o r a  Kopparbergs  
B e r g s l a g s  AB and i s  t h e  l a r g e s t  s t e e l w o r k  i n  S c a n d i n a v i a  
employing some 5600 p e o p l e .  I n  1975, t h e  c r u d e  steel  produc- 
t i o n  a t  Domnarvet amounted t o  1 .2  m i l l i o n  t .  Domnarvet pro-  
d u c e s  heavy p l a t e ,  medium gauge p l a t e ,  c o l d  r o l l e d  medium gauge 
p l a t e ,  c o l d  r o l l e d  s h e e t ,  g a l v a n i z e d  s h e e t ,  b a r s ,  r a i l s ,  r o d s ,  
s t r i p ,  s e c t i o n ,  and p l a s t i c  c o a t e d  s h e e t .  The p r o d u c t i o n  f low 
a t  t h e  Domnarvet p l a n t  i s  shown i n  F i g u r e  1 .  

Dornnarvet p roduces  steel  i n  t h r e e  Kaldo f u r n a c e s  and seven  
e l e c t r i c  a r c  f u r n a c e s .  Two o f  t h e  Kaldos and two o f  t h e  a r c  
f u r n a c e s  have c a p a c i t i e s  of  80 t o  105 t ,  t h e  remain ing  f u r n a c e s  
have c a p a c i t i e s  o f  25  t o  30 t .  The m e l t  t i m e s  f o r  t h e  Kaldo 
f u r n a c e s  a r e  between 1  and 1.5 h ,  and t h e  t i m e s  f o r  t h e  a r c  
f u r n a c e s  a r e  between 4 and  8  h .  Each c h a r g e  p roduces  3  t o  16 
i n g o t s  depending upon f u r n a c e  c a p a c i t y  and i n g o t  s i z e .  Each 
m e l t  c o n s i s t s  o f  o n l y  one s i n g l e  q u a l i t y .  A f t e r  t eeming ,  t h e  
i n g o t s  a r e  poured,  and coo led  f o r  1  t o  6  h  b e f o r e  s t r i p p i n g ,  
t h e n  s t r i p p e d  and t r a n s p o r t e d  t o  t h e  s o a k i n g  p i t s  where t h e y  
a r e  s t r i p p e d  i n  t h e  pour ing  bay.  Normally,  t h e  i n g o t s  a r e  f e d  
h o t  t o  t h e  s o a k i n g  p i t s ,  and r e q u i r e  an  hour o r  more i n  t h e  
p i t s  t o  n o r m a l i z e  b e f o r e  r o l l i n g .  

There  a r e  two t y p e s  of  i n g o t s  produced,  s q u a r e  i n g o t s  and 
p l a t e  i n g o t s .  The w e i g h t  of  t h e  s q u a r e  i n g o t s  v a r i e s  between 
3  and 8  t ,  and t h a t  o f  p l a t e  i n g o t s  between 6  and 18 t .  Square  
i n g o t s  a r e  r o l l e d  t o  blooms i n  a  blooming m i l l ,  w h i l e  p l a t e  
i n g o t s  a r e  r o l l e d  t o  s l a b s  i n  a  u n i v e r s a l  m i l l .  S l a b s  a r e  
l e f t  t o  c o o l  a f t e r  r o l l i n g  and a r e  c o n d i t i o n e d  b e f o r e  b e i n g  
r o l l e d  i n t o  heavy p l a t e s  o r  wide c o i l s .  Blooms c o n t i n u e  i n  
o n e  of t h r e e  d i r e c t i o n s :  t o  t h e  bloom s h e a r s ,  t h e n  t o  t h e  
bloom y a r d s  f o r  c o n d i t i o n i n g  and i n s p e c t i o n ,  and on t o  t h e  
medium s e c t i o n  m i l l ;  t o  t h e  bloom s h e a r s ,  t h e n  t o  t h e  b i l l e t  
m i l l  f o r  f u r t h e r  r e d u c t i o n ,  t h e n  t o  t h e  b i l l e t  y a r d  f o r  con- 
d i t i o n i n g  and i n s p e c t i o n ,  and f i n a l l y  t o  t h e  f i n e  s e c t i o n  m i l l ;  
o r  t o  t h e  bloom s h e a r s ,  t h e n  t o  a  r e h e a t i n g  f u r n a c e ,  and d i r e c t -  
l y  o n t o  t h e  heavy s e c t i o n  m i l l .  Two c o n t i n u o u s  c a s t i n g  s t r a n d s  
produce s l a b s  d i r e c t l y  f o r  r o l l i n g  i n  t h e  heavy p l a t e  m i l l  and 
i n  t h e  h o t  s t r i p  m i l l .  The i n c r e a s e d  c o n t i n u o u s  c a s t i n g  capac-  
i t y  r e p r e s e n t s  a  v a l u a b l e  s t r e n g t h e n i n g  of  p r o d u c t i o n  r e s o u r c e s .  
I t  i s  one  of t h e  a ims t o  send a s  much m a t e r i a l  a s  p o s s i b l e  
t h r o u g h  t h e  c o n t i n u o u s  c a s t i n g  p l a n t .  The o u t p u t  o f  f i n i s h e d  
r o l l e d  m a t e r i a l  made from c o n t i n u o u s l y  c a s t  s teel  i s  a b o u t  10 





p e r c e n t  h igher  t han  product ion  based on i n g o t s ,  and t h e  univer -  
s a l  r o l l i n g  m i l l  can now be r e l i e v e d  of i n g o t  r o l l i n g  i n  f avo r  
of rough s t r i p  r o l l i n g .  

I n  1968 S t o r a  Kopparberg i n s t a l l e d  a t  Domnarvet a  r e a l -  
t ime informat ion  system (DORIS) composed of a  duplex  System 
360--a System 360 model/40 wi th  128 K memory f o r  ba tch  process-  
i n g ,  and a System 360 model/30 wi th  64 K memory. The System 
360/40 a l s o  served  a s  a  back-up system f o r  t h e  model 30 which, 
i n  t u r n ,  was a  ded ica t ed  system wi th  a  s p e c i a l i z e d  IBM ope ra t -  
i n g  system PCMS (P roces s  Communication Multiprogramming Super- 
v i s o r ) .  The System 360/30 c o n t r o l l e d  an IBM 1070 t e rmina l  ne t -  
work c o n s i s t i n g  of about  15 keyboards, 15 p r i n t e r s ,  5  d i g i t a l  
d i s p l a y s ,  and a l a r g e  number of push b u t t o n s  and s i g n a l  lamps. 
DORIS ope ra t ed  24 h/day, d a i l y .  

I n  1970-1972, S t o r a  Kopparberg i n v e s t i g a t e d  how t o  proceed 
wi th  new i n t e g r a t e d  on - l i ne  a p p l i c a t i o n s  and dec ided  t o  b u i l d  
Domnarvet Informat ion  System (DIS),  a  da t abase ,  d a t a  communica- 
t i o n  system based on g e n e r a l  sof tware .  

I n  1973, t h e  System 360/40 was r ep l aced  by a  System 370/145 
wi th  a  512 K memory. The o p e r a t i n g  system was cbanged from DOS 
t o  OS/VSl and t h e  d a t a  base System DL/1 was implemented. A s  
System 370 i s  compatible  wi th  System 360, t h e  model 145 could 
a l s o  s e r v e  a s  a  back-up system f o r  t h e  model 30. 

I n  1974, t h e  model 145 was expanded t o  1.5 megabyte memory 
and S t o r a  Kopparberg became one of t h e  f i r s t  u s e r s  worldwide t o  
implement IMS/VS. 

I n  1975, a  System 370/158 wi th  1.5 megabyte memory was 
i n s t a l l e d  a s  an  on - l i ne  product ion  system. The model 158 r e -  
p laced  t h e  model 30 and c o n t r o l l e d  both t h e  new IBM 3270 network 
wi th  about  80 t e rmina l s  and t h e  o l d  IBM 1070 network. The con- 
t r o l  of t h e  IBM 1070 network was done v i a  a  IBM system 7 used 
a s  a  f ront -end  concen t r a to r .  Th i s  was t h e  s i m p l e s t  way both  t o  
c r e a t e  program suppor t  f o r  t h e  o l d  IBM 1070 t e r m i n a l s  and t o  
ach i eve  s h o r t  response  t ime f o r  r ea l - t ime  t r a n s a c t i o n s .  

I n  1975, S t o r a  Kopparberg a l s o  implemented remote job  
e n t r y  t o  t h e  model 145 mainly f o r  a p p l i c a t i o n  programming t e s t -  
i ng .  By then  t h e  company was running  t h e  model 158 a s  an  i n f o r -  
mation management system (IMS) on - l i ne  product ion  system 24 h/d, 
a l l  days  and t h e  model 145 a s  an IMS on - l i ne  t e s t i n g  system, 
remote job e n t r y  system, and ba t ch  system. 

THE FORMER DOMNARVET REAL-TIME INFORMATION SYSTEM (DORIS) 

App l i ca t ion  Overview 

DORIS t a c k l e s  s e v e r a l  t ypes  of application w i t h i n  t h e  pro- 
d u c t i o n  a r e a .  For example, m a t e r i a l  r e q u i s i t i o n i n g  c o n v e r t s  



customer o rde r  i t ems  i n t o  m i l l  o r d e r s  f o r  each  type  of semi- 
f i n i s h e d  product ;  f a c i l i t y  s chedu l ing  d e f i n e s  t h e  sequence of 
m i l l  o r d e r s  t h a t  a r e  t o  be processed  on each  f a c i l i t y ;  and 
product ion  r e p o r t i n g  y i e l d s  a c t u a l  product ion  d a t a ,  which a r e  
compared a g a i n s t  p roduct ion  schedules ,  t h u s  enab l ing  p l anne r s  
t o  r e a l l o c a t e  o u t  of s p e c i f i c a t i o n s  m a t e r i a l .  

The fo l lowing  i s  an  example of  t h e  f i r s t  s t a g e  of DORIS 
cover ing  s teelmaking i n  primary m i l l s  and product ion  p lanning .  
Incoming customer o r d e r s  a r e  d iv ided  i n t o  product  t y p e s  and 
s e n t  t o  t h e  r e s p e c t i v e  f i n i s h i n g  m i l l  p lanning  groups ,  where 
t h e y  a r e  worked i n t o  t h e  product ion  schedule  of t h e  f i n i s h i n g  
depar tments .  Th i s  g i v e s  t h e  s l a b / b i l l e t  requi rements  of  t h e  
f i n i s h i n g  m i l l s ,  which a r e  t hen  s e n t  t o  t h e  s t e e l  p l a n t  plan-  
n ing  o f f i c e .  For each s l a b  o r d e r ,  t h e  computer a l l o c a t e s  t h e  
p o s s i b l e  mold types ,  and c a l c u l a t e s  t h e  i n g o t  weights  f o r  t h e s e  
t ypes .  The r e s u l t s  a r e  s t o r e d  i n  t h e  s l a b  o r d e r  r eco rd ,  and 
can  be p r i n t e d  o u t  i n  t h e  p lanning  o f f i c e  on r e q u e s t .  A d a i l y  
p lanning  meeting i s  he ld  a t  which t h e  s l a b  o r d e r  l i s t i n g  i s  
used t o  b u i l d  up t h e  c a s t  requi rement  f o r  t h e  next  48 hours .  

The s h i f t  p l anne r s  dec ide  t h e  sequence of c a s t  p roduct ion  
w i t h i n  t h e  l i m i t a t i o n s  s e t  by t h e  day p l anne r s .  To do t h i s ,  
t hey  can  r e q u e s t  a  p r i n t o u t  of  t h e  c a s t  requi rement  f i l e ,  t o -  
g e t h e r  wi th  c e r t a i n  p l a n t  s t a t u s  p r i n t o u t s .  When t h e  p l anne r  
d e c i d e s  t o  make a  c a s t ,  he keys a  r e f e r e n c e  number t o  t h e  c a s t  
r eco rd  v i a  h i s  keyboard. An o r d e r  f o r  t h i s  fu rnace  i s  then  
p r i n t e d  o u t  on a  1053 t y p e w r i t e r  l o c a t e d  near  t h e  fu rnace .  
The p r i n t o u t  g i v e s  a l l  t h e  necessary  d a t a  a s  t o  t h e  a n a l y s i s ,  
t h e  teeming tempera ture ,  e t c . ,  and t h e  f u r n a c e  crew can now 
s t a r t  p r epa r ing  t h e  new c a s t .  The p l a n n e r s  must a l s o  d e c i d e  
whether t o  a l l o c a t e  t h i s  c a s t  t o  t h e  pouring bay, o r  t o  t h e  
cont inuous  c a s t i n g  p l a n t .  A s  a  h e l p  i n  making t h i s  d e c i s i o n  
they  may r e q u e s t  a  pour ing  bay s t a t u s  l i s t  g i v i n g  t h e  s i t u a t i o n  
f o r  each pouring l o c a t i o n .  

The f u r n a c e  crew r e p o r t s  when they  have s t a r t e d  a  new c a s t .  
The computer system sends  t h i s  message t o  t h e  p l anne r s ,  who may 
check and i n  some c a s e s  a l t e r  t h e  pouring bay o r  t h e  cont inuous  
c a s t i n g  p l a n t  i n s t r u c t i o n .  The fu rnace  crew a l s o  r e p o r t s  when 
t h e r e  i s  a n  e s t ima ted  20 minutes  l e f t  u n t i l  t app ing  t ime ,  and 
they  r e p o r t  when t h e  fu rnace  i s  ready f o r  tapping;  f o r  a r c  
fu rnaces  t h e y  a l s o  r e p o r t  when t h e r e  i s  an e s t ima ted  50 minutes  
l e f t  u n t i l  t app ing .  Th i s  in format ion  is  r e l a y e d  t o  t h e  p l anne r s ,  
who may use  it t o  recons , ider  t h e  c a s t  a l l o c a t i o n ;  it i s  a l s o  
r e l a y e d  t o  t h e  pouring bay, o r  t o  t h e  concas t  p l a n t .  A s  each  
message i s  r e c e i v e d ,  t h e  system c a l c u l a t e s  t h e  expected f u t u r e  
e v e n t  t imes  f o r  t h i s  c a s t  and a l s o  checks  t o  s e e  whether t h e s e  
e v e n t s  a r e  going  t o  produce c o n f l i c t i n g  c r a n e  requi rements ,  i f  
s o  t h e  informat ion  i s  g iven  t o  t h e  p l anne r s  who must dec ide  which 
fu rnace  t o  hold .  

Af t e r  pour ing ,  t h e  pour ing  bay r e p o r t s  t h e  r e s u l t s ,  g i v i n g  
e s t ima ted  weights  f o r  any i n g o t s  t h a t  have n o t  been poured 



a c c o r d i n g  t o  p l a n .  T h i s  i n f o r m a t i o n  i s  r e l a y e d  t o  t h e  p l a n n e r s  
who c a n  now r e a l l o c a t e  t h e  c a s t  o r  some i n g o t s ,  i f  n e c e s s a r y .  
A t  t h i s  t i m e  t h e  p l a n n e r s  must c o n s i d e r  t h e  a l l o c a t i o n  of t h e  
i n g o t s  t o  t h e  soak ing  p i t s .  To a s s i s t  i n  making t h i s  d e c i s i o n ,  
t h e y  c a n  r e q u e s t  a  p r i n t o u t  o f  t h e  s o a k i n g  p i t  s t a t u s .  T h e i r  
a l l o c a t i o n s  a r e  keyed i n  v i a  t h e  keyboard,  and t h e  message i s  
r e l a y e d  t o  t h e  soak ing  p i t  c o n t r o l l e r ,  g i v i n g  t h e  c h a r g e  number, 
t h e  number o f  i n g o t s ,  t h e  t y p e  of mold, t h e  p i t  a l l o c a t e d ,  and 
t h e  h e a t i n g  i n s t r u c t i o n s .  

C a s t  a n a l y s i s  i n f o r m a t i o n  i s  s e n t  by t e l e t y p e  from t h e  
l a b o r a t o r y  t o  t h e  p l a n n e r s .  T h i s  i n f o r m a t i o n  normal ly  a r r i v e s  
w h i l e  t h e  i n g o t s  a r e  i n  t h e  p o u r i n g  bay. The p l a n n e r s  now con- 
f i r m  t h e  a l l o c a t i o n  o f  t h e  c a s t .  I n  t h e  c a s e  o f  a  m i s c a s t ,  t h e y  
must c o n s i d e r  t h e  r e a l l o c a t i o n  r e q u i r e d ;  t o  d o  t h i s  t h e y  c a n  r e -  
q u e s t  a  p r i n t o u t  from t h e  s l a b / b i l l e t  o r d e r  f i l e .  I n f o r m a t i o n  
on t h e  new a l l o c a t i o n  i s  t y p e d  i n  v i a  t h e  keyboard.  

F i v e  m i n u t e s  b e f o r e  t h e  computed s t r i p p i n g  t i m e ,  a  message 
i s  p r i n t e d  o u t  t o  t h e  p l a n n i n g  d e p a r t m e n t ,  which d e c i d e s  whether  
o r  n o t  t o  go  ahead w i t h  t h e  s t r i p p i n g ;  t h i s  i n f o r m a t i o n  i s  r e -  
l a y e d  t o  t h e  p o u r i n g  bay. When t h e  i n g o t s  have been s t r i p p e d  
and loaded  o n t o  i n g o t  t r a i n s ,  t h e  l o a d i n g  i s  r e p o r t e d  t o  t h e  
sys tem and r e l a y e d  t o  t h e  s o a k e r  c o n t r o l l e r  s o  t h a t  he  knows 
which i n g o t s  a r e  coming down t o  t h e  s o a k i n g  p i t s .  The s o a k e r  
c o n t r o l l e r  r e p o r t s  t h e  p i t  l o a d i n g s .  

The s o a k i n g  p i t  c o n t r o l l e r  r e p o r t s  when a  p i t  i s  r e a d y  t o  
draw. There  a r e  t h r e e  r o u t e s  from t h e  blooming m i l l s ,  and f o r  
e a c h  a  l i g h t ,  v i s i b l e  t o  t h e  r o l l e r ,  i s  prov ided ;  t h e  l i g h t  i s  
on when t h e r e  i s  m a t e r i a l  a v a i l a b l e  i n  t h e  p i t s  f o r  t h i s  r o u t e .  
I n f o r m a t i o n  from t h e  soak ing  p i t  c o n t r o l l e r  t h a t  a  p i t  i s  r e a d y  
t o  draw i s  used  t o  c o n t r o l  t h e  l i g h t s .  The blooming m i l l  r o l l e r  
h a s  t h r e e  push b u t t o n s ,  one f o r  e a c h  of  t h e  r o u t e s  from t h e  m i l l .  
He s e l e c t s  t h e  r o u t e  he  wishes  t h e  n e x t  bloom t o  go a l o n g ,  and 
p r e s s e s  t h e  a p p r o p r i a t e  b u t t o n .  The system t h e n  a l l o c a t e s  a  
p a r t i c u l a r  i n g o t  t o  be drawn f o r  t h e  blooming m i l l .  I n f o r m a t i o n  
on t h e  c a s t  number and t h e  i n g o t  number on a  d i s p l a y  i s  g i v e n  
t o  t h e  s o a k e r  c o n t r o l l e r  t e l l i n g  him which i n g o t  t o  draw; a  
l i g h t  i s  a l s o  set on o v e r  t h e  r e l e v a n t  soak ing  p i t .  The s o a k i n g  
p i t  c o n t r o l l e r  r e p o r t s  back which i n g o t  h a s  a c t u a l l y  been drawn. 
T h i s  i s  normal ly  a  c o n f i r m a t i o n ,  b u t  when he h a s  drawn a  d i f f e r -  
e n t  i n g o t ,  f u l l  d e t a i l s  a r e  g i v e n .  The r o l l i n g  i n s t r u c t i o n s  a r e  
now i s s u e d  t o  t h e  blooming m i l l  r o l l e r ,  who r e p o r t s  back t o  t h e  
sys tem when t h e  i n g o t  h a s  been r o l l e d .  

The c u t t i n g  i n s t r u c t i o n s  a r e  a l s o  i s s u e d  t o  t h e  a p p r o p r i a t e  
bloom s h e a r  o p e r a t o r ,  who r e p o r t s  on which c u t s  have been made. 
The i n g o t s  a r e  weighed b e f o r e  e n t e r i n g  t h e  blooming m i l l ,  t h e  
weigh t  b e i n g  r e a d  a u t o m a t i c a l l y .  T h i s  i n f o r m a t i o n  w i l l  b e  used 
f o r  d e t e r m i n i n g  t h e  c u t  a l l o c a t i o n s  i s s u e d  t o  t h e  bloom s h e a r s .  
The c u t t i n g  r e s u l t  i s  r e p o r t e d  back t o  t h e  system.  The i n s p e c -  
t i o n  of  t h e  m a t e r i a l  t a k e s  p l a c e  i n  t h e  b i l l e t  y a r d  some d a y s  
l a t e r .  



F i l e  Desc r ip t i on  

Four b a s i c  c l a s s e s  of f i l e s  were used i n  t h i s  system: 
o rde r  f i l e s ,  r e f e r e n c e  f i l e s  o r  d i c t i o n a r i e s ,  m a t e r i a l  t r a c k i n g  
f i l e s ,  and p l a n t  s t a t u s  summary f i l e s .  Some of t h e s e  f i l e s  a r e  
d i s c u s s e d  below. 

Order f i l e s  r e p r e s e n t  t h e  planned commitment of t h e  p l a n t .  
For example, FM c o n t a i n s  a l l  t h e  s l a b / b i l l e t  o r d e r s  from t h e  
f i n i s h i n g  m i l l s ;  CH c o n t a i n s  r e c o r d s  f o r  a l l  r e q u i r e d  cha rges  
t h a t  have been b u i l t  up w i th  r e f e r e n c e  t o  t h e  FM reco rds .  An 
example of t h e  d i c t i o n a r y  o r  r e f e r ence  f i l e s  is  R E ,  a  q u a l i t y  
d i c t i o n a r y  c o n t a i n i n g  r e c o r d s  f o r  each of t h e  s t e e l  q u a l i t i e s  
made a t  Domnarvet. M a t e r i a l  t r a c k i n g  f i l e s  a r e  used t o  t r a c k  
t h e  l o c a t i o n  of  t h e  m a t e r i a l  w i t h i n  t h e  p l a n t .  For example, t h e  
fo l lowing  f i l e s  a r e  kept  f o r  t r a c k i n g  i n g o t s :  GT--when an i n g o t  
i s  r e p o r t e d  a s  poured, a  r eco rd  f o r  t h e  i n g o t  i s  made i n  t h i s  
f i l e  and remains on f i l e  u n t i l  t h e  i n g o t  has  been c u t .  (Af te r  
d e l e t i o n  from t h i s  r ea l - t ime  f i l e ,  r e c o r d s  a r e  moved onto  a  
h i s t o r i c a l  f i l e  where t hey  a r e  k e p t  and used f o r  s t a t i s t i c s ,  
e t c . )  To t r a c k  t h e  movement of  t h e  i n g o t s  through t h e  p l a n t ,  
a  s e r i e s  of i n d i c e s  a r e  made t o  t h i s  f i l e  a s  f o r  example GE 
which l i s ts  a l l  t h e  i n g o t s  t h a t  have been s t r i p p e d  bu t  n o t  y e t  
loaded o n t o  i n g o t  t r a i n s  f o r  t r a n s p o r t a t i o n  t o  t h e  soaking p i t s ,  
and TP which r e f e r e n c e s  t h e  loading  of t h e  i n g o t s  o n t o  t h e  i n g o t  
c a r s .  The p l a n t  s t a t u s  summary f i l e s  c o n t a i n  s t a t u s  i n fo rma t ion  
about  t h e  v a r i o u s  p l a n t  f a c i l i t i e s ,  and a r e  used t o  compare t h e  
p l a n t  s t a t u s  p r i n t o u t s  r equ i r ed  by t h e  planning department .  An 
example of t h e s e  f i l e s  i s  SU which i n d i c a t e s  t h e  s i t u a t i o n s  of 
t h e  fu rnaces .  There i s  a  record  i n  t h e  f i l e  f o r  each  fu rnace ,  
w i th  t h r e e  s u b s e c t i o n s  f o r  each r eco rd ;  t h e  f i r s t  i n d i c a t e s  a l l  
t h e  cha rges  planned but  no t  y e t  ordered  on t h e  fu rnaces ,  t h e  
second a l l  t h e  charges  i n  t h e  fu rnaces ,  and t h e  t h i r d  a l l  t h e  
cha rges  tapped bu t  n o t  y e t  poured. 

Key Fea tu re s  of t h e  Former DORIS 

A t  t h e  t ime DORIS was des igned  t h e  fo l lowing  requi rements  
were s e t  up: 

- The a b i l i t y  t o  p roces s  two types  of t r a n s a c t i o n s :  s imple 
t r a n s a c t i o n s  r e q u i r i n g  a  f a s t  response  t ime,  and complex 
t r a n s a c t i o n s  w i th  slower response  t ime requi rements .  

- Shared a c c e s s  t o  d a t a  f i l e s  from m u l t i p l e  message pro- 
c e s s i n g  programs. 

- A s e t  of p r i o r i t i e s  f o r  t r a n s a c t i o n s .  

- Test ing  procedures  f o r  new a p p l i c a t i o n  programs, o f f - l i n e  
t e s t s  and on - l i ne  t e s t s .  

- E r r o r s  i n  t h e  a p p l i c a t i o n  of programs must no t  a f f e c t  t h e  
system. 



- The o n - l i n e  computer sys tem must r u n  2 4  h o u r s  a  d a y ,  
d a i l y .  I n  c a s e  of a  sys tem breakdown, t h e  t e r m i n a l  n e t -  
work must b e  swi tched  o v e r  t o  t h e  o f f - l i n e  sys tem.  The 
maximum a l l o w a b l e  down t i m e  shou ld  n o t  exceed 15 t o  2 0  
minu tes .  

- Logging f i l e  f o r  t r a n s a c t i o n s  and r e s t a r t  p r o c e d u r e  which 
e n a b l e s  t h e  sys tem t o  u p d a t e  d a t a  f i l e s  a f t e r  a  breakdown. 

DEVELOPMENT OF THE CURRENT DOMNARVET INFORMATION SYSTEM (DIS) 

The p r e s e n t  i n f o r m a t i o n  sys tem was e s t a b l i s h e d  t o  p r o v i d e  
b o t h  a  common s o u r c e  f o r  i n f o r m a t i o n  r e q u i r e d  by u s e r s  i n  d i f f e r -  
e n t  a r e a s  o f  t h e  p l a n t  and up t o  d a t e  and r e l i a b l e  i n f o r m a t i o n  
f o r  end-users .  These r e q u i r e m e n t s  a r e  m e t  w i t h  t h e  implementa t ion  
of  a  DB/DC ( d a t a  base-da ta  communication) sys tem.  The s o - c a l l e d  
d a t a  b a s e  t echnology  p r o v i d e s  a  means f o r  e a s y  s t o r a g e  and main- 
t e n a n c e  of i n f o r m a t i o n .  

The r e l i a b i l i t y  of i n f o r m a t i o n  depends on t h e  u s e r ' s  oppor- 
t u n i t y  t o  communicate w i t h  t h e  computer e a s i l y ,  and i n  a  con- 
t r o l l e d  manner. The u s u a l  combina t ion  of punched c a r d  i n p u t  and 
e r r o r  l i s t  h a s  many p r a c t i c a l  l i m i t a t i o n s  and demands much of  t h e  
p e r s o n  r e p o r t i n g  t o  t h e  sys tem.  A good s o l u t i o n  which p r o v i d e s  
e n d - u s e r s  w i t h  up t o  d a t e  and r e l i a b l e  i n f o r m a t i o n  i s  t o  l o c a t e  
such  i n t e r a c t i v e  t e r m i n a l s  a t  d i s p l a y  s t a t i o n s  i n  u s e r s  l o c a t i o n s ,  
e n a b l i n g  u s e r s  t o  communicate d i r e c t l y  w i t h  t h e  computer and t h e  
d a t a  f i l e s .  

One s o l u t i o n  t o  t h e  d a t a  b a s e  computer h a n d l i n g  problem, 
a d a p t e d  by Domnarvet, is  t o  i n s t a l l  a  power fu l  c o n t r o l  hardware 
sys tem and a  program package t o  a s s i s t  d a t a  b a s e  and t e r m i n a l  
h a n d l i n g .  The hardware sys tem,  which h a s  been p r e v i o u s l y  de- 
s c r i b e d ,  c o n s i s t s  of a  d u p l e x  IBM/370 sys tem made up of an IBM 
370/145 and a n  IBM 370/158. The IBM program p r o d u c t  IMS was 
used  f o r  t e r m i n a l  and d a t a  b a s e  h a n d l i n g .  

A ~ ~ l i c a t i o n  Overview 

The new DIS i n c o r p o r a t e s  t h e  o l d  a p p l i c a t i o n s  of DORIS w i t h  
improvements,  a s  w e l l  a s  new a p p l i c a t i o n s .  T h e r e  a r e  f o u r  sub- 
sys tems  c u r r e n t l y  i n s t a l l e d  i n  t h e  DIS: o r d e r  e n t r y ,  i n v e n t o r y  
c o n t r o l ,  s h i p p i n g ,  and p r o d u c t i o n  p l a n n i n g  and c o n t r o l .  

Order  E n t r y  

The main o b j e c t i v e s  of t h i s  subsystem a r e :  

- R e g i s t r a t i o n  o f  70 p e r c e n t  o f  t h e  o r d e r s  on t h e  same day 
t h a t  t h e y  a r e  s u b m i t t e d  by t h e  sa lesman ,  w i t h  o r d e r  ac -  
knowledgments b e i n g  s e n t  t o  cus tomers  t h e  f o l l o w i n g  day ;  



- A more comple te  and a c c u r a t e  p r o c e s s i n g  of  o r d e r s  t h a n  
p r e v i o u s l y ;  

- Less  working t i m e  f o r  p r o c e s s i n g  o r d e r s ;  

- A c c e s s i b i l i t y  o f  each  o r d e r  v i a  t h e  d i s p l a y  s c r e e n  a t  
e a c h  p l a n n i n g  o f f i c e  a t  a l l  t i m e s ;  

- P r i n t o u t s  of  o r d e r s  r e a d y  f o r  p r o d u c t i o n ,  i f  needed by 
e a c h  p l a n n i n g  o f f i c e .  

O p e r a t i n g  P r o c e d u r e s  

These p r o c e d u r e s  c a n  b e  d e s c r i b e d  i n  t h e  f o l l o w i n g  s t a g e s :  
t h e  salesman p r e p a r e s  a n  o r d e r ,  and p e r h a p s  p roduces  a  d r a f t ;  
a n  o r d e r  p r o c e s s o r  t r a n s m i t s  t h e  i n f o r m a t i o n  a r r a n g e d  by m a r k e t s  
from a 3270 keyboard;  a  c o n t r o l  document i s  produced i n  a  3286 
p r i n t e r ;  d r a f t  and c o n t r o l  documents a r e  compared, amendments 
a r e  e n t e r e d  and t h e  market  o r i e n t e d  p r o c e s s i n g  approved;  t h e  
o r d e r  queues  up i n  t h e  system; t h e  p r o d u c t i o n - o r i e n t e d  p r o c e s s i n g  
s t a r t s ;  t h e  d e l i v e r y  week promised i s  checked;  t h e  o r d e r  i s  t h e n  
r e a d y  f o r  p r i n t o u t  i n  t h e  o r d e r  acknowledgment, work o r d e r  docu- 
ments ,  e tc.  Each document i s  t a k e n  from i t s  s p e c i f i c  queue i n  
t h e  sys tem.  

P r o c e s s i n g  

Market o r i e n t e d  p r o c e s s i n g  i s  done by means o f  a  series of  
d i s p l a y  f o r m a t s .  The f i r s t  fo rmat  c o n c e r n s  i n f o r m a t i o n  a b o u t  a n  
o r d e r  ( e . g . ,  name and a d d r e s s  which i s  most o f t e n  c o l l e c t e d  f rom 
t h e  cus tomer  d a t a  b a s e ) .  I n  t h i s  f o r m a t ,  t h e  o p e r a t o r  must a l s o  
select some of  t h e  f o r m a t s  f o r  t h e  c o n t i n u e d  p r o c e s s i n g ,  which 
a r e  used t o  r e g i s t e r  i t e m  i n f o r m a t i o n .  Format OBJ, f o r  example,  
c o r r e s p o n d s  t o  c o a t e d  p r o d u c t s .  T h i s  fo rmat  i s  r e p e a t e d  a s  many 
t i m e s  a s  t h e r e  a r e  i t e m s  t o  p r o c e s s .  Most o f  t h e  i n f o r m a t i o n  
r e m a i n s  on t h e  d i s p l a y  from i t e m  t o  i t e m ,  and t h e r e f o r e  o n l y  
t h e  d i f f e r e n c e s  between t h e  i t e m s  have t o  be keyed- in .  The pro-  
c e s s i n g  of  i t e m s  f o l l o w i n g  t h e  f i r s t  o n e  i s  t h e r e f o r e  a  v e r y  
s i m p l e  p r o c e d u r e .  Once t h e  o r d e r  h a s  been e n t e r e d ,  t h e  o r d e r  
acknowledgment i s  p r i n t e d  o u t  e i t h e r  on a  3286 p r i n t e r  o r  on a  
computer room p r i n t e r .  

P r o d u c t i o n  documents a r e  a l s o  c r e a t e d .  The p r o d u c t i o n  work- 
shop  concerned  r e c e i v e s  i t s  o r d e r s  i n  a  queue p e r  d e l i v e r y  week. 
The p l a n n e r s  c a n  t h e r e f o r e  select o r d e r s  f o r  p r i n t o u t  f o r  p r e -  
c i s e l y  t h e  manufac tur ing  weeks i n  which t h e y  a r e  i n t e r e s t e d .  

I n v e n t o r y  C o n t r o l  f o r  F i n i s h e d  P r o d u c t s  

The main o b j e c t i v e s  a r e  t o :  make o n - l i n e  a c c o u n t i n g  f o r  
f i n i s h e d  p r o d u c t s ;  p e r m i t  d i r e c t  i n q u i r i e s  a b o u t  t h e s e  p r o d u c t s  
from a d i s p l a y  s t a t i o n ;  p roduce  s u i t a b l e  i n v e n t o r y  l i s ts  f o r  
c u s t o m e r s ,  sa lesmen ,  and s t o r e s  s t a f f ;  and improve p l a n n i n g  of 
l o a d i n g .  



As a  r e s u l t  o f  s t o c k  a c c o u n t i n g ,  which i s  done  e n t i r e l y  
on  l i n e ,  s t o c k  l i s ts  a r e  p r i n t e d  o u t  and a d a p t e d  t o  t h e  cus tomer  
o r  t o  t h e  sa lesman .  S tock  a c c o u n t i n g  t r a n s a c t i o n s  a r e  keyed i n  
t o  t h e  f i n i s h e d  s t o c k  o f f i c e  from documents produced manua l ly  
i n  t h e  s t o r e .  

As a  s a l e s  s u p p o r t ,  a  s t o c k  i n q u i r y  c a n  be made from a  d i s -  
p l a y  s t a t i o n ;  a  s i m p l e  i n q u i r y  a b o u t  j u s t  one  p r o d u c t  can  b e  
made. U s u a l l y  t h e  i n q u i r i e s  w i l l  p robab ly  b e  ouch t h a t ,  f o r  
example,  one c a n  l e a v e  open ( w i t h i n  a  c e r t a i n  i n t e r v a l )  t h e  
l e n g t h ,  o r  t h e  t h i c k n e s s ,  o r  bo th .  The r e s u l t  of  t h e  i n q u i r y  
i s  p r e s e n t e d  on  a  d i s p l a y  s t a t i o n  which a l s o  c o n t a i n s  informa-  
t i o n  on what i s  r e s e r v e d  and what i s  i n  p r o g r e s s  a s  r e p l e n i s h -  
ment o r d e r s .  

S h i p p i n g  

S h i p p i n g  documents a r e  u s e f u l  t o  d o  t h e  f o l l o w i n g :  

- Key d i s p a t c h e d  m a t e r i a l  f rom t h e  3270 keyboard,  and 
t h e r e b y  make a s  much u s e  a s  p o s s i b l e  o f  t h e  o r d e r  i n f o r -  
mat ion  a l r e a d y  s t o r e d  i n  t h e  system; 

- P r i n t  95 p e r c e n t  of  consignment  s p e c i f i c a t i o n s  on  t h e  
computer ;  

- P r o v i d e  q u i c k e r  and more mechanica l  p r o c e s s i n g  of  i n v o i c e s .  

S h i p p i n g  s p e c i f i c a t i o n s  a r e  p r i n t e d  o u t  on  a  3286 p r i n t e r .  T h i s  
document i s  d i s t r i b u t e d  i n  many c o p i e s ,  and it i s  t h e r e f o r e  
c o p i e d  on a  copy machine. The f r e i g h t  b i l l  f o r  r o a d  t r a n s p o r t  
i s  produced b e f o r e  t h e  t r u c k  a r r i v e s  a t  Domnarvets J e r n v e r k ,  
and i s  d e l i v e r e d  by t h e  weighing p e r s o n n e l  a s  t h e  t r u c k  p a s s e s  
t h r o u g h .  

P r o d u c t i o n  P l a n n i n g  and C o n t r o l  

The o b j e c t i v e s  a r e ,  among o t h e r s ,  t o :  

- Improve t h e  o u t d a t e d  sys tem used  on t h e  IBM 360/30; 

- I n s t a l l  d i s p l a y  s t a t i o n s  a t  t h e  p l a n n i n g  o f f i c e s  f o r  
d i r e c t  a c c e s s  t o  e s s e n t i a l  d a t a  b a s e s ,  s u c h  a s  customer 
o r d e r  and p r o d u c t i o n  o r d e r  d a t a  b a s e s  ; 

- Improve t h e  c h a r g e  p l a n n i n g ;  

- Improve c o n t r o l  and management o f  t h e  i n v e n t o r y  f o r  
s t r i p  and heavy p l a t e  m a t e r i a l ;  

- Improve p r o d u c t i o n  r e p o r t i n g .  



P r o d u c t i o n  P l a n n i n g  and C a n t r o l  Subsystems 

The c u r r e n t  Domnarvet i n f o r m a t i o n  sys tem (DIS) i n c l u d e s  
t h e  f o l l o w i n g  subsystems:  ( F i g u r e s  2 th rough  5 r e f e r  t o  mater-  
i a l  r e q u i r e m e n t  p l a n n i n g  and m a t e r i a l  d i s t r i b u t i o n  p l a n n i n g  pro-  
c e s s e s .  ) 

- M a t e r i a l  r e q u i s i t i o n i n g  from t h e  f i n i s h e d  p r o d u c t  p l a n t - -  
e .g . ,  combining customer o r d e r s  w i t h  s l a b / b i l l e t  o r d e r s ,  
s t o r i n g ,  modifying,  and d e l e t i n g  s l a b / b i l l e t  o r d e r s ,  and 
p r i n t i n g  o u t  p l a n n i n g  documents f o r  r o l l i n g  m i l l s  and 
steel  making shops ;  

- A steel  o r d e r i n g  sys tem f o r  i n g o t  c a s t i n g ;  

- A c o n t i n u o u s  c a s t i n g  s c h e d u l i n g  sys tem t h a t  p r i n t s  o u t  
s l a b  o r d e r s  f o r  c o n t i n u o u s  c a s t i n g ,  r e s e r v e s  m a t e r i a l  
f o r  c o n t i n u o u s  c a s t i n g ,  p r i n t s  o u t  s l a b  o r d e r s  r e s e r v e d  
f o r  c o n t i n u o u s  c a s t i n g ,  and s t o r e s  c a s t  o r d e r s  f o r  mate- 
r i a l  t o  b e  used  i n  c o n t i n u o u s  c a s t i n g ;  

- A s t e e l w o r k s  s c h e d u l i n g  and management system--from 
f u r n a c e s ,  t o  teeming bay,  t o  t h e  s h e a r s ,  e tc. ;  

- An a n a l y s i s  r e p o r t i n g  system f o r  r e c o r d i n g  steel  g r a d e  
and c h a r t e s t  s p e c i f i c a t i o n s ,  l i s t i n g  s t e e l  g r a d e  and 
c l e a r  t e x t  s p e c i f i c a t i o n s ,  a n a l y z i n g ,  r e p o r t i n g ,  and 
c o n t r o l l i n g ,  r e p o r t i n g  d a i l y  on  a n a l y s i s  r e s u l t s ,  and  
c o n t r o l l i n g  a n a l y s i s  r e s u l t s  o v e r  a  l o n g e r  p e r i o d ;  

- S l a b  y a r d  c o n t r o l  r e q u i r i n g  a  heavy p l a t e  m i l l  and  wide 
s t r i p  m i l l  s c h e d u l i n g  sys tem f o r  i n s p e c t i n g  r e p o r t s  and 
p r i n t o u t s  of  i n s p e c t i o n  r e s u l t s ,  p r i n t i n g  o u t  s t o c k  l is ts ,  
r e s c h e d u l i n g ,  c r e a t i n g  r o l l i n g  m i l l  s c h e d u l e s  and r e p o r t s ,  
p roduc ing  r e p o r t s ,  and p r i n t i n g  o u t  work o r d e r  documents 
f o r  heavy p l a t e  m i l l ;  

- An i n g o t  s t o c k  c o n t r o l  system f o r  r e c o r d i n g  movements i n  
and o u t  and l i s t i n g  i n g o t  s t o c k s .  

Cont inuous  C a s t i n g  Schedul ing  System: A d e s c r i p t i o n  o f  t h e  
fo rmer  sys tem w i l l  make it e a s i e r  t o  u n d e r s t a n d  t h e  improvements 
t o  t h e  p l a n n i n g  system r e q u i r e d  f o r  t h e s e  i n s t a l l a t i o n s .  I n  t h e  
former  sys tem t h e r e  were l is ts  o f  s l a b  o r d e r s  f o r  c o n t i n u o u s  
c a s t i n g ,  f rom which s l a b s  were p i c k e d ,  no ted  on o r d e r  fo rms ,  and 
s e n t  t o  t h e  c u t t i n g  s t a t i o n  i n  t h e  c o n t i n u o u s  c a s t i n g .  Each form 
c o n t a i n e d  s u i t a b l e  t o  a v e r a g e  c a s t  w e i g h t s .  When t h e  c a s t  was 
teemed, i t  sometimes weighed t o o  much and t h e r e  was n o t  enough 
s l a b  on t h e  o r d e r  l i s t .  S l a b s  t h e n  were s t o r e d  i n  s t o c k .  I f  
t h e  c a s t  w e i g h t  was t o o  low, b a t c h e s  of  s l a b s  remained on  t h e  
l i s t  and t h e y  were n o t  r e o r d e r e d  u n t i l  t h e  n e x t  day .  Using t h i s  
o r d e r  system,  which i n c l u d e d  manual s e l e c t i o n  o f  s l a b ,  t h e  s l a b  
y i e l d  f rom c o n t i n u o u s  c a s t i n g  was n o t  a lways s a t i s f a c t o r y .  The 
s h e a r  o p e r a t o r  s e n t  r e g u l a r  r e p o r t s  c o n c e r n i n g  c u t  s l a b s .  
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I n  t h e  new improved planning system f o r  cont inuous  c a s t i n g ,  
t h e s e  d isadvantages  have been e l imina t ed .  Planning f o r  t h e s e  
f a c i l i t i e s  i nvo lves  t h e  use  of  a  l i s t  of  s l a b  requi rements .  A 
r e q u e s t  may be made f o r  t h e  l i s t  o f  s l a b  requi rements  on which 
ba t ches  a r e  a r ranged  accord ing  t o  grade  and r o l l i n g  week. Other 
r e s t r i c t i o n s  a f f e c t i n g  t h e  cho ice  of c a s t i n g  mold t o  be used on 
t h e  cont inuous  c a s t i n g  s t r a n d  can be added e .g . ,  t h e  weight  of 
t h e  s l a b ,  t h e  width of  t h e  p l a t e  f o r  producing heavy p l a t e s ,  and 
t h e  width of  s t r i p s  f o r  s t r i p  product ion .  D e t a i l s  about  t h e  
q u a n t i t y  of  s l a b  requi rements  of each grade  can be ob ta ined  from 
t h e  l i s t  of s l a b s  f o r  cont inuous  c a s t i n g  of a  s p e c i f i c  mold. 
Th i s  in format ion  i n d i c a t e s  t h e  o r d e r  requi rements  f o r  t h e  grade  
and mold concerned,  broken down accord ing  t o  l e n g t h  and r o l l i n g  
week. This  i s  t r a n s m i t t e d  t o  t h e  d i s p l a y  s t a t i o n ,  which r e s e r v e s  
t h e  m a t e r i a l s  f o r  t h e  c a s t i n g  ope ra t ion .  

Another advantage of  r e s e r v i n g  s l a b s  i s  t h a t  t h e  c u t t i n g  
l i s t  i s  ob ta ined  r a p i d l y  once t h e  r e s u l t  of t h e  cont inuous  c a s t -  
i n g  i s  known. Because a  s ea rch  does  no t  have t o  be made among 
a l l  p roduct ion  o r d e r s ,  t h e  number of o r d e r s  concerned i s  s m a l l e r .  
S l abs  t o  be r e se rved  can be s e l e c t e d  on t h e  r e s e r v a t i o n  d i s p l a y .  
The maximum and minimum s l a b  l e n g t h  l i m i t s  must be i n d i c a t e d  
a long  wi th  t h e  d e s i r e d  r o l l i n g  pe r iod .  I n  t h i s  way, sma l l e r  
amounts of d i f f e r e n t  g r ades ,  cons idered  a s  a  s i n g l e  grade  i n  
t h e  s t ee lworks ,  can be produced. By making r e s e r v a t i o n s  f o r  
each g rade  i n  s e v e r a l  s t a g e s ,  o r d e r s  can a l s o  be ass igned  a t  
d i f f e r e n t  p r i o r i t y  l e v e l s .  

A s  f o r  s l a b  l e n g t h ,  i n  g e n e r a l ,  on ly  o r d e r s  having a  s l a b  
weight  w i th  l e n g t h s  i n  t h e  upper p o r t i o n  of t h e  au tho r i zed  
range  (1780 t o  3000 mm) a r e  chosen. S l ab  o r d e r s  f o r  t h e  mold 
i n  q u e s t i o n ,  l e ad ing  t o  s h o r t  ba t ches ,  a r e  e i t h e r  c a s t  i n  
another  s i z e d  mold, o r  c a s t  a s  i n g o t s .  I n  t h e  l a t t e r  c a s e ,  
t hey  can  be  b e t t e r  s i z e d  du r ing  r o l l i n g .  

When t h e  r e s e r v a t i o n  i s  made, a  temporary f i l e  i s  s e t  up 
i n  which t h e  t ype  of m a t e r i a l s ,  c a s t i n g  mold, and grade  a r e  
en t e r ed .  The product ion  o r d e r  number and grade  i n d i c a t i o n s  a r e  
g iven  a s  w e l l .  During r e s e r v a t i o n ,  t h e  number of o r d e r s  r e -  
se rved  i s  s u b t r a c t e d  from t h e  number of product ion  requi rements .  
When t h e  s i z e  of t h e  mold i s  changed, t h e  r e s e r v a t i o n  can  be 
c a n c e l l e d  by means of  a  s p e c i f i c  t r a n s a c t i o n ,  and t h e  new mold 
can  be r e se rved  a s  desc r ibed  above. I t  i s  p o s s i b l e  t o  simul- 
t aneous ly  have r e s e r v a t i o n s  f o r  s e v e r a l  molds f o r  each continuous 
c a s t i n g  s t r a n d .  

When r eco rd ing  c a s t  o r d e r s  f o r  cont inuous  c a s t i n g  t h e  l i s ts  
of r e s e r v e d  s l a b s  can be used. Each l i s t  i n d i c a t e s  t h e  t o t a l  
q u a n t i t y  of s l a b s .  These l i s ts  have a l s o  been des igned  f o r  u s e  
when t h e  system has  a  breakdown. I n  t h i s  c a s e ,  c u t t i n g  i n s t r u c -  
t i o n s  should be s e n t  by te lephone  t o  t h e  shear  p u l p i t .  

Cas t  o r d e r s  concerning grades  f o r  which m a t e r i a l s  have been 
r e se rved  a r e  g iven  i n  t h e  product ion  form ( l i s t  of c a s t  r e q u i r e -  
men t s ) .  S h i f t  p l anne r s  can  r e q u e s t  in format ion  about  g rades  f o r  



which m a t e r i a l s  have been r e se rved  and t h e  q u a n t i t i e s  of t h e s e  
m a t e r i a l s  planned f o r  t h e  c a s t  o r d e r s .  They can a l s o  r e q u e s t  
a n  i n d i c a t i o n  of t h e  q u a n t i t i e s  t h a t  have been c u t  on t h e  s h e a r s .  

Normally, c a s t  o r d e r s  s e t  up by day p l anne r s ,  a l lowing  f o r  
r e se rved  m a t e r i a l s ,  a r e  s u f f i c i e n t  f o r  t h e  coming 24-h pe r iod .  
However, it may happen t h a t  t h e  c a s t  of a  c e r t a i n  g rade  i s  poor 
and does  n o t  y i e l d  t h e  expected tonnage of s l a b .  I f  t h e  s h i f t  
p l anne r  i s  aware of  t h e  urgency of o r d e r s  f o r  t h i s  grade ,  he 
c a n  send a n  a d d i t i o n a l  c a s t  o r d e r  t o  t h e  fu rnaces .  

The major d i f f e r e n c e  i n  p lanning  i n g o t  c a s t i n g  and cont inuous  
c a s t i n g  i s  i n  t h e  moment a t  which s l a b s  a r e  a l l o c a t e d  t o  o r d e r s .  
A s  f o r  i n g o t  c a s t i n g ,  t h i s  i s  done a t  t h e  t ime of c a s t  o r d e r s ,  
whereas f o r  cont inuous  c a s t i n g  t h i s  occu r s  on ly  when t h e  c a s t i n g  
r e p o r t s  have been r ece ived  from t h e  cont inuous  c a s t i n g  s t r a n d s .  

Ro l l i ng  M i l l  Schedules and Repor ts  

The c r e a t i o n  of r o l l i n g  schedu le s  f o r  a  wide s t r i p  m i l l  and 
a  heavy p l a t e  m i l l  used t o  be a  complex manual job.  A cho ice  
had t o  be made from among some 2000 t o  3000 s l a b s  i n  s t o c k ,  
accord ing  t o  a  w e l l  e s t a b l i s h e d  p r i o r i t y  l i s t ,  i n  o r d e r  t o  r e s p e c t  
t h e  r o l l i n g  c y c l e .  S p e c i f i c  c y c l e s  had t o  be cons idered  f o r  a  
heavy p l a t e  m i l l  and a  wide s t r i p  m i l l .  Other  c o n s t r a i n t s  i n  
t h e  o p e r a t i o n  of a  wide s t r i p  m i l l  inc luded  t h e  maximum number 
of s t e p s  when changing t h i c k n e s s ,  t h e  maximum l e n g t h  f o r  a  s i n g l e  
wid th ,  t h e  i m p o s s i b i l i t y  of combining c e r t a i n  g rades ,  and t h e  
f a c t  t h a t  c e r t a i n  p roduc t s  r e q u i r e  r o l l i n g  i n  s p e c i a l  r o l l s .  

Computerized p r e p a r a t i o n  of r o l l i n g  programs i s  c a r r i e d  o u t  
i n  t h e  fo l lowing  way. The s e l e c t i o n  and s o r t i n g  r u l e s  a r e  f i r s t  
i n d i c a t e d  on a  d i s p l a y  s t a t i o n  showing t h e  o r d e r ;  t h e  s e l e c t i o n  
r u l e s  i n d i c a t e  t h e  s t a g e  i n  t h e  c y c l e  and whether o r  n o t  on ly  
c e r t a i n  g rades  o r  a  c e r t a i n  t ype  of  o r d e r ,  e t c .  a r e  r e q u i r e d .  
The s o r t i n g  r u l e s  i n d i c a t e  whether t h e  c y c l e  concerned i s  i n  
i t s  upward o r  downward phase.  The r e s u l t  of t h i s  p r e p a r a t i o n  
s t a g e  i s  a  r o l l i n g  schedule  scheme which is l i s t e d  on an  on - l i ne  
p r i n t e r .  Th i s  l i s t  i s  examined and any d e l e t i o n s ,  a d d i t i o n s ,  o r  
m o d i f i c a t i o n s  t o  t h e  sequence a r e  noted .  The n e x t  phase i s  a  
r e q u e s t  f o r  d i s p l a y i n g  t h e  l i s t  under p r e p a r a t i o n ,  by us ing  t h e  
r e f e r e n c e  number a u t o m a t i c a l l y  ass igned  t o  t h e  r o l l i n g  schedule  
a t  t h e  beginning of t h e  p r e p a r a t i o n .  The sc reen  can  then  be 
modif ied w i th  t h e  changes noted on t h e  p rev ious  r o l l i n q  schedu le  
proposa l .  Once a l l  t h e  mod i f i ca t i ons  have been c a r r i e d  o u t ,  a  
r e q u e s t  can be made t o  g e t  t h e  f i n a l  r o l l i n g  schedule .  T h i s  
s chedu le  i s  t h e n  copied a  number of t imes  and d i s t r i b u t e d  t o  t h e  
s l a b  yard  s t o c k  t a k e r ,  t o  t h e  r e h e a t i n g  fu rnace  l oade r ,  t o  t h e  
r o l l i n g  m i l l  personnel ,  e t c .  For t h e  heavy s l a b  m i l l ,  a  work 
o r d e r  (VK 2) i s  a l s o  prepared .  By r e f e r r i n g  t o  t h e  r o l l i n g  
schedule  number, a  r e q u e s t  can be made f o r  t h e  d i s p l a y  of a l l  
work o r d e r s  t h a t  have n o t  y e t  been d i s t r i b u t e d .  Work o r d e r s  
a r e  a l s o  d i s t r i b u t e d  when t h e  p lanning  department  r e c e i v e s  t h e  
i n s p e c t i o n  r e p o r t .  A t  t h a t  t ime,  a  r e q u e s t  can  be made f o r  t h e  



work o r d e r s  o f  a l l  t h e  s l a b s  i n c l u d e d  i n  t h e  i n s p e c t i o n  r e p o r t .  
T h i s  i s  done by i n d i c a t i n g  t h e  r e p o r t  number. L a t e r  o n ,  work 
o r d e r s  o f  t h e  r o l l i n g  s c h e d u l e  a r e  examined. 

When t h e  s l a b s  have been r o l l e d  i n  a c c o r d a n c e  w i t h  t h e  
r o l l i n g  s c h e d u l e ,  p a r t  o f  t h e  l i s t  d i s t r i b u t e d  t h r o u g h o u t  t h e  
p l a n t  i s  r e t u r n e d  t o  t h e  p l a n n i n g  d e p a r t m e n t  where  it i s  completed 
w i t h  n o t e s  a s  t o  t h e  s l a b s  e n t e r e d  i n  t h e  r e h e a t i n g  f u r n a c e ,  
s l a b s  t h a t  have  been s e n t  back t o  t h e  s l a b  y a r d ,  and s l a b s  t h a t  
have been s c r a p p e d .  For wide s t r i p s ,  t h e  w e i g h t  o f  t h e  c o i l  i s  
i n d i c a t e d  a s  w e l l .  I n  t h i s  way, r e p o r t i n g  is  p o s s i b l e  on which 
s l a b s  have  been r o l l e d .  By means of  t h e  l i s t  number, t h e  s c r e e n  
c a n  be  r e q u e s t e d  t o  d i s p l a y  t h e  l i s t  which c o r r e s p o n d s  t o  t h e  
c u r r e n t  r e p o r t .  A t  p r e s e n t ,  no o t h e r  r e p o r t  on  o r i g i n a l  p l a t e s  
and wide s t r i p s  i s  made a f t e r  t h e  r o l l i n g  r e p o r t .  

Data  Base D e s c r i p t i o n s  

At  p r e s e n t ,  t h e r e  are 2 2  d a t a  b a s e s  i n  t h e  DIS sys tem.  The 
l i n k a g e s  of  t h e  most i m p o r t a n t  d a t a  b a s e s  a r e  shown i n  F i g u r e  6 
which h a s  been s i m p l i f i e d  i n  o r d e r  t o  g i v e  a  p i c t u r e  of  t h e  cen-  
t r a l  r o l e  p l a y e d  by t h e  cus tomer  o r d e r  d a t a  b a s e .  

There  a r e  a c t u a l l y  two d a t a  b a s e s  f o r  cus t s rner  o r d e r s :  t h e  
f i r s t  f o r  i n f o r m a t i o n  common t o  l a r g e  p a r t s  o f  a n  o r d e r  i n  t h e  
s o - c a l l e d  o r d e r  d a t a  b a s e ,  and t h e  second f o r  i n f o r m a t i o n  t h a t  
f r e q u e n t l y  v a r i e s  among t h e  i t e m s  i n  t h e  s o - c a l l e d  o r d e r  i t e m  
d a t a  b a s e .  There  h a s  a lways been a  f i l e  f o r  o r d e r s ,  which formed 
t h e  s t a r t i n g  p o i n t  o f  o u r  p l a n n i n g  r o u t i n e s .  T h i s  i n f o r m a t i o n  
r e m a i n s ,  and t h e  a d d i t i o n  now made c o n s i s t s  main ly  o f  c l e a r  t e x t  
l i n e s  o f  v a r i a b l e  l e n g t h .  Former ly ,  t h i s  i n f o r m a t i o n  was d i f f i -  
c u l t  t o  accommodate i n  r e c o r d s  o f  f i x e d  l e n g t h .  Both d a t a  b a s e s  
a r e  HDAM-organized, w i t h  o r d e r s ,  o r  o r d e r s  and i t e m s ,  a s  k e y s .  

The d a t a  b a s e  f o r  p r o d u c t i o n  o r d e r s  r e f l e c t s  t h e  manufac tu r -  
i n g  r e q u i r e m e n t s  f o r  e a c h  s t a g e  o f  p r o d u c t i o n .  S u b s e q u e n t l y ,  t h e  
r e q u i r e m e n t s  a r e  s w i t c h e d  backwards and f o r w a r d s  i n  t h e  c h a i n .  
The d a t a  b a s e  i s  HDAM-organized, w i t h  a  p r o d u c t i o n  o r d e r  number 
a s  key. 

The d a t a  b a s e  f o r  s t o r i n g  f i n i s h e d  p r o d u c t s  f u l f i l s  s e v e r a l  
p u r p o s e s .  It c o n t a i n s  t h e  b a l a n c e  f o r  a l l  p r o d u c t s  f o r  which 
o r d e r l y  bookkeeping i s  r e q u i r e d ,  and a l s o  i n f o r m a t i o n  on o r d e r s  
t i e d  t o  e x i s t i n g  m a t e r i a l  and  on t h o s e  t o  be  d e l i v e r e d  f rom f u t u r e  
p r o d u c t i o n .  P a r t  of  t h e  s t o c k  i s  made up  of  s t a n d a r d  s t o c k  con- 
s i s t i n g  of  p r o d u c t s  f o r  which h a s  been promised d i r e c t  d e l i v e r y .  
T h i s  p a r t  i s  now managed and c o n t r o l l e d  more a c c u r a t e l y ,  by 
d e f i n i n g  v a r i o u s  stock-management p a r a m e t e r s  r e l a t i n g  t o  r e o r d e r  
p o i n t s ,  minimum p r o d u c t i o n  e n t r i e s ,  e t c .  These  p a r a m e t e r s  t h e n  
c o n t r o l  t h e  g e n e r a t i o n  of  s t o c k  r e p l e n i s h m e n t  o r d e r s .  

A p r o d u c t  i n  t h i s  d a t a  b a s e  c a n  be r e a c h e d  i n  one of  t h r e e  
ways: 





- I f  t h e  o r d e r  i t e m  number o f  an  e a r l i e r  o r d e r  f o r  t h i s  
p r o d u c t  i s  known, t h i s  o r d e r  i t e m  number c a n  b e  employed. 

- I f  a  new p r o d u c t  i s  c r e a t e d ,  a  new p r o d u c t  number i s  
c r e a t e d  and p r i n t e d  o u t  on  s t o c k  l is ts;  l a t e r  t h i s  c a n  
b e  used a s  r e f e r e n c e .  

- A new c o n c e p t  f o r  p r o d u c t  i d e n t i t y  h a s  been  c r e a t e d ,  
c o n s i s t i n g  o f  a  f o u r - d i g i t  code ,  which l e a d s  t o  a  rough 
p r o d u c t  d i v i s i o n .  The code ,  i n  t u r n ,  i s  t h e  key t o  a  
v a r i a b l e  sequence  i n  which c o n c e p t s  s u c h  a s  l e n g t h ,  w i d t h ,  
t h i c k n e s s ,  q u a l i t y ,  p r o f i l e ,  c o l o r ,  and t y p e  of  p l a s t i c  
c a n  be e n t e r e d .  An i n q u i r y  t o  t h e  d a t a  b a s e  i s  s t a r t e d  
w i t h  t h e  f o u r - d i g i t  code ,  and t h e  answer  i s  a  r e p l y  w i t h  
v a r i a b l e s  t o  b e  f i l l e d  i n  f o r  t h e  p r o d u c t .  A f t e r  f i l l i n g  
t h e s e  i n ,  a  r e p l y  i s  r e c e i v e d  on t h e  d i s p l a y  s c r e e n  show- 
i n g  t h e  b a l a n c e  of  t h e  a r t i c l e .  I f ,  f o r  example,  a  v a r -  
i a b l e  l e n g t h  f o r  a  p r o d u c t  i s  p o s s i b l e ,  a n  i n q u i r y  may 
c o n t a i n  "up t o  and i n c l u d i n g ' '  and " a s  from" a  c e r t a i n  
l e n g t h .  T h i s  a l s o  a p p l i e s  t o  o t h e r  p a r a m e t e r s  i n  t h e  
p r o d u c t  i d e n t i t y .  The d a t a  b a s e  i s  HDAM-organized w i t h  
t h e  p r o d u c t  i d e n t i t y  a s  key and w i t h  the two o t h e r  i n p u t s  
m a i n t a i n e d  v i a  c r o s s - r e f e r e n c e s .  

The data base for-charge-ingot-slab/biZZet e n t r i e s  a r e  made 
by t h e  a u t o m a t i c  o r  manual c h a r g e  combina t ion  t h a t  t a k e s  p l a c e  i n  
t h e  sys tem ( F i g u r e  7 ) .  T h e r e a f t e r  t h e r e  i s  feedback  t o  t h e  system 
from steel  f u r n a c e s ,  teeming bays ,  r e h e a t i n g  f u r n a c e s ,  and t h e  
s l a b / b i l l e t  y a r d ,  p r o v i d i n g  a  r e c o r d  o f  p r o d u c t i o n  o b t a i n e d .  
From t h i s  d a t a  b a s e ,  t h e  s l a b  l i s ts  and r o l l i n g  s c h e d u l e s  f o r  t h e  
wide s t r i p  m i l l  and t h e  heavy p l a t e  m i l l  a r e  t h e n  s e l e c t e d .  The 
c h a r g e  a n a l y s i s  r e s u l t s  a r e  a l s o  r e p o r t e d  t o  t h e  sys tem,  when 
t h i s  i n f o r m a t i o n  c a n  b e  used i n  p l a n n i n g .  A c h a r g e  remains  on 
l i n e  i n  t h e  d a t a  b a s e  w h i l e  t h e r e  i s  one  s l a b  l e f t  i n  t h e  s t o c k ;  
t h e r e a f t e r  t h e  i n f o r m a t i o n  g o e s  on t o  magne t ic  t a p e .  The d a t a  
b a s e  i s  HDAM-organized, w i t h  t h e  c h a r g e  number a s  t h e  key t o  t h e  
r o o t .  

The data base for shipped material g i v e s  a n  image o f  a  s h i p -  
ment,  which i s  d e f i n e d  a s  a  d e l i v e r y  t o  t h e  same p l a c e  on  t h e  
same o c c a s i o n .  A d a t a  b a s e  e n t r y  i s  made when a  sh ipment  i s  r e -  
p o r t e d  and h a s  a  l i f e  of a b o u t  two months.  The d a t a  b a s e  i s  used 
a s  a  b a s i s  f o r  p u t t i n g  s h i p p i n g  s p e c i f i c a t i o n s  and f r e i g h t  b i l l s  
on p r i n t e r s  l o c a t e d  a t  t h e  s h i p p i n g  depar tment .  The most impor- 
t a n t  u s e  w i l l  b e  a s  a  b a s i s  f o r  q u i c k e r  and more a u t o m a t i c  i n -  
v o i c i n g .  The o b j e c t i v e  i s  t o  i n v o i c e  on t h e  same day  a s  goods 
a r e  s e n t  o r ,  a t  t h e  l a t e s t ,  on  t h e  f o l l o w i n g  day  w i t h o u t  hav ing  
t o  i n c r e a s e  e x i s t i n g  s t a f f .  The d a t a  b a s e  is HDAM-organized, 
w i t h  t h e  s h i p p i n g  number a s  a  key.  

The data base for customer dnformation c o n t a i n s  i n f o r m a t i o n  
a b o u t  cus tomers .  A l l  cus tomers  a r e  r e g i s t e r e d ,  and a  new o r d e r  
c a n n o t  be a c c e p t e d  by t h e  system u n t i l  t h e  customer concerned i s  
a c c e s s i b l e  i n  t h e  d a t a  b a s e .  S p e c i a l  c o n d i t i o n s  concern ing  
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Figure 7. Data base for charge ingot slab. 

customer d e l i v e r i e s  a r e  r e g i s t e r e d ,  and t h e y  a r e  e a s i l y  a c c e s s -  
i b l e  f o r  o r d e r  p r o c e s s i n g .  A r e f e r e n c e  t o  t h e  o r d e r  d a t a  b a s e  
i s  a v a i l a b l e  f o r  a l l  t h e  c u s t o m e r ' s  o r d e r s .  The d a t a  b a s e  i s  
HDAM-organized, w i t h  t h e  customer number a s  key. An a l t e r n a t i v e  
way of  r e a c h i n g  t h e  r o o t  segments  i s  v i a  a  c r o s s - r e f e r e n c e  w i t h  
a  customer a b b r e v i a t i o n  a s  key.  T h i s  i s  t h e  normal way f o r  a n  
o p e r a t o r  t o  r e a c h  t h e  customer i n f o r m a t i o n .  

The o r i g i n a l  DORIS system had a  1 5 - d i g i t  d i r e c t - o r g a n i z e d  
f i l e .  Upon c o n s i d e r a t i o n ,  w e  d e c i d e d  t o  c r e a t e  one  d a t a  b a s e  
f o r  t h e  m a j o r i t y  o f  f i l e s  r a t h e r  t h a n  c r e a t e  a  d a t a  b a s e  f o r  
e a c h  DORIS f i l e .  The key t o  t h e  r o o t  i s  made up o f  t h e  o l d  
DORIS key and a  name f o r  t h e  dependent  segment i n  which w e  a r e  
i n t e r e s t e d .  The dependent  segment has  t h e  same l e n g t h  and 
appearance  a s  t h a t  of t h e  DORIS r e c o r d .  B a s i c a l l y ,  t h e  f i l e  
d e s i g n  i n  t h e  DIS i s  t h e  same a s  t h a t  used i n  t h e  DORIS system.  
The d a t a  b a s e  is HDAM-organized. 

IMPLEMENTATION OF DIS 

The t i m e  s c h e d u l e  f o r  t h e  i n t e g r a t i o n  of t h e  DIS is shown 
i n  Tab le  1 .  



Table 1 .  Implementation of Domnarvet Information System. 

May 1972 Domnarvets Jernverk decided t o  o p t  f o r  a h igh ly  
i n t e g r a t e d  information system (DIS-Domnarvet In- 
formation System) f o r  product ion,  admin is t ra t ion ,  
and marketing se rv ices .  The plan was f o r  t h e  use  
of t h e  l a t e s t  d a t a  processing technique 24 hours 
opera t ion ,  seven days a week. 

October 1972 Decision t o  implement a p p l i c a t i o n  subsystems: order  
e n t r y ,  inventory c o n t r o l  system f o r  f i n i s h e d  pro- 
d u c t s ,  shipping,  product ion planning and c o n t r o l  
including DORIS. 

October 1973 Detai led system design of t h e  subsystems. 

November 1974 On-line s t a r t  using customer and c o n t r a c t  d a t a  
bases i n  t h e  o r d e r  e n t r y  department. 

February 1975 On-line prepara t ion  of t h e  f i r s t  product group. 
Successive s t a r t - u p  of t h e  inventory c o n t r o l  and 
shipping systems f o r  t h e  same product group. 

May 1975 The new production planning and cont ro l  system be- 
comes opera t iona l .  I t  inc ludes  func t ions  f o r  
planner-computer (3270) combination a t  charges 
from t h e  a c t u a l  s l a b  requirements. 

December 1975 Order p repara t ion ,  inventory c o n t r o l ,  and shipping 
system f o r  a l l  product groups opera t iona l .  

Education 

Over 2 0 0  people in various positions have been trained in 
DIS. About 100 of these were given courses in introduction to 
data processing, concept and features of IMS, and detailed 
application courses for terminal operators. 

Availability 

High system availability is essential to the successful 
operation of the steel plant. Domnarvet has designed and imple- 
mented several means to accomplish 24-h operation of the system. 
The target is to provide uninterrupted terminal service with a 
maximum interruption of 5 to 10 minutes. Availability consider- 
ations affect many areas of the data processing (DP) shop, in- 
cluding hardware, software, operation, and application development. 

Configuration 

From the viewpoint of system development and central pro- 
cessor utilization, the most important decision was to operate 



i n  a  d u a l  manner t h a t  a l l ows  t e s t i n g  of new a p p l i c a t i o n s  o r  
mod i f i ca t i ons  on one system, wh i l e  a l lowing  t h e  o t h e r  system t o  
handle t h e  24-h product ion  load .  I n  a d d i t i o n  t o  t h i s  back-up 
c a p a b i l i t y  t h e  hardware c o n f i g u r a t i o n  was designed t o  provide  
f l e x i b l e  a l t e r n a t i v e  connect ions  s o  a s  t o  reduce  t h e  number and 
d u r a t i o n  of system outages  i n  c a s e  of f a i l u r e  of an i n d i v i d u a l  
component. Examples of t h i s  hardware i nc lude  t h e  u se  of power 
i s o l a t i o n ,  s t r i n g  swi tch ing ,  and two channel  swi tches  f o r  most 
1 /0  s e r v i c e s .  

Software 

The u s e  of IMS/VS sof tware  has  been very  s u c c e s s f u l .  Impor- 
t a n t  f u n c t i o n s  a r e  t h e  program i s o l a t i o n  f e a t u r e  which suppor t s  
au tomat ic  back o u t  i n  ca se  an a p p l i c a t i o n  ends and t h u s  reduces  
t h e  o p e r a t i o n a l  a c t i v i t i e s  t o  r e s t a r t  t h e  system. Equally va lu-  
a b l e  i s  t h e  "Write-Ahead-Log-Tape" f e a t u r e  of IMS/VS which en- 
s u r e s  logging  of a l l  d a t a  base  changes p r i o r  t o  performing t h e  
update .  

I n  a d d i t i o n  t o  t h e s e  s t anda rd  IMS/VS so f tware  c a p a b i l i t i e s ,  
Domnarvet has  inc luded  a  minor mod i f i ca t i on ,  i . e . ,  logging t h e  
l a s t  t h r e e  l o g  r e c o r d s  on d i s k  thereby  he lp ing  t o  overcome 
recovery  s i t u a t i o n s .  

Recovery Procedures 

F a i l u r e  s i t u a t i o n s  p u t  heavy s t r e s s  on o p e r a t o r s ,  wi th  most 
new e r r o r s  be ing  caused by improper o p e r a t i o n a l  (human) r e a c t i o n .  
The recovery  procedures were t h e r e f o r e  des igned  t o  s i m p l i f y  t h e  
s t e p s  f o r  recovery .  A recovery  handbook i s  a t  t h e  o p e r a t o r ' s  
d i s p o s a l  and c o n t a i n s  s t anda rd i zed  procedures f o r  v a r i o u s  f a i l u r e  
s i t u a t i o n s .  The o p e r a t o r s  a r e  h i g h l y  t r a i n e d  i n  t h e  u s e  of t h e  
procedures .  A s  a  r e s u l t ,  systems a n a l y s t s  a r e  r a r e l y  needed t o  
s o l v e  abnormal s i t u a t i o n s .  

Planned Stop  of 24-h Operat ion 

To ensu re  a  h igh  respons iveness  f o r  recovery  of messages 
and d a t a  bases ,  t h e  IMS/VS system i s  stopped p e r i o d i c a l l y  t o  
copy on t a p e  t h e  c u r r e n t  s t a t u s  of t h i s  in format ion .  Also,  
d u r i n g  t h i s  per iod  a p p l i c a t i o n  mod i f i ca t i ons  o r  new a p p l i c a t i o n s  
can  be i nco rpo ra t ed  i n t o  t h e  product ion  system. 

Cons iderable  des ign  and planning e f f o r t s  have been made t o  
l i m i t  t h e  d u r a t i o n  of and th-e human i n t e r v e n t i o n  i n  a  planned 
s top .  A s  a  r e s u l t ,  planned s t o p s  of about  1 0  minutes ,  a r e  made 
f i v e  t imes  per  week, du r ing  which t ime t h e  24-h product ion  d a t a  
bases  a r e  copied .  Reorganiza t ion  of d a t a  bases  has  been done 
tw ice  i n  a  seven month pe r iod ,  t h e  need f o r  t h i s  being kep t  low 
by d a t a  base  des ign  c o n s i d e r a t i o n s .  



System Adminis t ra t ion  

During t h e  implementation phase d a i l y  o p e r a t i o n s  were 
monitored by a  system a d m i n i s t r a t i o n  group c o n s i s t i n g  of t h r e e  
people .  Thei r  f u n c t i o n  was t o  r eco rd  and follow-up a l l  oper -  
a t i o n a l  problems, t o  coo rd ina t e  mod i f i ca t i ons  and changes t o  be 
inc luded  i n  t h e  system, and t o  s u p e r v i s e  t h e  machine room. Thei r  
a c t i v i t i e s  inc luded  reading  t h e  console  s h e e t  every  morning and 
checking t h e  c o r r e c t i o n s  of t h e  d a i l y  procedures .  Weekly meet- 
i n g s  were he ld ,  t o g e t h e r  w i th  IBM s t a f f ,  t o  rev iew t h e  c u r r e n t  
s t a t u s .  A s  a  b a s i s  f o r  d i s c u s s i o n ,  t h e  a d m i n i s t r a t i o n  group has  
r e s p o n s i b i l i t y  f o r  p repa r ing  a  weekly s t a t u s  r e p o r t  con ta in ing ,  
f o r  example, in format ion  on t h e  most s e r i o u s  problems encountered,  
and system mod i f i ca t i ons  done. 

RESULTS OF IMPLEMENTING DIS 

Users '  doub t s  (and f e a r s )  when f aced  w i t h  a  system i n  oper- 
a t i o n  decreased  a s  t hey  became accustomed t o  d a t a  p roces s ing  
p r a c t i c e s .  There were many who, up t o  a c t u a l  s t a r t - u p  of t h e  
o p e r a t i o n ,  were h igh ly  c r i t i c a l  b u t ,  a f t e r  one month, became 
e n t h u s i a s t i c  suppor t e r s  of t h e  new technique .  A qumber of a c t i v -  
i t i e s  were s i m p l i f i e d ,  o p e r a t i o n s  i nc reased  i n  speed and q u a l i t y  
over  t h o s e  procedures  t h a t  r equ i r ed  more manual handl ing .  

S t i l l  t h e r e  were compla in ts ,  e . g . ,  t h e  p r i n t e r s ,  i n  p a r t i -  
c u l a r  t h e  3288, were t o o  noisy ;  t h e  keyboard ca thode  r a y  d i s p l a y  
s t a t i o n s  could n o t  be s e t  on convent iona l  o f f i c e  f u r n i t u r e  and 
r e q u i r e d  s p e c i a l  a d a p t a t i o n  of t h e i r  own; t h e  d i s p l a y s  on t h e  
s c r e e n s  could be troublesome, o f t e n  r e q u i r i n g  a  change i n  room 
l i g h t i n g .  

A major investment  i nvo lv ing  s e v e r a l  subpro j ec t s  c a r r i e d  
o u t  s imul taneous ly  and t h e  e x t e n s i v e  upgrading of t h e  o p e r a t i n g  
system (OS/VSI, IMS/VS--the f i r s t  t e s t  s i t e  l o c a t e d  o u t s i d e  t h e  
United S t a t e s )  have r e s u l t e d  i n  an i n e f f e c t i v e  e f f o r t .  We would 
o the rwi se  most l i k e l y  have had t o  c a r r y  o u t  t e s t s  w i th  very  
s imple a p p l i c a t i o n s  t o  l e a r n ,  w i th  t h e  h e l p  of IBM, how t o  use  
d a t a  bases  and how t o  communicate wi th  d a t a  through ca thode  r a y  
d i s p l a y  s t a t i o n s .  

The customer department ,  which pays f o r  t h e  work c a r r i e d  
o u t ,  must be i n  t h e  f o r e f r o n t  and have a  managerial  p o s i t i o n .  
The u s e r  works i n  a  p r o j e c t  group and responds,  among o t h e r  
t h i n g s ,  t o  program and t r a i n i n g  mod i f i ca t i ons  w i t h i n  each group.  
Technica l  s p e c i a l i s t s  a r e  ass igned  w i t h i n  each group,  and t o g e t h e r  
wi th  t h e  t e c h n i c a l  group,  a r e  r e s p o n s i b l e  f o r  t h e  des ign  documen- 
t a t i o n  and s t anda rds  app l i ed  t o  d a t a  bases  and d a t a  communication. 

T ra in ing  of u s e r s  and DP s t a f f  ha s  been more ex t ens ive  t han  
planned.  Data techniques  cannot  be s o l e l y  placed w i t h i n  a  tech-  
n i c a l  group,  and t h e  b e s t  r e s u l t  w i l l  be obta ined  i f  t h e  t e c h n i c a l  
groups and t h e  s p e c i a l i s t s  have knowledge of t h e  o t h e r s '  t a s k s  
and j o i n t l y  des ign  t h e  d a t a  bases  and d a t a  communication system. 



I n i t i a l l y ,  a v a i l a b i l i t y  was hampered by s e v e r a l  c i rcum- 
s t a n c e s ,  e . g . ,  power f a i l u r e ,  a i r  c o n d i t i o n i n g  breakdowns, and 
normal  change  o v e r  p rob lems  c a u s e d  by t h e  newness o f  t h e  sys tem.  
As more e x p e r i e n c e  was g a i n e d ,  a v a i l a b i l i t y  was improved by 
f a s t e r  h a n d l i n g  o f  r e c o v e r y  s i t u a t i o n s .  F o r  t h e  second h a l f  
o f  1975, a n  o v e r a l l  a v a i l a b i l i t y  o f  97% was a c h i e v e d ,  i n c l u d i n g  
p lanned  s t o p s .  

About 700,000 DL/1 c a l l s  a r e  e x e c u t e d  d a i l y ,  90% of  which 
a r e  GET-calls and 10% UPDATE c a l l s ;  60% o f  a l l  t r a n s a c t i o n s  
modify  d a t a  b a s e s .  The number o f  t r a n s a c t i o n s  p e r  d a y  a v e r a g e s  
13 ,000  w i t h  a b o u t  80% d u r i n g  b u s i n e s s  h o u r s  (8.00 t o  1 7 . 0 0 ) .  
So f a r ,  a  peak r a t e  o f  1  t r a n s a c t i o n / s e c  h a s  n o t  been  exceeded .  

The t r a n s a c t i o n  l o a d  i s  hand led  o n  a  p r i o r i t y  b a s i s  i n  f o u r  
p a r t i t i o n s ,  t o  e n s u r e  s a t i s f a c t o r y  r e s p o n s e  t i m e .  These  a r e :  

- DORIS ( p r o d u c t i o n )  P a r t i t i o n  1  

- Order  e n t r y ,  i n v e n t o r y ,  s h i p p i n g  P a r t i t i o n  2 

- F a s t  l i s t i n g  and l o n g  t r a n s a c t i o n s  P a r t i t i o n  3  

- Long l i s t i n g s  P a r t i t i o n  4 

The s y s t e m  u s a g e  by a p p l i c a t i o n  a r e a  i s  shown i n  T a b l e  2 .  

T a b l e  2 .  System u s a g e  by a p p l i c a t i o n .  

A p p l i c a t i o n  T r a n s a c t i o n s  DL/1 C a l l s  
Area (%)  ( % )  

DORIS ( P r o d u c t i o n )  46 

Order  E n t r y  2 8 

S t o c k  14  

Sh ipp ing  1 2  

The r e s p o n s e  t i m e  i s  a  f u n c t i o n  o f  t h e  s y s t e m / l i n e  l o a d i n g  
and p r o c e s s i n g / t r a n s m i s s i o n  t i m e  o f  t r a n s a c t i o n s .  Most t r a n s a c -  
t i o n s  i n  a l l  p a r t i t i o n s  a r e  hand led  i n  less t h a n  two s e c o n d s ,  
w h i l e  o u t p u t  t r a n s m i s s i o n  depend ing  on l i n e  speed  v a r i e s  f rom 
2 t o  10 s e c o n d s .  

C e n t r a l  p r o c e s s i n g  u n i t  (CPU) u t i l i z a t i o n  a v e r a g e s  a round  
30 p e r c e n t ,  d u r i n g  peak l o a d  60 p e r c e n t  u t i l i z a t i o n  c a n  b e  
r e a c h e d  (370/158) . 



CONCLUSION 

Based on t h e  systems d e s c r i b e d  above, we b e l i e v e  t h a t  a l l  
t h e  c o n d i t i o n s  a r e  p r e s e n t  t o  f u r t h e r  deve lop  t h e  product ion  
p lanning  and c o n t r o l  system f o r  t h e  s t ee lworks  up t o  t h e  f i n i s h e d  
product .  

The a c t u a l  c o s t s  have n o t  a s  y e t  been computed (system s t a r t -  
up i s  s t i l l  t o o  r e c e n t ) ,  b u t  a  rough e s t i m a t e  shows t h e  sav ings  
r e a l i z e d  through r a t i o n a l i z a t i o n  of t h e  system, a s  e s t ima ted .  
An i n c r e a s e  i n  t h e  c e n t r a l  p rocessor  c a p a c i t y  over  what was 
o r i g i n a l l y  planned has ,  however, proved necessary .  The number 
of CALL/TRANS occurrences ,  f o r  example, exceeds 30, whereas 
f o r e c a s t s  on ly  provided f o r  5 t o  10. 

During 1976 ,  p r o j e c t s  f o r  s i m i l a r  systems w i l l  be  s t a r t e d  
up i n  t h e  f i e l d s  of heavy p l a t e s  and coa t ed  products .  F u t u r e  
developments a r e  planned inc lud ing  maintenance of o r d e r  e n t r y ,  
i nven to ry  c o n t r o l ,  and sh ipping  systems p laced  t h e  r e s p o n s i b i l i t y  
of a  p r o j e c t  group whose job  w i l l  be  t o  develop  invo ic ing  and 
market ing a p p l i c a t i o n s .  



D i s c u s s i o n  

A number of q u e s t i o n s  w e r e  r a i s e d  a b o u t  t h e  r e l i a b i l i t y  o f  
t h e  sys tem d i s c u s s e d  i n  t h e  Holmberg p a p e r .  Holmberg p o i n t e d  
o u t  t h a t  t h e  r e l i a b i l i t y  o f  t h e  sys tem was 96.7  p e r c e n t .  I n  
1976, f o r  example ,  t h e r e  were 502 s t o p p a g e s .  I n  one  c a s e  t h e r e  
were  2104 r u n s ;  0 .7  p e r c e n t  were p lanned  s t o p p a g e s  f o r  ha rdware  
i n s t a l l a t i o n s ,  and 0.67 p e r c e n t  w e r e  p lanned  s t o p p a g e s  f o r  s o f t -  
ware i n s t a l l a t i o n s .  I n  o t h e r  i n s t a n c e s ,  t h e r e  w e r e  f i v e  s t o p p a g e s  
i n  a  week, a p p r o x i m a t e l y  one  s t o p p a g e  p e r  day.  About t e n  m i n u t e s  
a r e  needed t o  g e t  t h e  sys tem i n t o  o p e r a t i o n  a f t e r  a  s toppage .  
He emphasized t h a t  t h e r e  had been no p r o d u c t i o n  s t o p p a g e s  owing 
t o  computer sys tem f a i l u r e s .  

Rep ly ing  t o  a n  i n q u i r y  a b o u t  t h e  sys tem a r c h i t e c t u r e ,  
Holmberg s t a t e d  t h a t  it i s  a  v e r y  c e n t r a l i z e d  sys tem w i t h  25 
d i f f e r e n t  d a t a  b a s e s .  The sys tem c u r r e n t l y  i n c l u d e s  a b o u t  100 
t e r m i n a l s .  Domnarvets Je rnwerk  i s  s a t i s f i e d  w i t h  t h e  p r e s e n t  
l e v e l  o f  sys tem i n t e g r a t i o n ,  and e v e r y  c o n t r o l  u n i t  i n  t h e  p l a n t  
h a s  a  s p a r e  l i n e .  

D i s c u s s i o n  t h e n  c e n t e r e d  on t h e  o r g a n i z a t i o n a l  s t r u c t u r e  o f  
t h e  d a t a  p r o c e s s i n g  (DP) d e p a r t m e n t s  i n  steel p l a n t s .  It  was 
p o i n t e d  o u t  t h a t  o f t e n  e i t h e r  t h e  sys tem d e p a r t m e n t  o r  t h e  DP 
d e p a r t m e n t  i s  under  t h e  c o n t r o l  o f  t h e  F i n a n c e  D i r e c t o r .  The 
i m p l e m e n t a t i o n  o f  a n  i n t e g r a t e d  sys tem h a s  a n  enormous e f f e c t  
o n  t h e  o r g a n i z a t i o n  and r e d i s t r i b u t i o n  of "power" i n  companies-- 
power b e i n g  d e f i n e d  a s  knowledge and i n f o r m a t i o n .  The p r e s i d e n t  
o r  t h e  board of a  f i r m  o f t e n  d e l e g a t e s  power t h a t  p e r h a p s  s h o u l d  
n o t  b e  d e l e g a t e d .  I n  t .h is  i n s t a n c e ,  t h e  f i n a n c e  d e p a r t m e n t  w i l l  
o n l y  have c o n t r o l  n o t  o n l y  o v e r  where i n f o r m a t i o n  i s  d i s t r i b u t e d ,  
b u t  a l s o  o v e r  what i n f o r m a t i o n  i s  g e n e r a t e d .  

Other  problem a r e a s  were ment ioned .  An example was g i v e n  
o f  a  "comple ted"  s y s t e m - - i . e . ,  a  sys tem t h a t  h a s  been d e s i g n e d ,  
programmed, and t e s t e d  w i t h  r e a l  d a t a  b u t  n o t  implemented,  and i s  
n o t  a  s i n g l e  module.  One r e a s o n  f o r  t h i s  h a s  been t h e  d i f f i c u l t y  
i n  g e t t i n g  t h e  d e s i g n  e n g i n e e r i n g  d e p a r t m e n t  and t h e  t e c h n i c a l  
a n d  t h e  sys tems  d e p a r t m e n t s  t o  a g r e e  on a  s i m p l e  p o i n t  l i k e  c o d i n g  
a  m a t e r i a l  c a t a l o g u e .  A f t e r  e i g h t  months o f  d i s c u s s i o n ,  no 
agreement  h a s  been r e a c h e d  on a  c o d i n g  sys tem.  

O p p o s i t i o n  t o  implement ing i n t e g r a t e d  management sys tems  
c a n  b e  v e r y  s t r o n g .  Al though a  sys tem may improve t h e  economic 
pe r fo rmance  o f  a  f i r m  ( p e r h a p s  t o  a n  e x t e n t  t h a t  may n o t  e v e n  b e  
q u a n t i f i a b l e ) ,  t h i s  f a c t  i s  n o t  i m p o r t a n t  t o  many o f  t h e  p e r s o n n e l  
An example o f  a n o t h e r  f a c t o r  t h a t  must be  c o n s i d e r e d  i n v o l v e s  t h e  
s e t t i n g  u p  of a  d a t a  b a s e .  I n  t h e  p r o c e s s  o f  c o m p u t e r i z i n g  t e c h -  
n i c a l  i n f o r m a t i o n ,  e r r o r s  may be uncovered t h a t  had gone u n d e t e c t -  
ed f o r  some t ime  under  t h e  manual sys tem,  and u n d e r s t a n d a b l y ,  
managers  may b e  u n w i l l i n g  t o  s e e  t h e s e  problems made p u b l i c .  



TOPS: T o t a l  On-Line P r o d u c t i o n  C o n t r o l  System 

I n  t h e  Kashima S t e e l  Works 

T. Toyoda and  H. Tokuyama 

INTRODUCTION 

W e  named o u r  sys tem TOPS, b e c a u s e  we aimed t o  make a  T o t a l  
On- l ine  P r o d u c t i o n  c o n t r o l  System.  I w i l l  g i v e  you t h e  g e n e r a l  - 
p i c t u r e  o f  TOPS, and t h e n  d e s c r i b e  t h e  sys tem of t h e  heavy p l a t e  
m i l l  a l o n g  t h e  f low of  t h e  p r o d u c t i o n  p r o c e s s e s .  

Sumitomo Meta l  i s  o n e  of t h e  f i v e  l e a d i n g  steel  companies  
i n  J a p a n  (see T a b l e  1 ) .  I t  p r o d u c e s  a b o u t  13.4 M t  o f  c r u d e  s t e e l  
a  y e a r .  It  h a s  f i v e  works ,  t h r e e  of which a r e  i n t e g r a t e d  s t e e l  
works;  Kashima i s  t h e  most modern (see T a b l e  2 )  and  i s  l o c a t e d  
on t h e  c o a s t  f a c i n g  t h e  P a c i f i c  Ocean, a b o u t  100 km from Tokyo. 
I t  p r o d u c e s  7 .4  M t  o f  c r u d e  s t e e l  a  y e a r ,  a l o n g  w i t h  11.5 M t  o f  
heavy p l a t e s ,  U and 0  formed l a r g e  s i z e  welded p i p e s ,  h o t  and 
c o l d  s t r i p s ,  b u t t  welded p i p e s ,  welded l i g h t  gauge s h a p e s ,  and  
l a r g e  s h a p e s .  

T a b l e  1 .  Lead ing  s t e e l  i n d u s t r i e s  i n  J a p a n  i n  1975 
( m i l l i o n  t o n s  p e r  y e a r )  . 

Company 

N i p p o n  Kokan K.K. I 1 4 . 7  

C r u d e  S t e e l  P r o d u c t i o n  

N i p p o n  S t e e l  C o r p .  

Sumitorno Metal I n d u s t r i e s ,  L t d .  1 3 . 4  

3 2 . 5  

K a w a s a k i  S t e e l  C o r p .  I 1 3 . 3  

Kobe  S t e e l  W o r k s ,  L t d .  I 7 . 7  



T a b l e  2. Sumitomo M e t a l s  and i t s  works i n  1975 
( m i l l i o n  t o n s  p e r  y e a r ) .  

Capi ta l  Y82,976 mi l l i on  ($284 mi l l i on )  

Employees 32,656 (Oct. '75) 

Works 7 
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Amagasaki I 
Wakayama 
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Kashima 

Main Products 
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I ron  

- 

- 

6.1 

1 .9  

5.6 
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Castings & Forgings 

Tubes & Pipes 

Crude 
S t e e l  

0.3 

0.1 

6.1 

1 .8  

5.1 

P l a t e s ,  Tubes, & Pipes 

Wires, Rods, & Sections 

P l a t e s ,  Pipes,  & Shapes 

The main f a c i l i t i e s  of  t h e  Kashima Works a r e  a s  f o l l o w s :  
t h r e e  b l a s t  f u r n a c e s  of  t h e  4000 m3 c l a s s ,  where t h e  f i r s t  
f u r n a c e  i s  c u r r e n t l y  under  r e p a i r .  Two s t e e l m a k i n g  p l a n t s ,  one 
of  which h a s  t h r e e  v e s s e l s  c a p a b l e  of 250 t p e r  h e a t .  The o t h e r  
h a s  two v e s s e l s  of  t h e  same c a p a c i t y .  Two c o n t i n u o u s  c a s t i n g  
machines  and a  u n i v e r s a l  s l a b b i n g  m i l l  produce s l a b s  f o r  t h e  
heavy p l a t e  m i l l ,  t h e  h o t  s t r i p  m i l l ,  and t h e  l a r g e  shape  m i l l .  
A c e r t a i n  amount of  blooms f o r  t h e  l a r g e  shape  m i l l  i s  produced 
i n  t h e  Wakayama Works. 

Tota l  

COMPUTER NETWORK 

F i g u r e  1  shows t h e  o u t l i n e  of  t h e  computer network of o u r  
company. Computers of t h e  Head O f f i c e  and t h e  Works a r e  connec ted  
w i t h  t h e  d a t a  t r a n s m i t t i n g  l i n e s  t o  each  o t h e r ,  and t h e  d a t a  a r e  
t r a n s m i t t e d  once  a  day.  

13.6 

D a i l y  o p e r a t i o n a l  sys tems  c o n s i s t  of  t h e :  

13.4 

- s a l e s  system of t h e  Head O f f i c e  which p r o c e s s e s  t h e  
i n f o r m a t i o n  a b o u t  o r d e r  e n t r y ,  o r d e r  s t a t u s ,  and sub-  
m i t t i n g  b i l l s ,  and 

- p r o d u c t i o n  c o n t r o l  sys tem of  t h e  Works which per forms  
p r o d u c t i o n  p l a n n i n g  and i n s t r u c t i o n s ,  p r o c e s s  c o n t r o l ,  
and a c t u a l  d a t a  g a t h e r i n g .  



C u s t o m e r  Head office Solas o f f lce  

Compurrr Cornputen d 
Hrod officr 

Figure 1.  Computer networks. 

These systems a r e  supported by t h e  management systems t h a t  process  
t h e  informat ion  about  purchasing,  f i nance ,  c o s t  account ing ,  
personnel ,  and p a y r o l l  ( s ee  Figure  2 )  . 

(Manaqement systems) [ Sales system ] 

Works system ) I 1[~oductlon control 

Rw mater ia ls  

Fbrchaslng 
a n 8  InstrucPfion 
Process control 

Cost accounting - Actual data gathering 
Technique 

Malntenance 

S tee l  center systems 

F'igurr 2. Functions of computer systcms. 



When t h e  Order  E n t r y  System r e c e i v e s  a n  o r d e r  f rom a  
cus tomer  ( s e e  F i g u r e  3 ) ,  t h e  sys tem c h e c k s  t h e  s p e c i f i c a t i o n  
o f  t h e  o r d e r ,  and  d e c i d e s  which Works i s  b e t t e r  a b l e  t o  p roduce  
t h i s  o r d e r  r e g a r d i n g  b o t h  m a n u f a c t u r i n g  s t a n d a r d  and m i l l  l o a d .  
Then t h e  o r d e r  i n f o r m a t i o n  i s  t r a n s m i t t e d  t o  t h e  Works. The 
Order  S t a t u s  System m o n i t o r s  t h e  s t a t u s  o f  p r o d u c t i o n  p r o g r e s s  
i n  e a c h  works.  The Sh ipp ing  and B i l l s  sys tem s u b m i t  b i l l s  when 
s h i p p i n g  i n f o r m a t i o n  i s  r e c e i v e d  f rom t h e  Works. 

Soles system o f  H e a d  O f f  l c r  

Checklno of 
cusmmer's speslflcotlon 

Calculation of m l l l i  load 

- Order 4 l lo tmrnl  

Order s t a t u s  s y s t e m  

I I 
Shlpplng Intormllon 
Roductlon o r w r r s s  l n l a m a l  

R o c r s s  conlrol 

Figure 3. Sales systern of Head Office. 

CONFIGURATION OF TOPS 

TOPS h a s  t h r e e  l e v e l s  o f  h i e r a r c h y  and t h e s e  c o n t r o l  a l l  t h e  
f l o w  o f  i n f o r m a t i o n  and m a t e r i a l s  from o r d e r  e n t r y  t o  s h i p p i n g  
( F i g u r e  4 ) .  Leve l  1 i s  t h e  P r o d u c t i o n  P l a n n i n g  and Management 
System,  which c o n s i s t s  o f  t h e  f o l l o w i n g  subsys tems :  o r d e r  p ro -  
c e s s i n g ,  p r o d u c t i o n  p l a n n i n g ,  p r o d u c t i o n  s c h e d u l i n g ,  s h i p p i n g ,  
r e p o r t i n g ,  c o s t  a c c o u n t i n g ,  and o t h e r s .  Leve l  2 is  t h e  On- l ine  
P r o d u c t i o n  C o n t r o l  System whose f u n c t i o n s  a r e  o n - l i n e  o p e r a t i o n a l  
i n s t r u c t i o n s ,  r e s c h e d u l i n g  and a c t u a l  d a t a  g a t h e r i n g ,  under  l i n k a g e  
w i t h  t h e  p r o c e s s  compute r s .  Level  3 c o n s i s t s  of t h e  P r o c e s s  Con- 
t r o l  Systems.  

TOPS c o m p r i s e s  s i x  sets of  d a t a  p r o c e s s i n g  compute r s  and 38 
p r o c e s s  compute r s  ( F i g u r e  5 ) .  The sys tem o f  t h e  l a r g e  s h a p e  m i l l  
h a s  t h e  most  modern configuration. 
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Figure 4. Tops of Kashima Works. 

I I 
I Large shape \ 

Level I 

Roducfbn plomlng 

EL Monogernent System 

L r v r l  2 

On - llne production 

colrtrol 

- 
[Hot strip,Cold strip\ 

Levr l  3 

R o c u s  control 

On-line production control system 
of Steel making and slabbing 

On-line production control 
system of heavy plate mill 

- Operational instruction & 
rescheduling 

- Actual data gathering 

Figure 5. Computer configuration of TOPS. 

- Operational instruction 

- Actual data gathering 

NEAC 

2200/ 575 

* 

I i-\ 

- 

r 

Procesr Computrrr 

I38 sets lncludlng 22 mlnl cornputerr 1 

I BM 

370/158 

+ - 
t 1 

I EM 
370/158 

NEAC 

2200/375 

-~eavy Plate Mill 
- 

Procen Computers 
Mill Line & Finishing 

Line 

I BM 
370/158 

,----- - 

N EAC 

2200/375 

- 



I n  a  modern steel  works ,  f a c i l i t i e s  have  become l a r g e r  and 
l a r g e r .  The number and v a r i e t i e s  o f  o r d e r s  have become g r e a t e r ,  
b u t  t h e  l o t  s i z e  o f  o r d e r s  r e m a i n s  s m a l l .  As t h e  p r o d u c t i o n  
p r o c e s s  o f  s t e e l m a k i n g  i s  o f  t h e  breakdown t y p e ,  it becomes v e r y  
d i f f i c u l t  t o  make a  good p r o d u c t i o n  p l a n  w i t h o u t  t h e  a i d  o f  
compute r s .  W e  have  a  s h o r t  l e a d  t i m e  c o u p l e d  w i t h  a  h i g h  
t h r o u g h p u t  o f  modern f a c i l i t i e s .  T a b l e  3 shows t h e  l o t  a r r a n g e -  
ment  problem o f  heavy p l a t e  p r o d u c t i o n .  To minimize s u r p l u s  
m a t e r i a l s ,  t h e  f o l l o w i n g  i t e m s  a r e  e s s e n t i a l :  good s a l e s  ( i . e .  
l a r g e  l o t  s i z e s  and many o r d e r s ) ,  good t e c h n i c a l  s t a n d a r d s  
( i . e .  f l e x i b i l i t i e s  i n  p l a n n i n g ) ,  good o p e r a t i o n s  ( i . e .  s m a l l  
a l l o w a n c e  a t  t h e  p l a n n i n g  s t a g e ) ,  a n d  a  good p l a n  ( i . e .  f l e x i -  
b i l i t y  t o  c o p e  w i t h  changes  i n  t h e  a c t u a l  o p e r a t i o n ) .  A l l  t h e s e  
i t e m s ,  e s p e c i a l l y  t h e  l a s t  t h r e e ,  r e q u i r e  a  computer  sys tem 
(see F i g u r e  6 )  . As r e g a r d s  a  good p l a n ,  we have endeavored  t o  
a l l o c a t e  o r d e r s  l o g i c a l l y  t o  s u r p l u s  s l a b s  o r  t o  new h e a t s .  W e  
e s t a b l i s h e d  a n  o n - l i n e  r e a l l o c a t i o n  sys tem t o  a d j u s t  f o r  any  
c h a n g e  i n  a c t u a l  o p e r a t i o n ,  e .g .  a misblowing i n  t h e  b a s i c  
oxygen f u r n a c e  (BOF) . 

T a b l e  3 .  L o t  a r rangement  i n  heavy p l a t e  p r o d u c t i o n .  

Nos. of Order i n  Heavy P l a t e  M i l l  

Lot s i z e  

Cons t i tu t ion  
of l o t  

8000 orders/'month 

200 items/order - - - - - - - - - -Items - Quali ty of mater ia l  

2500 characters/order  - Shape 

- Dimension 

(30,000 orders/order  master f i l e )  - Delivery time 

P l a t e  

2-3t 

- 

Heat 

2 50t 

10 ingots  

- Delivery p lace  

- Production process 

- e t c .  

PRODUCTION CONTROL SYSTEM OF HEAVY PLATE 

Ingot 

25t 

4 s t ab s  

F i g u r e  7 i s  a  d i a g r a m  of  t h e  i n t e g r a t e d  p r o d u c t i o n  c o n t r o l  
sys tem of  heavy p l a t e s .  I w i l l  i n t r o d u c e  t o  you t h e  f u n c t i o n s  of 
t h i s  sys tem,  g o i n g  a l o n g  w i t h  t h e  f l o w  of o r d e r s  and m a t e r i a l s  
f rom a c c e p t i n g  o r d e r s  t o  s h i p p i n g  p r o d u c t s .  
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3 p l a t e s  
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Order  P r o c e s s i n a  

The computer checks  t h e  e r r o r s  i n  t h e  s p e c i f i c a t i o n  of  e a c h  
a c c e p t e d  o r d e r ,  and i n  t h e  c a s e  of  no e r r o r  and no s p e c i a l  s p e c i -  
f i c a t i o n ,  d e c i d e s  t h e  manufac tur ing  s p e c i f i c a t i o n  o f  t h e  o r d e r  
which c o n s i s t s  o f  a b o u t  200  i t e m s  ( s e e  F i g u r e  8 ) .  
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t ~ w  1 5 t a n c ~ 1  code, marking code) 2 

Figure 8. Order processing. 

Order  S e l e c t i o n  

The computer  c h e c k s  t h e  d e l i v e r y  d a t e  o f  e a c h  o r d e r  s t o r e d  
i n  t h e  o r d e r  f i l e s ,  and d e c i d e s  which o r d e r s  must b e  a s s i g n e d  t o  
t h e  d a i l y  p r o d u c t i o n  p l a n n i n g .  

Order  A l l o c a t i o n  t o  S u r p l u s  S l a b  

O r d e r s  a r e  checked a g a i n s t  s u r p l u s  p r o d u c t s  and s l a b s  f o r  
q u a l i t y  o f  m a t e r i a l ,  d imens ion ,  and y i e l d .  

P r o d u c t i o n  Lot Arrangement 

As ment ioned above,  t h e  p r o d u c t i o n  p r o c e s s  i s  o f  t h e  breakdown 
t y p e - - t h e  computer c l a s s i E i e s  o r d e r s  and a r r a n g e s  them i n t o  h e a t s ,  
i n g o t s ,  and s l a b s ,  a c c o r d i n g  t o  q u a l i t y  o f  m a t e r i a l ,  d imens ion ,  
y i e l d ,  p r o d u c t i v i t y ,  d e l i v e r y  d a t e ,  and s o  on.  A s  t h i s  p r o c e s s i n g  
i s  c r i t i c a l  f o r  t h e  e f f i c i e n c y  o f  p r o d u c t i o n ,  w e  w i l l  c o n s i d e r  
t h i s  p r o d u c t i o n  l o t  a r rangement  problem a g a i n  l a t e r  (see F i g u r e  9 ) .  
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Figure 9. Production lot arrangement of heavy plates. 

Steelmaking Scheduling 

According t o  t h e  product ion  l o t s  arrangement ,  t h e  me l t i ng  
shop program i s  prepared by man-machine communication us ing  t h e  
cathode-ray tube  (CRT) i n  t h e  c o n t r o l  c e n t e r .  

Ope ra t iona l  i n s t r u c t i o n s  f o r  s teelmaking and s l abb ing  a r e  
t r a n s m i t t e d  t o  p roces s  computers of bo th  s teelmaking and s l a b -  
bing i n  accordance wi th  t h e  me l t i ng  shop program. 

The steelmaking p roces s  computer and t h e  s l abb ing  p roces s  
computer a r e  app l i ed  t o  both  p roces s  and product ion  c o n t r o l .  The 
f u n c t i o n s  of p roces s  c o n t r o l  a r e  ( f o r  t h e  s tee lmaking  p roces s  
computer) t h e  c o n t r o l  of amount of raw m a t e r i a l s ,  end-point  con- 
t r o l  of BOF, and s t e e l  composi t ion c o n t r o l ,  and ( f o r  t h e  s l abb ing  
p roces s  computer) p r e d i c t i o n  of i n g o t  hea t ing  t ime,  charg ing  and 
drawing schedule  of i n g o t  a t  soaking p i t  ope ra t i on ,  m i l l  pac ing ,  
pa s s  schedul ing  c a l c u l a t i o n ,  and shea r  gauge c o n t r o l .  A f i n i s h e d  
s l a b  i s  t r a n s p o r t e d  t o  t h e  p l a c e  i n  t h e  s l a b  yard i n d i c a t e d  by 
t h e  e l e c t r i c a l  c h a r a c t e r  d i s p l a y .  



On-Line Reschedul ing  of t h e  M e l t i n g  Shop Program 

When t h e  aimed steel g r a d e  i s  n o t  o b t a i n e d  because  of m i s -  
b lowing,  t h e  computer s e a r c h e s  t h e  m e l t i n g  shop  program and re- 
a l l o c a t e s  t h e  h e a t  t o  o t h e r  s u i t a b l e  o r d e r s  i n  o r d e r  t o  minimize 
s u r p l u s  i n g o t s  and s l a b s .  I f  t h e  computer f a i l s  t o  f i n d  a  s u i t -  
a b l e  one ,  a  r e q u e s t  f o r  human judgment i s  d i s p l a y e d  on t h e  CRT 
i n  t h e  c o n t r o l  c e n t e r .  Much improvement of t h e  o r d e r - a s s i g n e d  
s l a b  r a t i o  h a s  been ach ieved  by t h i s  means. 

S l a b  Checking 

The computer r e c e i v e s  a c t u a l  d a t a  of produced s l a b  from t h e  
p r o c e s s  computer and judges  whether  it s a t i s f i e s  t h e  s p e c i f i c a -  
t i o n s  o r  n o t .  I f  n o t  s a t i s f i e d ,  t h e  computer r e q u e s t s  human 
judgment i n  t h e  c o n t r o l  c e n t e r .  

P r o d u c t i o n  P r o g r e s s  C o n t r o l  o f  S tee lmaking  and S l a b b i n g  

The p r o d u c t i o n  p l a n n i n g  and management computer r e c e i v e s  
a c t u a l  d a t a  on s t e e l m a k i n g  and s l a b b i n g  once  a  d a y ,  and r e f r e s h e s  
p r o d u c t i o n  p r o g r e s s  s t a t u s  f i l e s .  The o r d e r s  f o r  which s p e c i f i c a -  
t i o n s  were n o t  s a t i s f i e d  a r e  f e d  back t o  t h e  p r o d u c t i o n  p l a n n i n g  
f o r  t h e  n e x t  day .  

R o l l i n a  S c h e d u l i n a  f o r  t h e  Heavv P l a t e  M i l l  

According t o  t h e  i n f o r m a t i o n  of  s l a b s  produced f o r  p a r t i c u l a r  
o r d e r s ,  a  r o l l i n g  s c h e d u l e  i s  made g i v i n g  d a t e  f o r  d e l i v e r y  o f  
o r d e r ,  s l a b  h e a t i n g  c o n d i t i o n s ,  r o l l i n g  c o n d i t i o n s ,  and f i n i s h i n g  
c o n d i t i o n s .  Based on t h e  r o l l i n g  s c h e d u l e ,  s l a b  c o n d i t i o n i n g  
i n s t r u c t i o n s  a r e  o u t p u t  a t  t h e  t e r m i n a l s  i n  t h e  s l a b  yard  p u l p i t .  
A f t e r  c o n d i t i o n i n g ,  t h e  w e i g h t  o f  t h e  s l a b  i s  checked t o  see i f  
it s a t i s f i e d  t h e  r e q u i r e d  amount o r  n o t .  I f  n o t ,  t h e  r o l l i n g  
s c h e d u l e  i s  modi f ied ,  and r e j e c t e d  o r d e r s  a r e  f e d  back t o  re- 
r o l l i n g  p r o c e s s i n g .  The r o l l i n g  s c h e d u l e  i n v o l v e s  r o l l i n g  s i z e ,  
f i n i s h i n g  and t e s t i n g  s p e c i f i c a t i o n ,  and s o  on.  

According t o  t h e  r o l l i n g  s c h e d u l e ,  t h e  o n - l i n e  p r o d u c t i o n  
c o n t r o l  computer t r a n s m i t s  r o l l i n g ,  s h e a r i n g ,  marking,  and i n -  
s p e c t i o n  i n s t r u c t i o n s  i n  a  t i m e l y  manner t o  t h e  p r o c e s s  computers  
t h r o u g h  t h e  d i r e c t  d a t a  l i n k a g e  l i n e .  

Heavy P l a t e  M i l l  P r o c e s s  C o n t r o l  

I n  t h e  m i l l  l i n e  t h e r e  i s  o n e  p r o c e s s  computer ,  and i n  t h e  
f i n i s h i n g  l i n e  two; a l l  a r e  l i n k e d  w i t h  t h e  o n - l i n e  p r o d u c t i o n  



c o n t r o l  computer. Fu r the r  i n  t h e  m i l l  l i n e ,  t h e r e  a r e  two sub- 
computers e x c l u s i v e l y  f o r  c a l c u l a t i o n  of t h e  d r a f t  schedule  and 
ano the r  one f o r  p o s i t i o n  c o n t r o l  l i nked  wi th  t h e  m i l l  l i n e  
p roces s  computer ( s e e  F igu re  1 0 )  . 

NEAC 2ZQ3I575 

tmoqn8llc r o p l  

Figure 10. Computer control system (mill line). 

When t h e  s l a b  is  pos i t i oned  on t h e  s l a b  s c a l e  a t  t h e  e n t r a n c e  
of t h e  fu rnaces ,  t h e  f u n c t i o n  of  s l a b  t r a c k i n g  i s  i n i t i a t e d  by 
t h e  i n p u t  of t h e  s l a b  i d e n t i f i c a t i o n  number from t h e  CRT key and 
then  t h e  p roces s  computer a c c e p t s  a l l  t h e  d a t a  r equ i r ed  f o r  p roces s  
c o n t r o l  and o p e r a t i n g  i n s t r u c t i o n s  from t h e  o n - l i n e  product ion  
c o n t r o l  computer.  The p rog re s s  of t h e  s l a b  i s  t r acked  by h o t  me ta l  
d e t e c t o r s  from when it appears  o u t  of t h e  fu rnace ,  u n t i l  it a r r i v e s  
a t  t h e  coo l ing  bed. The computer t r a n s m i t s  t h e  d a t a  ga the red  i n  
t h e  m i l l  l i n e  t o  t h e  f i n i s h i n g  l i n e  p roces s  computer. The i n s t r u c -  
t i o n s  f o r  o p e r a t i o n s  i n  t h e  m i l l  l i n e  a r e  a l l  performed by t h e  
p roces s  computer on l i n e .  

The t r a c k i n g  c o n d i t i o n s  and t h e  o p e r a t i n g  i n s t r u c t i o n s  can  
be confirmed by t h e  o p e r a t o r  w i th  t h e  CRT of t h e  p u l p i t  and t h e  
t r a c k i n g  board.  Process  c o n t r o l  f u n c t i o n s  of m i l l  l i n e  computer 
a r e  width c o n t r o l ,  t h i c k n e s s  c o n t r o l ,  f l a t n e s s  c o n t r o l ,  and 
au tomat ic  r e v e r s e  r o l l i n g .  



F i n i s h i n g  Line Computer 

A t  t h e  f i n i s h i n g  l i n e  of t h e  p l a t e  m i l l ,  t h e  s e r i e s  of works 
a r e  processed inc lud ing  dimension measuring and marking, c u t t i n g  
o r  f l aw  i n s p e c t i o n  of  t h e  p l a t e .  The f i n i s h i n g  l i n e  arrangement 
i s  shown i n  F igu re  11 .  The f i n i s h i n g  l i n e  computer r e c e i v e s  t h e  
o p e r a t i o n a l  i n s t r u c t i o n  corresponding t o  t h e  p l a t e  r o l l e d  i n  t h e  
m i l l  l i n e  from t h e  on - l i ne  product ion  c o n t r o l  computer. 

W f - l i w  achcbltng produnim compu~w 

Figure 11. Computer control system (finishing line). 
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The p l a t e  r o l l e d  i n  t h e  m i l l  l i n e  i s  nex t  c u t  i n t o  s e v e r a l  
s h e e t s  of f i n i s h e d  p roduc t s ,  t h e  c u t  l e n g t h  o r  marking of each  
p i e c e  i s  d i f f e r e n t  s o  t r a c k i n g  i n  t h e  f i n i s h i n g  l i n e  i s  more 
complicated than  i n  t h e  m i l l  l i n e  ( s e e  F igure  1 2 ) .  For e f f i c i e n c y  
and man-power sav ing  i n  t h e  f i n i s h i n g  l i n e ,  we have developed t h e  
au tomat ic  t r a c k i n g  system by computer. With a  c o l o r  CRT and 
i n d i c a t i o n  board a t  each p u l p i t  of t h e  f i n i s h i n g  l i n e ,  t h e  
arrangement i s  t h a t  t h e  computer i s s u e s  t ime ly  i n s t r u c t i o n s  t o  
t h e  p a r t i c u l a r  work ~ u l p i t  where t hey  a r e  needed. 
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P l a t s  P la t s  
ff 61 tf 71 

Figure 12. An example of ingot-slab design. 

Automat ic  P l a t e  Length Marking 

The p l a t e ,  r o l l e d  i n  t h e  m i l l  l i n e ,  i s  n e x t  c o o l e d  on t h e  
c o o l i n g  bed and t r a n s f e r r e d  t o  t h e  s h e a r i n g  l i n e .  For  c u t t i n g  
t h e  p l a t e  i n t o  t h e  f i n i s h e d  p r o d u c t s  ( i n  s i z e s  a s  o r d e r e d ) ,  t h e  
s i z e  i s  f i r s t  measured and marked; c o n v e n t i o n a l l y ,  a n  o p e r a t o r  
marked t h e  p o s i t i o n  t o  b e  c u t  w i t h  c h a l k  f o r  e a c h  i n d i v i d u a l  p i e c e  
o f  t h e  o r d e r .  Now t h i s  work h a s  been au tomated  by t h e  a u t o m a t i c  
p l a t e  l e n g t h  marking equipment  shown i n  F i g u r e  12.  I n  b r i e f ,  
t h e  t r a v e l i n g  c a r t  i n c o r p o r a t i n g  t h e  t r a v e l i n g  p o s i t i o n - s e t t i n g  
equipment  and marking s p r a y  t r a v e l s  t o  t h e  marking p o i n t  a c c o r d -  
i n g  t o  computer  command. The a c c u r a c y  of  p o s i t i o n  s e t t i n g  o f  
t h i s  t r a v e l i n g  c a r t  i s  w i t h i n  20mm. The computer r e c e i v e s  f rom 
t h i s  equipment  t h e  e f f e c t i v e  l e n g t h  and d e t e r m i n e s  how many p i e c e s  
of  t h e  p r o d u c t  i n  t h e  r e q u i r e d  s i z e  c a n  b e  o b t a i n e d  from t h e  a s -  
r o l l e d  p l a t e ;  it per fo rms  t h e  marking.  

Automat ic  S t e n c i l i n g  

On t h e  marked-off a s - r o l l e d  p l a t e ,  t h e  s t e n c i l i n g  (o f  
c u s t o m e r ' s  name, d i m e n s i o n s ,  s t a n d a r d ,  e t c . )  i s  performed on 
e a c h  p i e c e  of  t h e  p r o d u c t  a u t o m a t i c a l l y .  The equipment  c o m p i l e s  
t h e  s t e n c i l i n g  p a t t e r n  a c c o r d i n g  t o  computer  command and c u t s  
t h e  p a t t e r n  o n  p a p e r .  The s t e n c i l e d  p l a t e  i s  c u t  i n t o  t h e  



p i e c e - p l a t e s  by t h e  c rop- ,  s i d e - ,  and e n d - s h e a r s  a c c o r d i n g  t o  
t h e  c o n d i t i o n s  set  by t h e  computer .  

Automatic  Stamping 

Next comes t h e  s tamping on e a c h  p i e c e  o r d e r e d .  T h i s  work 
i s  done by a n  a u t o m a t i c  s tamping  machine. T h i s  equipment  s e l e c t s  
t h e  l e t t e r s  i n  accordance  w i t h  t h e  command from t h e  p r o c e s s  com- 
p u t e r .  

Automatic  I n s p e c t i o n  

The f i n i s h e d  p r o d u c t ,  c u t  i n  t h e  s h e a r i n g  l i n e ,  n e x t  p a s s e s  
t h r o u g h  t h e  automated i n s p e c t i o n  p r o c e s s .  T h i s  i s  e f f e c t e d  t o  
a  g r e a t  e x t e n t  by t h e  c l o s e  combina t ion  of v a r i o u s  i n s p e c t i o n  
equipment  w i t h  t h e  computer .  

U l t r a s o n i c  Flaw D e t e c t i o n :  The p l a t e  d imens ions  and f l a w s  
a r e  i n s p e c t e d  by t h e  a u t o m a t i c  u l t r a s o n i c  f l a w  d e t e c t i o n  equ ip-  
ment  i n  which t h e  d e t e c t i o n  e l e m e n t s  a r e  a r r a n g e d  a t  100mm p i t c h  
i n  t h e  c ross -wide  d i r e c t i o n  above t h e  l i n e .  The computer l o g s  
t h e  i n s p e c t i o n .  

P l a t e  T h i c k n e s s  I n s p e c t i o n :  T h i s ,  t h e  c e n t e r  and t h e  
e d g e s ,  i s  measured t h r o u g h o u t  t h e  l e n g t h  w i t h  t h e  two u n i t s  o f  
t h e  gamma-ray t h i c k n e s s  gauges  which a r e  a l s o  l i n k e d  w i t h  t h e  
computer .  The computer n o t e s  from t h e  gamma-ray t h i c k n e s s  gauge 
t h e  v a r i a t i o n  o f  t h e  p l a t e  t h i c k n e s s  and judges  t h e  p l a t e  t h i c k -  
n e s s  i n s p e c t i o n .  

P l a t e  W i d t h  I n s p e c t i o n :  Along w i t h  t h e  command f o r  s e t t i n g  
o f  t h e  c u t t i n g  wid th  of t h e  s i d e  s h e a r ,  t h e  computer a c c e p t s  t h e  
a c t u a l  v a l u e  of t h e  wid th  t o  c o n f i r m  whether  o r  n o t  t h e  p l a t e  i s  
c u t  c o r r e c t l y .  

P l a t e  L e n g t h  I n s p e c t i o n :  Each p i e c e  of t h e  p l a t e  h a s  i t s  
l e n g t h  measured w i t h  t h e  t o u c h - r o l l e r  t y p e  l e n g t h  gauge,  which 
i s  f e d  t o  t h e  computer f o r  judgment.  When t h e  i n s p e c t i o n  o f  a  
p l a t e  i s  comple ted ,  t h e  p r o c e s s  computer s e n d s  a c t u a l  d a t a  a b o u t  
t h e  p l a t e  t o  t h e  o n - l i n e  p r o d u c t i o n  c o n t r o l  computer .  

Warehousing I n s t r u c t i o n s  

F i n i s h e d  p l a t e  i s  t r a n s f e r r e d  i n t o  t h e  warehouse by r o l l e r  
conveyor .  The computer d e t e r m i n e s  where t h e  p l a t e  should  be 
s t o r e d  i n  o r d e r  t o  be c o n v e n i e n t  f o r  s h i p p i n g ,  and d i s p l a y s  t h i s  
on t h e  CRT i n  t h e  p u l p i t  o f  t h e  warehouse and t h e  e l e c t r i c a l  c h a r -  
a c t e r  d i s p l a y  d e v i c e  from which a  c r a n e  o p e r a t o r  makes h i s  o p e r a t i o n .  



Production Progress Control of the Heavy Plate Mill 

The production planning and management computer receives 
actual data on heavy plate production and updates the production 
status files. If there is an order for which the specification 
was seen not to be satisfied by the inspection and/or mechanical 
test, the computer puts a warning on the CRT in the control center. 

Information Processing for Shipping 

The mill sheet of finished products corresponding to each 
order is printed out. The shipping schedule is made by man and 
computer with consideration of the date of delivery and the 
operational plan of shipment. Actual information of shipping is 
transmitted to the Head Office in order to submit bills. 

Order Status 

As the production progress information of each order is 
stored in the order status file, it is always possible to dis- 
play it on the CRT in both the production control center of the 
Kashima Works and the sales division of the Head Office. In- 
quired key words are order identification number, work number, 
slab identification number, plate identification number, address 
in the warehouse, and so on. 

As regards the production lot arrangements, in order to 
get the total optimization through the steelmaking, slabbing, 
and heavy plate rolling, we have developed the new algorithm 
which consists of the arrangement of a heat and the ingot and 
slab design. 

Arrangement of a Heat 

In the matrix shown in Table 4, Ll! L2, ... are groups of 
orders with the same steelmaking speclflcatlon and MI, M2, ... are 
kinds of steel grades. The availability of each steel grade for 
a group of orders is shown by a double and single circle mark. 
The steel grade marked with single circle is available, but not 
so desirable from the viewpoint of cost. So, we call it an 
applicable steel grade. The size of the matrix is about 100 
rows and 150 columns. The ordered quantities of steel are dis- 
tributed among the available steel grades so that the number of 
heats can be minimized, priority is given for orders with early 
delivery dates, and the amount of applicable steel grade used is 
minimized. 



Tab le  4. Problem of p roduc t i on  l o t  arrangement .  The m a t r i x  
o f  m a t e r i a l  q u a l i t y  which can  be  u sed .  

Ordered l o t  (same in  s tee l -  
making specification) 

Material quality that can be 
used for ordered l o t  

I ngo t -S l ab  Design 

Kind of l o t  

L , 

L 
i 

Total amount 

Necessary 
number of l o t s  

Orders  a r e  a r r anged  i n t o  i n g o t  and s l a b  s imu l t aneous ly  
(F igu re  12) w i t h  a  view t o  minimizing t h e  s l a b b i n g  dimension 

of  i n g o t s  i n  t h e  same h e a t ,  good y i e l d  r a t e ,  and s u i t a b l e  t h i c k -  
n e s s  o f  a  s l a b  co r r e spond ing  t o  t h a t  o f  any heavy p l a t e  o rde r ed .  
C o n s i d e r a t i o n  i s  t aken  of  t h e  c o n s t r a i n t  over  t h e  l e n g t h  of  a  
s l a b  caused  by t h e  s i z e  of t h e  r e h e a t i n g  f u r n a c e  (ove r  2300mm, 
under  4000mm). High p r i o r i t y  i s  g i v e n  t o  t h e  c u t t i n g  p a t t e r n  
which p rov ide s  h igh  p r o d u c t i v i t y  and y i e l d  r a t e  ( F i g u r e  1 3 ) .  

Ordered amount 

t 7  

CONCLUSIONS 

M .  

ti 

p 
1 

We would l i k e  now t o  rev iew some c h a r a c t e r i s t i c s  of TOPS. 
I t  u s e s  a n  o n - l i n e  system e x t e n s i v e l y ,  and a d o p t s  h i e r a r c h i c a l  
c o n f i g u r a t i o n .  Many computers ,  i n c l u d i n g  p r o c e s s  computers ,  
a r e  used and p e r t i n e n t  a l l o t m e n t  o f  j u n c t i o n s  among computers  and 
men a r e  made. The computers  a r e  e x t e n s i v e l y  l i n k e d  w i t h  t h e  d a t a  
communication l i n e s .  I t  i s  be ing  planned t o  ex t end  t h i s  network 
n o t  o n l y  intra-Works,  b u t  e x t e r n a l l y  t o  t h e  Head O f f i c e ,  o t h e r  
s t e e l w o r k s ,  s u b c o n t r a c t o r ' s  f a c t o r i e s ,  and e x t e r n a l  s t o c k  y a r d s  
f o r  d i s t r i b u t i o n .  The o r d e r  s t a t u s  o f  p roduc t s  can  be  monitored 
by t h e  Head O f f i c e  th rough  o n - l i n e  t e r m i n a l s .  Data  exchange 
between t h e  Head O f f i c e  and t h e  Works, and intra-Works a r e  be ing  
done th rough  p o i n t - t o - p o i n t  communication l i n e s .  
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Figure 13. Two dimensional cutting stock problem. the 
combinatorial rule of heavy plate ordered. 

TOPS a d o p t s  computer o r i e n t e d  p lanning  system e x t e n s i v e l y ,  
such  a s  o r d e r  a l l o c a t i o n  system, o n - l i n e  r e a l l o c a t i o n  system, 
and o n - l i n e  s chedu l i ng  system. 

I t  i s  a  t o t a l l y  i n t e g r a t e d  system. The d a t a  g a t h e r e d  th rough  
any subsystem come t o  t h e  management system of  Kashima w i t h i n  2 4  
hou r s .  Here w e  can  examine t h e  c o r r e l a t i o n s  between q u a l i t y  d a t a  
from t h e  s t e e lmak ing  a r e a  and f i n i s h i n g  p roduc t s  a r e a s  even though 
p h y s i c a l l y  t h e y  a r e  f a r  a p a r t .  A wide v a r i e t y  o f  i n q u i r y  sys tems  
a r e  p rov ided  t o  a i d  human d e c i s i o n .  On t h e  o t h e r  hand, most of  
t h e  judgments which can  be  made l o g i c a l l y  a r e  done by computer-- 
e . g .  r e c o r d i n g  t h e  r e s u l t s  of  t h e  mechanical  tests t o  p r e v e n t  
c a r e l e s s  mis takes - - to  s ave  manpower, and t o  s h o r t e n  l e a d  t i m e .  
I f  some t r o u b l e ,  e . g .  f a u l t y  p roduc t  c l a ims ,  occu r r ed  f o r  a  p l a t e ,  
w e  c an  s e a r c h  t h e  h l s t o r y  of  t h e  p roduc t i on  r a p i d l y  u s i n g  t h e  d a t a  
b a s e  and r e s o l v e  t h e  problem. 





GENERAL CONCEPTS OF INTEGRATION 





The Need t o  Formulate I n t e g r a t i o n  S t r a t e g i e s  

H.  Hiibner 

INTEGRATION AS AN ORGANIZATIONAL NECESSITY 

I n t e g r a t i o n  i s  t h e  e s sence  of o r g a n i z a t i o n .  I t  normally 
has  r a t i o n a l i z a t i o n  a s  i t s  o b j e c t i v e  and invo lves  a  m u l t i l e v e l  
and mul t id imens ional  complex of problems t h a t  have n o t  r ece ived  
adequate  a t t e n t i o n  s o  f a r .  This  paper  t a k e s  a s  i t s  theme i n t e -  
g r a t i o n  problems s p e c i f i c a l l y  a s s o c i a t e d  w i t h  t h e  p roces s ing  of 
in format ion- - in  p a r t i c u l a r  from t h e  v iewpoin t  of a v a i l a b i l i t y .  
I n t e g r a t i o n  used i n  connect ion  wi th  automated d a t a  p roces s ing  
u s u a l l y  means d a t a  process ing  w i t h  l a r g e  computers i nc lud ing  a  
d a t a  bank. But t h e r e  a r e  some q u e s t i o n s .  What w i l l  be i n t e -  
g r a t e d  i n  t h i s  ma t t e r :  d a t a ,  depar tments ,  t a s k s ,  men, o r  some- 
t h i n g  e l s e ?  Can i n t e g r a t i o n  w i t h i n  an  o r g a n i z a t i o n  only  come 
about  through t h e  u se  of l a r g e  computers,  coupled wi th  a n  
enormous e f f o r t  t o  e s t a b l i s h  a  c e n t r a l  databank? From where 
do t h e  needs f o r  any i n t e g r a t i o n  come, and a r e  t h e r e  s i g n i f i c a n t  
l i m i t s  t o  t h e  i n t e g r a t i o n ?  

The s t a r t i n g  p o i n t  f o r  i n t e g r a t i o n  i n  informat ion  process-  
i ng  i s  t h e  g r e a t  v a r i e t y  of t a s k s  connected t o  a  v a r i e t y  of  
data--a  r e l a t i o n s h i p  n o t  confined t o  t ime- re l a t ed  d a t a  ( o f t e n  
c a l l e d  f low o r  movement d a t a ) .  Survey of d a t a  w i t h i n  a n  e n t e r -  
p r i s e  y i e l d s  t h e  fo l lowing  c l a s s e s .  

Data c a t e g o r i e s  d e s c r i b i n g  s t a t e s :  

- H i s t o r i c a l  d a t a  (e .g .  t u rnove r  i n  p a s t  y e a r s ) ,  

- Basic  d a t a  (e .g .  s u p p l i e r s ,  customers,  p r o d u c t s ) ,  

- Data on methods ( e - g .  d e f i n i t i o n  of a  method t o  de te rmine  
ba t ch - s i ze )  . 

Data c a t e g o r i e s  d e s c r i b i n g  f low volume ( a c t i o n  d a t a ) :  

- Management d a t a  n o t  d i r e c t l y  a f f e c t i n g  a c t i v e  o p e r a t i o n  
(e .g .  u n f i l l e d  o r d e r s ,  unpaid a c c o u n t s ) ,  

- Flow d a t a  w i th  immediate a c t i v e  e f f e c t  (e .g .  changes i n  
d e l i v e r y  d a t e s  of s u p p l i e s  demand immediate c o n s i d e r a t i o n  
of  consequences a r i s i n g  and p o s s i b l y  l ead ing  t o  r e v i s i o n  
of p l a n s ) .  



A l l  t h e s e  d a t a  c a t e g o r i e s  o f f e r  a  p o s s i b l e  f o u n d a t i o n  f o r  
t a s k  i n t e g r a t i o n  a s  shown i n  F i g u r e  1 .  The p r e c o n d i t i o n  f o r  
i n t e g r a t i o n  i s  p a r t i a l  o r  f u l l  agreement  between d a t a  ( f rom one 
o r  s e v e r a l  c a t e g o r i e s )  r e q u i r e d  by d i f f e r e n t  work sys tems  and /or  
t h o s e  charged  w i t h  c a r r y i n g  o u t  s p e c i f i c  t a s k s ,  f o r  a l l  o f  whom 
t h e s e  d a t a  must be  made a v a i l a b l e  i n  t h e  r e q u i r e d  manner. I f ,  
f o r  i n s t a n c e ,  t h e  b a s i c  d a t a  (Stamm-Daten) B4, and BDn a g r e e  
e i t h e r  p a r t i a l l y  o r  c o m p l e t e l y ,  t h e n  i n t e g r a t i o n  based on  t h e s e  
b a s i c  d a t a  f o r  t a s k  sys tems  m and n  i s  p o s s i b l e .  

TASK i TASK i + 1 

AD = A c t i o n  Data BD = Basic Data 
MaD = Management Data no t  d i r e c t l y  HD = H i s t o r i c a l  Data 

a f f e c t i n g  a c t i v e  o p e r a t i o n  MD = Data on Methods 
FD = Flow Data w i t h  immediate 

a c t i v e  e f f e c t  

Figure 1 .  Data-categories as possible foundations for integration. 



INTEGRATIVE PROCEDURES RELATED TO DATA PREPARATION 

General  I n t e g r a t i v e  Procedures 

The g e n e r a l  procedures r e l a t e  p r i m a r i l y  t o  c o n t e n t  and 
management of d a t a  (and d a t a  banks) and involve :  

- Reconc i l i a t i on  of t h e  common d a t a  ( p a r t i c u l a r l y  wi th  
regard  t o  c o n t e n t ,  arrangement of d a t a  e lements  and 
l o g i c a l l y  r e l a t e d  d a t a  u n i t s ,  a s  we l l  a s  o r i g i n  of 
d a t a ) ;  and 

- Assigning r e s p o n s i b i l i t y  f o r  main ta in ing  i d e n t i c a l  d a t a  
on one p a r t i c u l a r  work system. Assigning r e s p o n s i b i l i t y  
t o  one p a r t i c u l a r  p o i n t  f o r  main ta in ing  t h e  r e c o r d s  of 
s i m i l a r  d a t a ,  f u l f i l l s  one of t h e  most impor tan t  objec-  
t i v e s  of i n t e g r a t i o n ,  namely avoidance of r epea t ed  
performance of t a s k s  and/or p a r t i a l  t a s k s ) .  

By t h e s e  measures we make s u r e  t h a t  f o r  work systems us ing  
s i m i l a r  d a t a ,  t h e  r e s p o n s i b i l i t y  f o r  r eco rd ing  them l i e s  w i th  
one department .  

S p e c i f i c  I n t e g r a t i v e  Procedures 

The s p e c i f i c  procedures  concern  t h e  way i n  which d a t a  a r e  
made a v a i l a b l e  f o r  t h e  d i f f e r e n t  t a s k  systems and/or t h o s e  
r e s p o n s i b l e  f o r  c a r r y i n g  o u t  s p e c i f i c  t a s k s .  Two types  of 
i n t e g r a t i o n  can  be i d e n t i f i e d :  

- I n t e g r a t i o n  by i n t e r l a c i n g  ( i n t e r a c t i o n ) ,  and 

- I n t e g r a t i o n  by common use  of d a t a  banks. 

Both methods ensu re ,  i n  d i f f e r e n t  ways, d a t a  a v a i l a b i l i t y  i n  
r e s p e c t  o f :  

- Exis tence  of s p e c i f i c  p h y s i c a l  d a t a  s t o r e s ,  

- A l l o c a t i o n  of d a t a  t o  i n d i v i d u a l  t a s k  systems,  

- Access t o  t h e  d a t a ,  and 

- A v a i l a b i l i t y  of t h e  d a t a .  

The two types  of i n t e g r a t i o n  a r e  b r i e f l y  expla ined  below wi th  
r e f e r e n c e  t o  F igu re  2 ,  which shows t h e  c o n d i t i o n s  r e s u l t i n g  
from t h e  two t y p e s  of i n t e g r a t i o n .  Brief  comments on t h e s e  
c o n d i t i o n s  a r e  a t t a c h e d  t o  t h e  diagram. 
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I n t e g r a t i o n  by I n t e r l a c i n g  

The procedures  f o r  i n t e g r a t i o n  by i n t e r l a c i n g  c o n c e n t r a t e  
on t h e  d e f i n i t i o n  of how a v a i l a b i l i t y  of t h e  common d a t a  t o  t h e  
d i f f e r e n t  t a s k  systems i s  t o  be determined and ensured .  Th i s  
i s  done simply by t h e  p rov i s ion  of  d u p l i c a t e s  (of t h e  common 
d a t a )  by t h e  department  r e s p o n s i b l e  f o r  ma in t a in ing  them. To 
d e f i n e  t h e  form and t iming f o r  making t h e s e  c o p i e s  a v a i l a b l e ,  
l i n k s  between t h e  t a s k  systems involved--so c a l l e d  "des igning  
r e l a t i o n s h i p s "  ( i n  German: "Gesta1tungsbeziehungen")--are 
needed. 

Independently of t h e s e  l i n k s ,  ano the r  network of r e l a t i o n -  
s h i p s  i s  r e q u i r e d  t o  ensu re  t h a t  t h e  common d a t a  a r e  t r a n s m i t t e d  
a t  r e g u l a r  ( o r  i r r e g u l a r )  i n t e r v a l s .  These a r e  work r e l a t i o n -  
s h i p s  and t h e i r  requirement  forms both  t h e  b a s i s  and background 
f o r  d e f i n i n g  t h e  concept  of " i n t e g r a t i o n  by i n t e r l a c i n g " .  

I n t e g r a t i o n  by t h e  Common Use of Data Banks 

With t h i s  t ype  of i n t e g r a t i o n ,  t h e  p roces s  i nvo lves  
s p e c i f y i n g  means of ensur ing  d i r e c t  a c c e s s  t o  t h e  common d a t a  
w i thou t  t h e  need f o r  keeping d a t a  a v a i l a b l e  s e p a r a t e l y  f o r  each 
work system. By common use  of i d e n t i c a l  d a t a ,  t h e  t r ansmis s ion  
of  common d a t a  i s  made unnecessary.  S p e c i f i c a t i o n  of and en- 
su red  a c c e s s  f o r  t h e  comon u s e  of  i d e n t i c a l  d a t a  r e q u i r e s  on ly  
r e l a t i o n s h i p s  of  t h e  des igna t ed  type .  Inasmuch a s  no f u r t h e r  
r e l a t i o n s h i p s  a r e  r e q u i r e d ,  one can  ( s i n c e  working r e l a t i o n s h i p s  
a r e  n o t  c a l l e d  f o r )  say t h a t  i n t e g r a t i o n  by common use  of  d a t a  
c a r r i e s  a  c e r t a i n  element of " d i s s o c i a t i o n " .  

THE NEED FOR FORMULATING INTEGRATION STRATEGIES 

Recent developments i n  t h e  f i e l d  of i n fo rma t ion  technology 
permi t ,  i n  t heo ry ,  comprehensive i n t e g r a t i o n  based on t h e  common 
use  of  d a t a  banks,  wi th  t h e  u l t i m a t e  o b j e c t i v e  of  s t o r i n g  a l l  
d a t a  r e q u i r e d  by a  v a r i e t y  of t a s k s  on ly  once,  t h u s  avoid ing  
redundancy. The problems* and consequences involved however 
make t h e  p r a c t i c a l  achievement of such an  i d e a l  a  h igh ly  doubt-  
f u l  p r o p o s i t i o n  s i n c e ,  t h e  o r g a n i z a t i o n a l  consequences a r e  
l a r g e l y  unknown. 

Two examples from t h e  t e c h n i c a l  l i t e r a t u r e  make t h e  p o i n t :  

*Se l ec t ed  a s p e c t s  mentioned by Wedekind ( 1 9 7 2 )  i nc lude :  Lack 
of  q u a l i f i e d  e x p e r t s ,  and i m p o s s i b i l i t y  of  complete  formal iza-  
t i o n  of r e l a t i o n s h i p s .  Cost  c o n s i d e r a t i o n s ,  g r ave  i n t r u s i o n s  
i n t o  o r g a n i z a t i o n  s t r u c t u r e ,  and t h e  long pe r iod  r e q u i r e d  f o r  
development, t aken  t o g e t h e r ,  p r o h i b i t  any r e a l i s t i c  approach t o  
t h e  c o n s i d e r a t i o n  of t o t a l  systems.  



The shaping of  a d m i n i s t r a t i v e  o r g a n i z a t i o n  i n  
e n t e r p r i s e s  i n  l i n e  w i th  t h e  concept  of automated 
a d m i n i s t r a t i v e  systems ( " t o t a l  b u s i n e s s  system i n t e -  
g r a t i o n " )  r e q u i r e s  a l l  e n t e r p r i s e ,  d a t a  p roces s ing  
and informat ion  requi rements  t o  be combined wi thoout  
r ega rd  t o  t h e  e x i s t i n g  v e r t i c a l  and h o r i z o n t a l  sub- 
d i v i s i o n s .  (Hartman, 1971. ) 

The s logan  of " i n t e g r a t i o n "  having c r e a t e d  a  
g r e a t  s t ir  i n  in format ion  p roces s ing  t e n  y e a r s  ago,  
i s  today  f e l t  t o  be i n  bad t a s t e  i f  n o t  a  " d i r t y  
word" i n  p r o f e s s i o n a l  c i r c l e s .  ( O e t t l i ,  1976.) 

The s u b s t a n t i a l  and s o  f a r  l a r g e l y  unexplored problems y e t  
awa i t i ng  a n a l y s i s  t h a t  comprehensive i n t e g r a t i o n  dependent  on 
s i n g u l a r  d a t a  s t o r a g e  i nvo lves  make it i n a p p r o p r i a t e  t o  i n t e r -  
p r e t  t h e  term " i n t e g r a t e d  d a t a  p roces s ing"  a s  meaning an  a l l -  
embracing c e n t r a l i z e d  system of a l l  t a s k s  and d a t a .  Tha t  i n -  
s i g h t  n e c e s s a r i l y  l e a d s  u s  t o  c o n s i d e r  t h e  format ion  of sub- 
systems of op t imal  s i z e ,  f o r  which i n t e g r a t i o n  can  be r e a l i z e d  
on t h e  b a s i s  of u s ing  common d a t a  banks. This  i n t e g r a t i o n  can  
be organized  by " i n t e r l a c i n g "  ( o r  i n t e r t w i n i n g )  i n  a  way a l low-  
i n g  t h e  subsystems t o  f u n c t i o n  s u b s t a n t i a l l y  independent ly  of 
one a n o t h e r ,  an aim which can  be r e a l i z e d  by d e l i b e r a t e  ( b u t  
l i m i t e d )  redundant  d a t a  s t o r a g e .  

Subsystem ( o r  p a r t i a l  system) r e f e r s  h e r e  t o  an  a r e a  com- 
p r i s i n g  t h o s e  t a s k s  f o r  which i n t e g r a t i o n  i s  e s t a b l i s h e d  by 
common use  of d a t a ;  we s h a l l  cons ide r  such a  t a s k  a r e a  t o  be 
an  " i n t e g r a t i o n  f i e l d " .  A s  f a r  a s  t h e  a p p l i c a t i o n  of e l e c t r o n i c  
d a t a  p roces s ing  (EDP) equipment i s  concerned we t a k e  a s  our  
s t a r t i n g  p o i n t  t h a t  i n t e g r a t i o n  by u s e  of common d a t a  i s  
r e a l i z e d  f o r  t a s k  a r e a s  covered by u se r -o r i en t ed  s o f t w a r e  
programs. Thus, i f  EDP equipment i s  a p p l i e d ,  t h e  i n t e g r a t i o n  
f i e l d  i s  i d e n t i c a l  wi th  t h e  t a s k  a r e a  covered by a  p a r t i c u l a r  
u s e r  a p p l i c a t i o n  so f twa re  program. The c r e a t i v e  f o r c e s  c a l l e d  
f o r  a r e  p r i m a r i l y  systems a n a l y s i s ,  systems d e s i g n ,  and program- 
ming, w i th  hardware merely a  t o o l .  

I t  is  t h e r e f o r e  necessary ,  p r i o r  t o  t h e  s e l e c t i o n  of u s e r  
o r i e n t e d  so f twa re ,  t o  form a p p r o p r i a t e  i n t e g r a t i o n  f i e l d s . *  
Optimal s t r u c t u r i n g  of t h e  t o t a l  e n t e r p r i s e  w i th  r e f e r e n c e  t o  
d a t a  a v a i l a b i l i t y  must be based on an  i n t e g r a t i o n  s t r a t e g y  t h a t  
d e f i n e s  t h o s e  a s p e c t s  s p e c i f i c  t o  t h e  e n t e r p r i s e ,  and t h a t  govern 
i t s  s u b d i v i s i o n  i n t o  s p e c i f i c  i n t e g r a t i o n  f i e l d s .  Higher l e v e l  
i n t e g r a t i o n  of  t h e s e  f i e l d s  is  subsequent ly  achieved by i n t e r -  
l a c i n g  wh i l e  keeping them--from an  EDP t e c h n o l o g i c a l  p o i n t  of 
view--as independent  a s  p o s s i b l e  by provid ing  d e l i b e r a t e l y  f o r  
p a r t i a l  m u l t i s t o r a g e  of d a t a .  

*An i n t e g r a t i o n  f i e l d  i s  n o t  i d e n t i c a l  w i th  a  g iven  t a s k  a r e a  t o  
be handled by EDP equipment a p p l i c a t i o n .  I t  i s  e s s e n t i a l  t o  de- 
s i g n  and d e f i n e  i n t e g r a t i o n  f i e l d s  f o r  t h a t  t a s k  a r e a .  



DETERMINING AN INTEGRATION STRATEGY 

I n t e g r a t i o n  s t r a t e g i e s  a r e  formulated on t h e  b a s i s  of d e t e r -  
minants  whose s p e c i f i c  form must be e s t a b l i s h e d  f o r  each p a r t i c u -  
l a r  under tak ing  i n  t h e  l i g h t  of consequent  o r g a n i z a t i o n a l  e f f e c t s .  
Four dimensions r e q u i r e  c o n s i d e r a t i o n :  

- D i r e c t i o n  of i n t e g r a t i o n ,  

- S i z e  of a r e a  t o  be i n t e g r a t e d ,  

- Type of i n t e g r a t i o n  a r e a  ( i n  t h e  c a s e  of h o r i z o n t a l  
i n t e g r a t i o n ) ,  and 

- Level of i n t e g r a t i o n .  

D i r e c t i o n  of I n t e g r a t i o n  

I n t e g r a t i o n  may t a k e  two d i r e c t i o n s  : 

- Horizonta l :  c o n s i d e r a t i o n  of t a s k s  a t  a  s i n g l e  organ- 
i z a t i o n a l  l e v e l ,  and 

- V e r t i c a l :  c o n s i d e r a t i o n  of t a s k s  a t  d i f f e r e n t  organ- 
i z a t i o n a l  l e v e l s .  

Hor i zon ta l  i n t e g r a t i o n  l e a d s  t o  d i f f e r e n t i a t i o n  between d i f f e r e n t  
f u n c t i o n a l  a r e a s ,  whereas v e r t i c a l  i n t e g r a t i o n  t a k e s  p l a c e  mainly 
a t  t h e  o p e r a t i o n a l ,  t a c t i c a l ,  and s t r a t e g i c  l e v e l s .  

F i g u r e  3 shows t h e  h o r i z o n t a l  and v e r t i c a l  s t r u c t u r e  of an  
under tak ing  i n  t h e s e  terms and shows how i n t e g r a t i o n  may be 
s t r u c t u r e d  v e r t i c a l l y  o r  h o r i z o n t a l l y .  R e a l i z a t i o n  of a  v e r t i -  
c a l  d a t a - t e c h n i c a l  i n t e g r a t i o n  (common u s e  of i d e n t i c a l  d a t a )  
encounters  a  number of problems, namely, s t r u c t u r a l  d i f f i c u l t i e s  
( such  a s  t a s k s  c a r r i e d  o u t  on ly  o n c e ) ,  c o n f i d e n t i a l i t y  of c e r t a i n  
d a t a ,  e t c .  The p r i n c i p a l  problem, however, i s  t h e  f a c t  t h a t  
t a s k s  c a r r i e d  o u t  a t  d i f f e r e n t  h i e r a r c h i c a l  l e v e l s  r e q u i r e  d a t a  
a t  d i f f e r e n t  l e v e l s  of aggrega t ion .*  Th i s  need f o r  aggrega t ion  
makes u se  of common d a t a  imposs ib le ,  which e x p l a i n s  why t h e  
market o f f e r s  ha rd ly  any sof tware  f o r  m u l t i p l e  u s e  s u i t e d  t o  
v e r t i c a l  i n t e g r a t i o n .  

The problems a s s o c i a t e d  wi th  t h e  use  of d a t a  of  va ry ing  
d e g r e e s  of agg rega t ion  may a l s o  be encountered i n  h o r i z o n t a l  
i n t e g r a t i o n  b u t  i f  s o  t o  a  l e s s e r  degree .  This  means t h a t  t h e  
d i r e c t i o n  of any i n t e g r a t i o n  sought  must be p r e c i s e l y  de f ined  
t h e o r e t i c a l l y  w i th  r e f e r e n c e  t o  t h e  agg rega t ion  of t h e  r e q u i r e d  
d a t a  and t h a t  h o r i z o n t a l  i n t e g r a t i o n  comprises  t a s k s  of equa l  
deg ree  of agg rega t ion .  F i g u r e  3 shows t h e  p o s s i b l e  cou r se  
h o r i z o n t a l  i n t e g r a t i o n  might fo l low.  

- 

*Aggregation may invo lve  t ime,  q u a l i t y ,  o r  q u a n t i t y  (Poths ,  1969) .  



Direc t ion  of h o r i  
z o n t a l  i n t e g r a t i o n  
with re fe rence  t o  v e r t i c a l  i n t e -  
equal  h i e r a r c h i c a l  
l e v e l  

Poss ib le  d i r e c t i o n  
of h o r i z o n t a l  i n t e g r a t i o n  
with re fe rence  t o  equal  
degree of d a t a  aggregat ion 

Figure 3. Horizontal and vertical structure of an enterprise. 

S i z e  o f  t h e  I n t e g r a t i o n  F i e l d  

U s e  o f  EDP equipment p e r m i t s  t h e  f o r m a t i o n  of c o m p a r a t i v e l y  
l a r g e  f i e l d s  o f  i n t e g r a t i o n .  C u r r e n t  ( t h e o r e t i c a l )  approaches  
a c c e p t  t h e  maximizat ion p r i n c i p l e ,  i . e .  making t h e  i n t e g r a t i o n  
f i e l d  a s  l a r g e  a s  p o s s i b l e .  However, t h e  e x p o s i t i o n  t h a t  f o l l o w s  
i s  based  on t h e  c o n c e p t  t h a t  i n  s e t t i n g  up i n t e g r a t i o n  f i e l d s ,  
t h e  p r i n c i p l e  o f  o p t i m i z a t i o n - - s e e n  from t h e  v iewpoin t  of t h e  
o r g a n i z a t i o n a l  consequences--must be  adopted .*  T h i s  approach  
i s  r e l a t i v e l y  new and,  t h e r e f o r e ,  s t i l l  t h e  s u b j e c t  o f  r e s e a r c h  
( ~ s b n e r ,  e t  a l . ,  1 9 7 7 ) .  

De te rmina t ion  of p o s s i b l e  f i e l d s  o f  i n t e g r a t i o n  must s t a r t  
w i t h  c o n s i d e r a t i o n  o f  t h e  t a s k s  o f  t h e  u n d e r t a k i n g  a s  a  whole.  
There  i s ,  o f  c o u r s e ,  a n  i n v e r s e  p r o p o r t i o n a l  r e l a t i o n  between 
t h e  s i z e  of f i e l d s  o f  i n t e g r a t i o n  and t h e i r  t o t a l  number. 
F i g u r e  4 i l l u s t r a t e s  t h i s  r e l a t i o n  by r e f e r e n c e  t o  t h e  two ex- 
treme v a l u e s :  

* T o t a l  i n t e g r a t i o n  cannot - - i f  t h e  o r g a n i z a t i o n a l  consequences  
a r e  t a k e n  i n t o  account--be a c h i e v e d ,  even when EDP equipment i s  
employed. " T o t a l  i n t e g r a t i o n "  must,  t h e r e f o r e ,  be t a k e n  a s  a  
p u r e l y  t h e o r e t i c a l  c o n c e p t  d e f i n i n g  a  p u r e l y  a b s t r a c t  l i m i t a t i o n  
o f  a c t i o n .  



TWl'AL NUMBER OF 
INTEGRATION FIELDS 

The number of in te -  
g r a t i on  f i e l d  i s  
i d e n t i c a l  with t he  
number of a l l  
s i n g l e  t a sk s  
requi red  

There is only one 
i n t eg ra t i on  f i e l d  

B 
I 
I 
I SIZE OF FIELDS OF - INTEGRATION 

Single  t a sk  a s  The whole of t h e  
i n t eg ra t i on  f i e l d  undertaking a s  

i n t eg ra t i on  f i e l d  

Figure 4. Relation between size and total number of integration fields 
within an undertaking. 

- I f  a  s i n g l e  t a s k  i s  c o n s i d e r e d  a s  t h e  s m a l l e s t  i n t e -  
g r a t i o n  f i e l d ,  t h e n  t h e  t o t a l  number of d i f f e r e n t  
i n t e g r a t i o n  f i e l d s  i s  i d e n t i c a l  w i t h  t h e  number o f  a l l  
t h e  s i n g l e  t a s k s  r e q u i r e d  ( A ) .  

- I f  t h e  whole of t h e  unde r t ak ing  ( i .e .  a l l  s i n g l e  t a s k s )  
a r e  cons ide r ed  a s  one i n t e g r a t i o n  f i e l d ,  t h e n ,  of c o u r s e ,  
o n l y  one such  f i e l d  e x i s t s  (B). 

The l a r g e r  t h e  i n d i v i d u a l  i n t e g r a t i o n  f i e l d s ,  t h e  s m a l l e r  i s  
t h e i r  number. 

Our d e f i n i t i o n  of i n t e g r a t i o n  i m p l i e s  t h a t  it i s  ach i eved  
by common u s e  of d a t a ,  w h i l e  t h e  v a r i o u s  f i e l d s  o f  i n t e g r a t i o n  
a r e  themse lves  i n t e g r a t e d  by be ing  i n t e r l a c e d .  Hence, de te rmin-  
a t i o n  of t h e  s i z e  of t h e  i n t e g r a t i v e  f i e l d s  a l s o  d e c i d e s  t h e  
e x t e n t  of f u s i n g  of  bo th  t y p e s  of  i n t e g r a t i o n  s i n c e  i n c r e a s i n g  
s i z e  of i n t e g r a t i o n  f i e l d s  (and w i t h  it d e c r e a s i n g  numbers o f  
i n t e g r a t i o n  f i e l d s )  c a u s e s  t h e  p r o p o r t i o n  of " i n t e g r a t i o n  by u s e  
of common d a t a "  t o  r ise  and t h e  conve r se  e q u a l l y  a p p l i e s .  

T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  5 w i t h  seven  t a s k s  which u s e  
i d e n t i c a l  d a t a .  The fo l l owing  t h r e e  s t r a t e g i e s  a r e  shown i n  
r e s p e c t  of s i z e  of f i e l d s  o f  i n t e g r a t i o n :  



STRATEGY 1 

STRATEGY 2 

.... TASK 0 .... DATA 
Figure 5. Several integration strategies referring to "size of integration field" 

(example for 7 tasks). 

- I n t e g r a t i o n  f i e l d  s i z e  c o r r e s p o n d s  t o  a  s i n g l e  t a s k  
( t h e  number of  i n t e g r a t i o n  f i e l d s  t h u s  c o r r e s p o n d s  t o  
t h e  number of  s i n g l e  t a s k s  ( 7 )  and i n t e g r a t i o n  i s  
e f f e c t e d  e n t i r e l y  th rough  i n t e r l a c i n g ) .  

- The i n t e g r a t i o n  f i e l d  compr i ses  a l l  t h e  seven  i n d i v i d u a l  
t a s k s  under  c o n s i d e r a t i o n  ( t h e r e f o r e ,  o n l y  one  i n t e g r a t i o n  
f i e l d  e x i s t s ,  and t h e  i n t e g r a t i o n  o p e r a t e s  e n t i r e l y  by 
u s e  of  common d a t a ) .  

- One i n t e g r a t i o n  f i e l d  i s  set  up f o r  t h r e e  t a s k s  and 
a n o t h e r  f o r  f o u r  t a s k s .  T h i s  means t h a t  two i n t e g r a t i o n  
f i e l d s  come i n t o  be ing  and i n t e g r a t i o n  uses - - i f  a l l  7  
s i n g l e  t a s k s  a r e  t a k e n  i n t o  account--both t y p e s  o f  i n t e -  
g r a t i o n  ( i n t e r l a c i n g  and common u s e  r e s p e c t i v e l y ) .  

The s i n g l e  t a s k  a s  i n t e g r a t i o n  f i e l d  r e p r e s e n t s  a n  ex t reme 
c a s e .  I n  p r a c t i c e  t h e  f o l l o w i n g  c l a s s i f i c a t i o n  a p p e a r s  t o  be 
a p p r o p r i a t e :  s i n g l e  t a s k  a r e a ,  s e v e r a l  t a s k s  a r e a ,  s e c t i o n a l  
a r e a ,  s e c t i o n a l  a r e a s ,  f u n c t i o n a l  a r e a .  



Task a r e a s  o r  s e c t i o n a l  a r e a s  t o  be i n t e g r a t e d  may f a l l  
i n t o  d i f f e r e n t  f u n c t i o n a l  d i v i s i o n s  ( e .g .  production/procurement). 
The p o i n t  of membership of i n t e g r a t i o n  f i e l d s  i n  d i f f e r e n t  
f u n c t i o n a l  d i v i s i o n s  i s  covered by t h e  c r i t e r i o n  " i n t e g r a t i o n  
f i e l d  ca t ego ry" .  

I n t e g r a t i o n  F i e l d  Ca tego r i e s  

Membership of t a s k s  w i t h i n  one i n t e g r a t i o n  f i e l d  t o  one o r  
s e v e r a l  f u n c t i o n a l  d i v i s i o n s  i s  covered by developing  c a t e g o r i e s  
of i n t e g r a t i o n  f i e l d s .  For t h e  under tak ing  cons idered  h e r e ,  t h e  
f u n c t i o n a l  d i v i s i o n s  r e s p o n s i b l e  f o r  achievement of performance, 
namely t h e  t h r e e  b a s i c  func t ions :  procurement; p roduct ion;  and 
marke t ing ,  p l u s  f i n a n c e  and accounts  and pe r sonne l / soc i a l  
s e r v i c e s  ( s e e  F igu re  3 ) .  Dependent on whether t a s k s  from one 
o r  more f u n c t i o n a l  d i v i s i o n s  a r e  i n t e g r a t e d ,  t h e  fo l lowing  f i v e *  
i n t e g r a t i o n  f i e l d  c a t e g o r i e s  can  be d i f f e r e n t i a t e d :  

- I n t e g r a t i o n  of t a s k s  w i t h i n  one f u n c t i o n a l  d i v i s i o n  
( e .  g .  p roduct ion)  , 

- I n t e g r a t i o n  of t a s k s  from two f u n c t i o n a l  d i v i s i o n s  
( e  .g .  p roduct ion ,  procurement)  , 

- I n t e g r a t i o n  of t a s k s  from t h r e e  f u n c t i o n a l  d i v i s i o n s  
(e .g .  p roduct ion ,  procurement, f i nance / accoun t s ) ,  

- I n t e g r a t i o n  of t a s k s  from fou r  f u n c t i o n a l  d i v i s i o n s ,  and 

- 1n t . eg ra t i on  of t a s k s  from f i v e  f u n c t i o n a l  d i v i s i o n s .  

Level  of I n t e g r a t i o n  

Dependent on whether i n t e g r a t i o n  a p p l i e s  t o  one o r  more 
c a t e g o r i e s  of d a t a ,  d i f f e r e n t  l e v e l s  of i n t e g r a t i o n  can be e s t a b -  
l i s h e d .  Expos i t ion  of t h e  r e l e v a n t  background would, however, 
t a k e  u s  w e l l  beyond t h e  l i m i t s  of t h i s  paper .  Reference t o  t h e  
l e v e l  of i n t e g r a t i o n  a s  one of t h e  de termining  f a c t o r s  i n  i n t e -  
g r a t i o n  s t r a t e g y  d e s i g n  i s  made he re  merely f o r  t h e  sake  of 
complet ing p r e s e n t a t i o n  of t h e s e  de t e rminan t s  i n  t h e  l i g h t  of 
our  p r e s e n t  l e v e l  of  knowledge. These de t e rminan t s  and t h e i r  
v a r i o u s  s p e c i f i c  fo rmula t ions  i n  p a r t i c u l a r  unde r t ak ings  a r e  
p re sen ted  comprehensively i n  Table 1 .  

- - - - 

*This  c l a s s i f i c a t i o n  of a n  under tak ing  i n t o  f i v e  f u n c t i o n a l  
d i v i s i o n s  i s  on ly  one p o s s i b l e  way of d i v i d i n g  t h e  t o t a l  a c t i v -  
i t i e s .  They might equa l ly  w e l l  be c l a s s i f i e d  by us ing  d i f f e r -  
e n t  c r i t e r i a  . 



Table  1 .  Dimensions of an i n t e g r a t i o n  s t r a t e g y .  

Dimensions of an I Poss ib le  "Values" 
In tegra t ion  S t ra tegy  f o r  t he  Dimensions 

Direct ion of i n t eg r a t i on  
Ve r t i c a l  

Horizontal 

S ize  of a r ea  t o  be subjec t  of 
i n t eg r a t i on  

S ingle  task  a r ea  

Several  t a sk s  a r ea  

Sec t iona l  a r ea  

Sec t iona l  a r ea s  

Type of i n t eg r a t i on  a rea  
( f i e l d )  

Type I 

Type 11 
I 

Type 111 

Type I V  

Type V 

Level of i n t eg r a t i on  I -Phase 1 - 4 

CONCLUSION 

The f a r - r e a c h i n g  and p a r t l y  eupho r i c  concep t s  of Management 
I n fo rma t ion  Systems (MIS) which stress p r i m a r i l y  v e r t i c a l  i n t e -  
g r a t i o n  of  i n fo rma t ion  have n o t  found accep t ance  i n  admin i s t r a -  
t i o n  (Grun and Maier ,  1976) .  The need t o  t a k e  i n t o  account  g o a l s  
and c o n d i t i o n s  s p e c i f i c  t o  p a r t i c u l a r  unde r t ak ings  r e q u i r e s  i n t e -  
g r a t i o n  s t r a t e g y  t o  be formula ted  s p e c i f i c a l l y  f o r  e ach  e n t e r -  
p r i s e .  Formula t ion  of  such  a  s t r a t e g y  must t a k e  i n t o  accoun t  
t h a t  i t s  r e a l i z a t i o n  t ies  up  pe r sonne l  and r e s o u r c e s  i n  t h e  
medium and long  t e r m  and i s  l i k e l y  t o  produce consequences which 
may, i n  p a r t ,  b e  i r r e v e r s i b l e .  

S c i e n t i f i c  p e n e t r a t i o n  and c l a r i f i c a t i o n  of  t h e  i n t e r a c t i o n  
between i n t e g r a t i o n  s t r a t e g i e s  and more e s p e c i a l l y  t h e i r  organ-  
i z a t i o n a l  consequences-- taking i n t o  account  t h e  a p p l i c a t i o n  o f  
v a r i o u s  EDP equipment--must form t h e  s u b j e c t  o f  f u r t h e r  r e s e a r c h . *  

* " I n t e g r a t i o n  i n  Organ i za t i on"  c u r r e n t l y  forms an  impor t an t  f o c a l  
p o i n t  f o r  r e s e a r c h  a t  t h e  I n s t i t u t e  f o r  I nnova t i on  Research a t  
Innsbruck  U n i v e r s i t y .  C o n s t r u c t i v e  c o n t r i b u t i o n s  from s c i e n c e  
and p r a c t i c e s  w i l l  b e  warmly welcomed. 
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Discus s ion  

The p a r t i c i p a n t s  p o i n t e d  o u t  t h a t  i n t e g r a t i o n  i n  a  computer 
system should  r e f l e c t  i n t e g r a t i o n  i n  t h e  p roduc t i on  system. The 
i n t e g r a t e d  system should  m a i n t a i n  t h e  i n t e r c o n n e c t i o n s  between 
d i f f e r e n t  depar tments  w i t h i n  t h e  p roduc t i on  system. 

The concept  of i n t e g r a t i o n  o r i g i n a t e d  i n  t h e  USA where t h e  
p roduc t i on  sys tems  a r e  h i g h l y  complex. The c u r r e n t  t r e n d  i s  t o  
f u s e  t h e  p roduc t i on  sys tems ,  and i n  t h i s  connec t i on ,  t h e  i n t e g r a -  
t i o n  of t h e  management system i s  of g r e a t  impor tance .  I t  was 
s t a t e d  t h a t  i n  a  number of c a s e s  t h e  r e a l i z a t i o n  of i n t e g r a t i o n  
i s  v e r y  d i f f i c u l t .  

D i s cus s ions  a l s o  focused  on whether t h e  decompos i t ion  of  
g o a l s  i n  a n  i n t e g r a t e d  management system i s  an a r t  o r  a  s c i e n c e ,  
and most p a r t i c i p a n t s  f e l t  t h a t  i t  con t a ined  b o t h  e lements .  The 
decompos i t ion  depends ve ry  much on t h e  o b j e c t i v e s  be ing  c o n s i d e r e d ,  
and t h e  g o a l s  must be fo rmu la t ed  by t h o s e  who know t h e  system. 

Furthermore,  an  i n t e g r a t e d  management system i s  an  e f f e c t i v e  
t o o l  f o r  i n t e g r a t e d  decis ionmaking.  For  r e a l - t ime  d e c i s i o n  pro-  
c e s s i n g ,  it i s  e s s e n t i a l  t o  p r e s e n t  t h e  decis ionmaking t e chn ique  
i n  a  fo rmal  manner. Th i s  g i v e s  r i s e  t o  t h e  problem of o rgan i za -  
t i o n ,  which t h e  p a r t i c i p a n t s  f e l t  deserved  s t udy .  



* 
Information Flow and Large-Scale I n t e g r a t e d  Manufacturing 

F .  Muller 

The development of l a rge - sca l e  i n t e g r a t i o n  i n  t h e  semicon- 
duc to r  i ndus t ry  has brought about  new ways of des igning  l o g i c a l  
systems f o r  d a t a  handling and informat ion  flow. The s u b j e c t  of 
l o g i c a l  systems has  developed i n t o  an independent branch of 
computer technology f o r  c i r c u i t  des igne r s  f o r  i n t e r n a l  computer 
hardware s t r u c t u r e ,  and it becomes more and more apparent  t h a t  
t h e  f i n d i n g s  and s o l u t i o n s  reached i n  t h i s  f i e l d  might a l s o  be  
a p p l i c a b l e  f o r  improving t h e  e x t e r n a l  in format ion  flow t h a t  con- 
s t i t u t e s  t h e  man-machine computer i n t e r f a c e .  There i s  a " p a r a l l e l  
world" i n s i d e  t h e  computer t h a t  shows g r e a t  s i m i l a r i t y  wi th  t h e  
s t r u c t u r e  of a  l a rge - sca l e  e n t e r p r i s e  and i t s  informat ion  flow. 
It might be worthwhile t o  ana lyze  t h e  l o g i c  w i th in  t h e  system 
and t r y  t o  u t i l i z e  it t o  determine a s i g n i f i c a n t  d e c i s i o n  frame- 
work of a  model f o r  t h e  i n d u s t r i a l  process  i t s e l f .  Thus one 
could  th ink  of b u i l d i n g  a  c o m p u t e r  t h a t  d i r e c t l y  p l a y s  t h e  p a r t  
o f  t h e  model  r a t h e r  than e x i s t i n g  a s  a  numerical t o o l  t o  be  
employed on a model cons t ruc t ed  from a system of d i f f e r e n t i a l  
equat ions .  

The coopera t ion  and coord ina t ion  a s p e c t s  between elements  
of t h e  oxygen steelmaking system a r e  of t h e  same p r i o r i t y  a s  
t h e  s t r u c t u r e  of t h e  elements themselves. This  has  no t  y e t  been 
s u f f i c i e n t l y  under l ined  and t o o  l i t t l e  r e sea rch  i s  being made 
i n  t h i s  a r e a  of l a rge - sca l e  i n d u s t r i a l  systems. The i n d i v i d u a l  
p rocess  c o n t r o l  systems a r e  developed on t h e i r  own a s  i n d i v i d u a l  
elements  and i n t e r a c t i o n  between t h e  process  c o n t r o l  sys tem's  
elements  i s  only slowly progress ing ,  i f  a t  a l l .  In  computer 
terminology t h e r e  do no t  e x i s t  y e t  sof tware  p r o t o c o l s  f o r  de- 
f i n i n g  t h e  type  of coopera t ion  between t h e  sys tem's  elements .  

The main f i n d i n g s  of  a  r ecen t  p u b l i c a t i o n  on "Systems 
Engineering Methodology f o r  I n t e r d i s c i p l i n a r y  Teams" a r e  t h a t  
when p r o f e s s i o n a l s  from many d i s c i p l i n e s  form a team t o  des ign  
o r  ana lyze  l a rge - sca l e  man/machine systems, many of t h e  problems 
a r i s e  no t  from mathematical ,  phys i ca l ,  o r  s c i e n t i f i c  cons ider -  
a t i o n s  bu t  from t h e  m e t h o d s  employed. I n  o rde r  t o  make progress  
i n  t h i s  d i r e c t i o n ,  t h e  b a s i c  s t r u c t u r e  of t h e  production process  
has  t o  be de f ined  i n  terms of information flow and informat ion  
process ing  f u n c t i o n s  wi th in  and between t h e  sys tem's  elements .  

*Summary of a  paper d i s t r i b u t e d  a t  t h e  Workshop. 



Because an industrial large-scale implemented information 
system cannot be exclusively hierarchical, or centralized, the 
internal structure of the oxygen steelmaking system's elements 
should be of a modular, distributed, multi-access nature, at least 
as far as the communications within the elements (i-e. manage- 
ment, process, EDP) are concerned. Such a configuration is 
becoming more and more popular because of the great advances 
made recently in multiple access bus techniques and cable tele- 
vision technology. The resulting data communications system 
called "cable bus" thus gives modular, decentralized control, 
in conjunction with the use of microprocessors distributed 
throughout the plant, an ever increasing potential. 

Interlinkage between the oxygen steelmaking system's ele- 
ments can be divided into three main systems. The most compre- 
hensive configuration of the interlinkage is an ."all inclusive" 
configuration, where each constituent of each element would be 
accessible to each constituent of another element. Advanced 
methods used for "structured programming", such as Petri-networks 
should be adopted for structured interlinkage between the dif- 
ferent elements. Necessary construction rules for and decompo- 
sition rules of logical networks have to be formulated (recursive 
construction, syntax analyses, etc.) as in computer construction. 
Centralized and/or distributed organization architectures will 
evolve, depending whether sequential or parallel subnetworks are 
involved. Functional information flow is primarily sequential 
and requires centralized configuration, whereas the computational 
information flow centers are of a parallel nature and require a 
distributed organizational architecture. 

This proposed structured approach for building the informa- 
tion flow system not according to the existing hierarchical 
structure of the industrial process but according to the nature 
of the information, has the great advantage that the methods 
used for building the natural logical structure of computer 
hardware can be applied for developing a similar logic system of 
the organization of the production process as regards the data 
flow. This, however, does not mean that the physical hierarchical 
structure of a given industrial process is overthrown, only that 
the means are provided to improve its information flow as the 
need arises. 



Algor i thms  o f  Decis ionmaking Under C o n d i t i o n s  

Of F u n c t i o n a l  I n t e g r a t i o n *  

A. Kopelovich and  E.  Maslovsky 

S c i e n t i f i c ,  t e c h n o l o g i c a l ,  and o r g a n i z a t i o n  d i f f i c u l t i e s  
a r i s e  w i t h  t h e  c o m p u t e r i z a t i o n  of  c o n t r o l  sys tems  f o r  l a r g e -  
s c a l e  p l a n t s ,  p a r t i c u l a r l y  f o r  t h e  c o n t i n u o u s  and d i s c r e t e  
p r o d u c t i o n  p r o c e s s e s  i n  steel p l a n t s .  An i n t e r d i s c i p l i n a r y ,  
a n a l y t i c a l  approach is needed t o  s o l v e  t h e s e  problems.  

The a u t h o r s  p o i n t  o u t  t h a t  t h e  c o m p u t e r i z a t i o n  i n  t h e  steel  
i n d u s t r y  began i n  t h e  mid-1960s and t h a t  by t h e  mid-1970s, o v e r  
1000 computer c o n t r o l  sys tems  had been implemented i n  i n d u s t r i -  
a l l y  deve loped  c o u n t r i e s .  These sys tems  a r e  a t  v a r i o u s  s t a g e s  
o f  i n t e g r a t i o n :  

- I s o l a t e d ,  autonomous sys tems  i n s t a l l e d  a t  o n e  l e v e l - -  
e . g . ,  f o r  c o n t r o l  p r o d u c t i o n  p r o c e s s e s  f o r  r e a l - t i m e  
p r o c e s s e s ;  a b o u t  80 p e r c e n t  o f  t h e  steel  p l a n t s  a r e  a t  
t h i s  s t a g e .  

- P a r t i a l l y  i n t e g r a t e d  sys tems  c o v e r i n g  two l e v e l s - - b o t h  
s c h e d u l i n g  and p r o d u c t i o n  p l a n n i n g ;  about  15  p e r c e n t  of  
t h e  steel p l a n t s  a r e  a t  t h i s  s t a g e .  

- F u l l y  i n t e g r a t e d  sys tems  c o v e r i n g  t h r e e  l eve l s - - sched-  
u l i n g ,  p r o d u c t i o n  p l a n n i n g ,  and t e c h n o l o g i c a l  p r o c e s s  
c o n t r o l ;  o n l y  a b o u t  5  p e r c e n t  of  t h e  w o r l d ' s  s t e e l  
p l a n t s  have reached  t h i s  l e v e l  of  i n t e g r a t i o n .  

Because t o t a l  p l a n t  c o n t r o l  problems a r e  complex, it i s  
n e c e s s a r y  t o  b r e a k  t h e s e  down i n t o  l o c a l  and c o o r d i n a t i o n a l  
c o n t r o l  problems,  and t o  d e s i g n  m u l t i l e v e l  h i e r a r c h i c a l  s t r u c -  
t u r e s  f o r  dec i s ionmaking .  The pr imary  aim o f  t h e  a u t h o r s '  
r e s e a r c h  i s  t h e  development of  p r a c t i c a l  methods f o r  d e s i g n i n g  
c o o r d i n a t e d  subsys tems ,  and f o r  e s t a b l i s h i n g  a  g e n e r a l  c o n t r o l  
s t r u c t u r e  f o r  s teel  p l a n t s .  They d i s c u s s  t h e  v a r i o u s  s t r u c t u r e s  
t h a t  must b e  t a k e n  i n t o  c o n s i d e r a t i o n  i n  d e s i g n i n g  a  sys tem,  and 
p r o v i d e  some g u i d e l i n e s  f o r  u s i n g  m a t h e m a t i c a l  models t o  a c h i e v e  
sys tems  c o n t r o l .  

*Summary o f  a  paper  d i s t r i b u t e d  a t  t h e  Workshop. 





Computer Based I n t e g r a t e d  Management Systems 

F .  d e  Jong 

INTRODUCTION 

I n t e g r a t e d  o p e r a t i o n a l  systems wi th  l a r g e  s t o r a g e  capac i -  
t i e s ,  multiprogramming c a p a b i l i t i e s ,  d i r e c t  a c c e s s  t o  d a t a  and 
o p e r a t i n g  speed became a  p o s s i b i l i t y  d u r i n g  t h e  mid-1960s when 
t h i r d  g e n e r a t i o n  computers were f i r s t  marketed. Even a t  t h i s  
t ime,  t e c h n i c a l  problems of systems i n t e g r a t i o n  would have been 
d i f f i c u l t  t o  overcome wi thout  t h e  enormous c o n t r i b u t i o n  of s o f t -  
ware houses and hardware manufacturing companies t o  t h e  develop-  
ment of a p p l i c a t i o n  sof tware .  

Indus t ry  recognized t h e s e  developments a s  an oppor tun i ty  t o  
s o l v e  i t s  s h o r t -  and medium-term r e s o u r c e  p lanning  problems, 
which a r e  i n h e r e n t l y  of an  i n t e g r a t e d  n a t u r e .  Neve r the l e s s ,  
many manufacturing companies s t i l l  s t r u g g l e  w i th  problems of 
i n t e g r a t i n g  management systems.  

Indus t ry  i n  both t h e  developed and t h e  developing  world 
can  be d iv ided  i n t o  two major groups.  The f i r s t  i s  composed of 
companies t h a t  make ex t ens ive  u s e  of computers f o r  o p e r a t i o n a l  
systems ( p a y r o l l ,  i nven to ry  c o n t r o l ,  r o u t i n g ,  e t c . ) ;  t h e s e  sys-  
tems u s u a l l y  o p e r a t e  independent ly  of each o t h e r .  The second 
group c o n s i s t s  of t hose  companies t h a t  a r e  o r  w i l l  soon be 
involved wi th  computer systems. Although t h e  l a t t e r  group may 
l a c k  systems des ign  expe r i ence ,  i n  t h e  long  run  they  may be 
b e t t e r  a b l e  t o  r e a l i z e  i n t e g r a t e d  systems.  This  paper  d i s c u s s e s  
some r ea sons  f o r  t h i s .  

D i f f i c u l t i e s  i n  r e a l i z i n g  a  concept  t h a t  seems obvious and 
r e l a t i v e l y  ea sy  t o  comprehend appear  t o  be more of a  human than  
a  t echno log ica l  n a t u r e .  The p roces s  of r e a l i z i n g  i n t e g r a t e d  
management systems i s  l a r g e l y  one of r e o r g a n i z a t i o n  and u s e r  
educa t ion .  This  i s  a  slow and t ime  consuming a c t i v i t y ,  t h a t  
r e q u i r e s  a lmost  a  f a n a t i c a l  c o n v i c t i o n  t o  c a r r y  it t o  complet ion.  

Hardware and so f tware  manufac turers ,  o f t e n  f a u l t e d  f o r  over -  
s e l l i n g ,  canno t  r e a l l y  be blamed f o r  t h e s e  d i f f i c u l t i e s .  They 
have provided both  t h e  s o f t  technology and t h e  equipment t h a t  
make modular,  da t a -base  o r i e n t e d ,  i n t e g r a t e d  systems p o s s i b l e .  

The fo l lowing  s e c t i o n s  d e a l  w i th  t h e  development of i n t e -  
g r a t e d  management and informat ion  systems i n  a  number of d i f f e r e n t  
s o c i a l  and i n d u s t r i a l  environments ,  and review some of  t h e  methods 



t h a t  have proven most e f f i c i e n t  i n  d e a l i n g  w i t h  i n t e g r a t e d  
sys tems  implementa t ion .  Problems i n  t h i s  a r e a  a p p e a r  t o  b e  
u n i v e r s a l ;  t h e  s o l u t i o n s ,  however, depend l a r g e l y  on t h e  n a t u r e  
o f  t h e  e n t e r p r i s e ,  i t s  management o r g a n i z a t i o n  and s t y l e ,  and 
on t h e  s o c i a l  environment  i n  which it i s  o p e r a t i n g .  

PLANNING 

I d e a l l y ,  t h e  d e s i r e  t o  c r e a t e  a n  i n t e g r a t e d  manufac tur ing  
c o n t r o l  and management i n f o r m a t i o n  sys tem o r i g i n a t e s  a t  t h e  t o p  
l e v e l  of t h e  company. The r e a s o n s  f o r  t h i s  may b e  a  r e a l i z a t i o n  
t h a t  c u r r e n t  o p e r a t i o n a l  sys tems  d o  n o t  p r o v i d e  a d e q u a t e  informa-  
t i o n  t o  s u p p o r t  dec i s ionmaking ,  t h a t  d u p l i c a t i o n  of i n f o r m a t i o n  
s t o r a g e  is  e i t h e r  e x p e n s i v e  o r  c r e a t e s  t o o  many d i s c r e p a n c i e s ,  
o r  t h a t  t h e  growing complex i ty  of t h e  b u s i n e s s  environment  de-  
mands a  more comple te  approach  t o  t h e  sys tems  problem. However, 
t h i s  i s  r a r e l y  t h e  c a s e .  More o f t e n ,  management views i t s  
sys tems  and computer o p e r a t i o n s  a s  a  q u i c k e r  way t o  d o  what h a s  
been p r e v i o u s l y  done.  O p e r a t i n g  d e p a r t m e n t s  o f t e n  d e m o n s t r a t e  
a  p o s s e s s i v e  t endency  towards  t h e i r  o p e r a t i o n a l  sys tems .  The 
i d e a  o f  g i v i n g  u p  s o l e  a c c e s s  t o  t h e i r  f i l e s  i s  g e n e r a l l y  n o t  
p o p u l a r .  

More f r e q u e n t l y ,  t h e  i d e a  f o r  sys tems  i n t e g r a t i o n  o r i g i n a t e s  
w i t h  t h e  sys tems  depar tment .  I f  t h e y ,  and n o t  t h e  t o p  management, 
c o n c e i v e  t h e  i d e a ,  t h e y  a r e  f a c e d  w i t h  t h e  problem of  i t s  r e a l i z a -  
t i o n .  S i n c e  i n t e g r a t i n g  o p e r a t i o n a l  sys tems  i n v o l v e s  c u t t i n g  
a c r o s s  d e p a r t m e n t a l  b o u n d a r i e s ,  p u r e  sys tems  d e s i g n  and program- 
ming knowledge i s  n o t  s u f f i c i e n t .  The sys tems  depar tment  w i l l  
have t o  e n l i s t  s u p p o r t  from b o t h  managers and u s e r s .  

Exper ience  shows t h a t  o p e r a t i o n a l  sys tems  deve loped  w i t h o u t  
t h e  i d e a  o f  f u t u r e  i n t e g r a t i o n  a r e  o f t e n  n o t  s u i t e d  f o r  d a t a  
b a s e  o r i e n t a t i o n .  Data  b a s e  s t r u c t u r e  r e q u i r e m e n t s  u n d e r l y i n g  
such  i n t e g r a t i o n  u s u a l l y  r e s u l t  i n  mass ive  program changes  such  
t h a t  t h e  t a s k  of r e d e s i g n i n g  t h e  sys tems  is  o f t e n  s i m p l e r  t h a n  
t h a t  of c o n v e r s i o n .  T h i s  may b e  advan tageous  f o r  t h o s e  compan- 
ies t h a t  a r e  a t t e m p t i n g  a n  i n t e g r a t e d  sys tem b u t  who d o  n o t  have 
a  deve loped  computer system.  

The development  of such  a  sys tem r e q u i r e s  c a r e f u l  p l a n n i n g .  
Many manufac tur ing  companies who, f o r  example,  would n o t  c o n s i d e r  
changing  a  f l o o r  l a y o u t  w i t h o u t  t h e  involvement  of t e c h n i c a l  and 
a d m i n i s t r a t i v e  p e r s o n n e l  a t  a l l  l e v e l s  and w i t h o u t  c a r e f u l  t i m e  
and r e s o u r c e  p l a n n i n g ,  o f t e n  l e a v e  t h e  r e a l i z a t i o n  o f  a n  i n t e -  
g r a t e d  management system e n t i r e l y  t o  a  sys tems  d e p a r t m e n t .  

The f i r s t  t a s k  i n  t h e  p l a n n i n g  p r o c e s s  is  t o  e d u c a t e  t o p  
management a s  t o  what is  invo lved  i n  i n t e g r a t e d  sys tems  d e s i g n ,  
what t h e i r  c o n t i n u e d  involvement  i n  i n t e g r a t e d  sys tems  d e s i g n  
should  b e ,  and how t h e y  c a n  c o n t r o l  t h e  v a r i o u s  a c t i v i t i e s  t h a t  
l e a d  t o  implementa t ion .  T h i s  s h o u l d  r e s u l t  i n  a  management 
d i r e c t i v e  l a u n c h i n g  t h e  p r o j e c t  and g i v i n g  it t h e  n e c e s s a r y  
a u t h e n t i c i t y  t o  b e  r e c o g n i z e d  a s  a  component o f  t h e  company's 
development  o b j e c t i v e s .  



I n  l a r g e ,  m u l t i d i v i s i o n a l  o r g a n i z a t i o n s ,  t h e  systems 
a c t i v i t i e s  a r e  o f t e n  d e c e n t r a l i z e d  and d i s j o i n t e d .  The corpor-  
a t i o n ' s  headquar ters  may have a  management s e r v i c e s  group con- 
cerned wi th  problem so lv ing  and systems a n a l y s i s .  A t  t h e  com- 
pany l e v e l  t h e r e  a r e  u s u a l l y  groups of  a n a l y s t s  and programmers 
involved i n  day-to-day o p e r a t i o n a l  problems; a l s o ,  some of t h e  
l a r g e r  departments  may have personnel  who u n o f f i c i a l l y  devote  
t h e i r  t ime t o  systems des ign .  This  has  proven t o  be a  weak 
b a s i s  f o r  i n t e g r a t e d  systems des ign .  The uniform approach r e -  
qu i r ed  f o r  such systems almost  p r e s c r i b e s  t h e  p r o j e c t  team 
approach. Going back t o  t h e  e a r l i e r  example of a  major change 
i n  p l a n t  l ayou t ,  it would be inconceivable  f o r  p l a n t  eng inee r s  
t o  under take  such a  p r o j e c t  wi thout  t h e  u s e  of p r o j e c t  c o n t r o l  
t echn iques  and wi thout  some form of c e n t r a l i z e d  c o n t r o l .  
Because of t h e  long t ime per iod  u s u a l l y  r equ i r ed  f o r  implement- 
i ng  i n t e g r a t e d  systems, t h e  use  of t h e s e  techniques  is  recomrnend- 
ed . 

Thus it i s  e s s e n t i a l  t h a t  management t ake  an a c t i v e  p a r t  i n  
de termining  t h e  o r g a n i z a t i o n a l  s t r u c t u r e  of t h e  p r o j e c t  team and 
i n  a s s ign ing  o b j e c t i v e s  and t a s k s  t o  permanent team members. 

Because t h e  i n t e g r a t i o n  of a  management system a f f e c t s  t h e  
o r g a n i z a t i o n  and a c t i v i t i e s  of t h e  company, it i s  adv i sab le  t o  
involve  i n i t i a l l y  t op  execu t ives  and l i n e  managers i n  t h e  
c o n t r o l  and management of t h e  p r o j e c t .  Because of i t s  s p e c i a l i z e d  
c h a r a c t e r  and i t s  s t a f f  p o s i t i o n  i n  an  e n t e r p r i s e ,  t h e  systems 
department  has n e i t h e r  t h e  o v e r a l l  vi-ew nor t h e  decisionmaking 
power r e q u i r e d  f o r  t h i s  t a s k .  Moreover, because an  i n t e g r a t e d  
system must be  use r  o r i e n t e d ,  l i n e  managers should be members 
of t h e  des ign  team; even tua l ly  they  would become advocates f o r  
t h e  new system i n  t h e i r  own working environment. Access t o  u s e r  
personnel  can be obta ined  more e a s i l y  when t h e i r  s u p e r i o r s  a r e  
themselves involved i n  t h e  management and c o n t r o l  a c t i v i t i e s  of 
t h e  system p r o j e c t .  

The i n t e r r e l a t i o n s h i p s  of  a l l  bus ines s  a c t i v i t i e s  have n o t  
been invented  by systems d e s i g n e r s  o r  behav io ra l  s c i e n t i s t s ;  
they  have developed p a r t l y  through a  process  of evo lu t ion  and 
p a r t l y  by means of a  preconceived company o rgan iza t ion  s t r u c t u r e  
and t h e  r e s u l t i n g  communication network ( o f f i c i a l  and u n o f f i c i a l )  
The process  t ends  t o  change slowly t h e  o r i g i n a l  s t r u c t u r e  of 
many i n t e r r e l a t i o n s h i p s  i n  an  e n t e r p r i s e ,  o f t e n  t o  such a  degree  
t h a t  it is d i f f i c u l t  t o  recognize  t h e  o r i g i n a l  i n t e n t  a f t e r  many 
y e a r s  of ope ra t ion .  

One o b j e c t i v e  of des igning  an i n t e g r a t e d  system i s  t o  r e -  
f l e c t  t h i s  i n t e r r e l a t i o n s h i p  i n  t h e  company's decisionmaking and 
c o n t r o l  a c t i v i t i e s .  A s  a  b a s i s  f o r  d e f i n i n g  t h e  problem and 
des igning  a  new system, t h e  p r o j e c t  team should s tudy i n i t i a l l y  
a  number of a c t i v i t i e s  t h a t  g i v e  a  gene ra l  p i c t u r e  of t h e  e n t e r -  
p r i s e ' s  p r e s e n t  system, and a d m i n i s t r a t i v e  and c o n t r o l  cond i t ions .  



FEASIBILITY STUDY 

The f e a s i b i l i t y  s t udy  should r e s u l t  i n  a  mas t e r  p l an  f o r  
t h e  new i n f e g r a t e d  system which w i l l  p rov ide  a  b a s i s  f o r  f u r t h e r  
systems e f f o r t s .  On t h e  b a s i s  o f  t h e s e  r e s u l t s  management can  
d e c i d e  e i t h e r  t o  c o n t i n u e  w i t h  an  i n t e g r a t e d  sys tems  p r o j e c t  o r  
t o  abandon it a s  t o o  expens ive  o r  t o o  complex t o  be  c a r r i e d  o u t  
w i t h i n  t h e  p r e s e n t  o r g a n i z a t i o n .  The mas t e r  p l a n  i s  t o  be 
viewed p r i m a r i l y  a s  dec i s ionmaking  t o o l s ;  i n  t h e  p r e s e n t a t i o n  
of t h e  p l a n  t o  management, on ly  t h o s e  a s p e c t s  of t h e  p l an  t h a t  
most c l e a r l y  a s s i s t  decis ionmaking should  be  emphasized. 

A t y p i c a l  mas t e r  p l an  might  i n c l u d e  t h e  fo l l owing :  

- A g e n e r a l  s t a t emen t  of systems o b j e c t i v e s ;  

- A b r i e f  d e s c r i p t i o n  of t h e  u s e r  o r g a n i z a t i o n ;  

- A p r e l i m i n a r y  requi rement  d e f i n i t i o n :  

- A g e n e r a l  o u t l i n e  f o r  t h e  i n t e g r a t e d  sys tems  d e s i g n  ( t h e  
sys tems  a r c h i t e c t u r e )  ; 

- P r e l i m i n a r y  hardware and s o f t w a r e  s p e c i f i c a t i o n s :  

- An o v e r a l l  s chedu l e  f o r  t h e  c o n t i n u a t i o n  o f  t h e  sys tems  
d e s i g n  and implementat ion e f f o r t ;  

- C l e a r  recommendations t o  management whether  o r  n o t  t o  
s t a r t  t h e  a c t u a l  i n t e g r a t e d  systems d e s i g n  e f f o r t ,  and 
i f  t h e s e  recommendations a r e  p o s i t i v e ,  t h e  measures  t o  
be t aken .  

Analyses  a r e  r e q u i r e d ,  beg inn ing  w i th  t h a t  o f  t h e  e f f i c i e n c y  
of  p r e s e n t  systems.  I f  t h e  e f f o r t  is  l e f t  e n t i r e l y  t o  t h e  sys -  
tems depar tment ,  t h i s  may t a k e  t h e  form of  s e l f - a n a l y s i s  and 
s e l f - c r i t i c i s m .  The need t o  o b t a i n  an  unbiased view of  t h e  
sys tems  e f f o r t s  t o  d a t e ,  bo th  manual and computer-based, i s  
a n o t h e r  r e a s o n  f o r  o r g a n i z i n g  an  independent  team charged w i t h  
t h e  t a s k  of i n t r o d u c i n g  i n t e g r a t e d  systems i n t o  t h e  e n t e r p r i s e .  
E s p e c i a l l y  i n  companies t h a t  a l r e a d y  have a  number of o p e r a t i o n a l  
computer-based management sys tems ,  it is  a  problem t o  convince  
t h e  systems depar tment  t h a t  t h e s e  systems cannot  o r  w i l l  be  v e r y  
d i f f i c u l t  t o  i n c o r p o r a t e  i n t o  t h e  new i n t e g r a t e d  system. 

R e s p o n s i b i l i t y  f o r  t h e  f e a s i b i l i t y  s t udy  canno t  be d e l e g a t e d  
downwards. S i n c e  t h e  s t u d y  w i l l  i nvo lve  an  examina t ion  o f  t h e  
company's management p r a c t i c e s ,  t h e r e  should be  c o n s t a n t  manage- 
ment d i r e c t i o n  and involvement  i n  t h i s  work. I d e a l l y ,  t h e  manage- 
ment p a r t i c i p a n t s  i n  t h e  s tudy .  should  outnumber t h e  sys tems  
t e c h n i c i a n s  on t h e  team. 

For  t h e  manufac tur ing  c o n t r o l  and p l ann ing  p a r t  of an  i n t e -  
g r a t e d  system, u s e  should  be made of application packages. The 



d e s i g n  of  a n  i n t e g r a t e d  d a t a  b a s e  s t r u c t u r e ,  a  r e t r i e v a l  sys tem,  
and t h e  o p e r a t i o n a l  modules making t h e  e n t i r e  sys tem s e r v i c e -  
a b l e  i s  a  t a s k  u s u a l l y  beyond t h e  c a p a b i l i t i e s  o f  t h e  a v e r a g e  
sys tems  depar tment  i n  a  manufac tur ing  e n t e r p r i s e .  

I n t e g r a t e d  manufac tur ing  c o n t r o l  packages  a r e  t h e  r e s u l t  
o f  many y e a r s  o f  a p p l i c a t i o n  e x p e r i e n c e  i n  a  wide a r e a  of manu- 
f a c t u r i n g .  They a r e  a d a p t a b l e  t o  t h e  s p e c i a l  o u t p u t  r e q u i r e -  
ments  o f  any company, and t h u s  c o n t r i b u t e  g r e a t l y  towards  
l i m i t i n g  t h e  t i m e  needed t o  d e v e l o p  t h e  sys tem.  

The f e a s i b i l i t y  a n a l y s i s  problem c a n  b e  approached from 
d i f f e r e n t  d i r e c t i o n s .  F i r s t ,  g i v e n  a v a i l a b l e  hardware and 
p e r t i n e n t  a p p l i c a t i o n  packages ,  one  c o u l d  s t u d y  a l l  d e t a i l s  o f  
t h e s e  packages  and t h e  e x t e n t  t o  which t h e y  migh t  s o l v e  p r e s e n t  
company problems.  Another approach  i s  t o  a n a l y z e  t h e  o r g a n i z a -  
t i o n ,  t h e  problems d e f i n e d ,  and t h e r e a f t e r  d e t e r m i n e  how e x i s t -  
i n g  packages  c a n  b e  used t o  s o l v e  p r e s e n t  company problems.  
L i k e w i s e ,  one  c o u l d  s t a r t  by a n a l y z i n g  t h e  o r g a n i z a t i o n  and prob-  
l e m s ,  and t h e r e a f t e r  d e t e r m i n e  how e x i s t i n g  packages  c o u l d  b e  
a d a p t e d  t o  s a t i s f y  t h e  i n f o r m a t i o n  r e q u i r e m e n t s  o f  t h e  e n t e r p r i s e .  
The l a t t e r  approach  i s  recommended s t r o n g l y ,  based  on t h e  p remise  
t h a t  a f t e r  t h e  f e a s i b i l i t y  s t u d y  h a s  been made, management w i l l  
have t o  d e c i d e  e i t h e r  t o  c o n t i n u e  w i t h  t h e  a c t u a l  s y s t e m s  d e s i g n  
and implementa t ion  o r  t o  abandon t h e  e f f o r t  f o r  t e c h n i c a l  o r  
f i n a n c i a l  r e a s o n s .  I f  t h e  p r o j e c t  i s  abandoned, t h e  r e s u l t s  o f  
t h e  s t u d y  w i l l  s t i l l  j u s t i f y  t h e  c o s t s .  

A f t e r  an  a n a l y s i s  h a s  been made of  t h e  company's p r e s e n t  
sys tems ,  i t s  i n f o r m a t i o n  f l o w ,  p r o d u c t  f l o w ,  problem a r e a s ,  and 
d e c i s i o n  i n f o r m a t i o n  r e q u i r e m e n t s ,  t h e  f e a s i b i l i t y  s t u d y  team 
c a n  b e g i n  t o  d e s i g n  a  new sys tems  a r c h i t e c t u r e .  

SYSTEMS ARCHITECTURE 

The sys tems  a r c h i t e c t u r e  is  a  p r e l i m i n a r y  g e n e r a l  d e s c r i p -  
t i o n  o f  t h e  new sys tem,  i t s  d i v i s i o n  i n t o  modules ,  and t h e  d a t a  
b a s e  f i l e s .  T h i s  d e s c r i p t i o n  is  based on a n  e v a l u a t i o n  o f  t h e  
e x i s t i n g  p r o d u c t  and i n f o r m a t i o n  f l o w s  i n  t h e  o r g a n i z a t i o n ,  
t a k i n g  i n t o  a c c o u n t  shor tcomings  and d u p l i c a t i o n s .  

The sys tem a r c h i t e c t u r e  d i v i d e s  a  new sys tem i n t o  a  number 
of  l o g i c a l  modules  and d e t e r m i n e s  t h e  r e l a t i o n s h i p s  between 
t h e s e  modules and t h e i r  s u p p o r t i n g  f i l e s  a s  w e l l  a s  t h o s e  
among t h e  f i l e s .  Al though a  s u g g e s t e d  p r i o r i t y  sequence  w i t h  
r e s p e c t  t o  d e v e l o p i n g  t h e  sys tems  modules s h o u l d  b e  p a r t  o f  
t h e  sys tems  a r c h i t e c t u r e ,  t h e  a c t u a l  development  sequence  i s  
t o  a  c e r t a i n  d e g r e e  p rede te rmined  by t h e  need t o  d e v e l o p  t h e  
d a t a  b a s e  f i l e s ,  t h e r e b y  making i n f o r m a t i o n  a v a i l a b l e  f o r  o p e r -  
a t i o n a l  p u r p o s e s .  

The e n t i r e  sys tem c o u l d  t h u s  b e  d i v i d e d  i n t o  a  number of 
major  p a r t s  o r  components,  e a c h  i n  t u r n  b u i l t  u p  of a  number o f  



submodules: d a t a  b a s e  c r e a t i o n ,  manufac tur ing  c o n t r o l  modules ,  
p l a n n i n g  modules ,  management i n f o r m a t i o n  r e t r i e v a l ,  and de-  
c i s i o n  s u p p o r t  modules ( s i m u l a t i o n ,  "what i f "  q u e s t i o n s ) .  

SYSTEMS DEVELOPMENT PHASES 

When management d e c i d e s  t h a t  development  o f  a n  i n t e g r a t e d  
sys tem i s  j u s t i f i e d ,  t h e  a c t u a l  sys tems  d e s i g n  and implementa t ion  
work c a n  b e g i n .  T h i s  work c a n  b e  broken down i n t o  t h e  f o l l o w i n g  
phases :  g e n e r a l  d e s i g n ,  d e t a i l e d  d e s i g n ,  programming and t e s t i n g ,  
and implementa t ion  and e v a l u a t i o n .  

It h a s  been customary t o  l e a v e  what c a n  b e  c l a s s e d  a s  
sys tems  d e s i g n  work t o  a  g roup  of  s p e c i a l i s t s  such  a s  a n a l y s t s  
and programmers u s u a l l y  a t t a c h e d  t o  t h e  sys tems  d e p a r t m e n t s .  
However, t h e i r  o r i e n t a t i o n  o f  sys tems  development  a c t i v i t i e s  
seems t o  b e  i n  d i r e c t  c o n t r a d i c t i o n  w i t h  t h e  u s e r - o r i e n t e d  
modern hardware and w i t h  t h e  need f o r  l i n e  management c o n t r o l  
o v e r  major  changes  t a k i n g  p l a c e  i n  t h e  e n t e r p r i s e .  From t h i s  
p o i n t  on ,  it i s  e s s e n t i a l  t h a t  managers and u s e r s  b e  invo lved  
i n  t h e  a c t i v i t i e s  o f  a  sys tems  p r o j e c t  team. 

A f i r s t  t a s k  should  b e  t o  o r g a n i z e  t h i s  invo lvement .  For  
example,  a  s m a l l  g r o u p  of  s e n i o r  l i n e  managers c o u l d  form a  
c o m ~ i t t e e  f o r  c o n t r o l l i n g  t h e  a c t i v i t i e s  of t h e  sys tems  deve lop-  
ment g roup .  The development t a s k  should  b e  c a r r i e d  o u t  i n  
a c c o r d a n c e  w i t h  a  w e l l - d e f i n e d  p l a n  i n d i c a t i n g  where management 
d e c i s i o n s  a r e  r e q u i r e d  i n  o r d e r  t o  c o n t i n u e  t h e  work. A s  a  
r e s u l t  o f  i t s  invo lvement ,  t h e  commit tee  i s  c o n t i n u a l l y  f a m i l i a r -  
i z e d  w i t h  t h e  sys tems  development  a c t i v i t i e s  and w i t h  t h e  shape  
o f  t h e  f u t u r e  system.  Not o n l y  d o  t h e s e  managers have t h e  power 
t o  make t h e  d e c i s i o n s  r e q u i r e d  f o r  a c c e p t a n c e  o f  t h e  s y s t e m s ,  
t h e y  a r e  a l s o  r e s p o n s i b l e  f o r  t h e  management changes  t h a t  may 
r e s u l t .  

The management c o n t r o l  commit tee  should  e s t a b l i s h  a  p r o j e c t  
team and a s s i g n  team members on a  f u l l - t i m e  b a s i s .  The p r o j e c t  
team s h o u l d  b r i n g  t o g e t h e r  t h e  p e r s o n n e l  from d e p a r t m e n t s  a f f e c t -  
ed by t h e  p r o j e c t  and t h e  sys tems  s p e c i a l i s t s  i n  o r d e r  t o  e n s u r e  
o p t i m a l  c o o p e r a t i o n  and c o o r d i n a t i o n .  The compos i t ion  o f  t h e  
team a t  any g i v e n  t i m e  depends  on t h e  s t a g e  o f  t h e  p r o j e c t ;  t h e  
team a s  such,  however, f u n c t i o n s  from t h e  s t a r t  o f  t h e  p r o j e c t ,  
u n t i l  t h e  implementa t ion  and e v a l u a t i o n  phase  i s  comple ted .  

The f o r m a t i o n  of  t h i s  p r o j e c t  team i s  a n o t h e r  c r u c i a l  s t a g e  
i n  t h e  sys tems  p r o j e c t .  It w i l l  b e  d i f f i c u l t  f o r  b o t h  t h e  pro-  
j e c t  managers and t h e  management c o n t r o l  commit tee  t o  o b t a i n  
f i r m  manpower commitments from l i n e  managers.  Even when l i n e  
managers make t h e s e  commitments, t h e y  may n o t  a s s i g n  t h e i r  b e s t  
p e o p l e  f o r  t h i s  work. However, it i s  e x a c t l y  t h e s e  q u a l i f i e d  
p e o p l e  who should  be on t h e  p r o j e c t  team. C o n s i d e r a b l e  t a c t  
and powers of  c o n v i c t i o n  a r e  r e q u i r e d  o f  t h e  p r o j e c t  team manager 
i n  o r d e r  t o  avo id  having a  s u r p l u s  of p e r s o n n e l  from t h e  l i n e  



depar tments  o r  personnel  f o r  whom a f u n c t i o n  has  t o  be found 
j u s t  p r i o r  t o  t h e i r  r e t i r e m e n t .  The "use r -o r i en t ed"  members of  
t h e  p r o j e c t  team w i l l  be most involved i n  t h e  implementat ion 
phase,  when t h e  system i s  passed on from t h e  system team t o  t h e  
u s e r s ;  t hey  may a l s o  n u r s e  t h e  system through i t s  f i r s t  p e r i o d  of 
p a r a l l e l  running .  Obviously, on ly  u s e r  personnel  who perform 
key f u n c t i o n s  i n  t h e i r  depar tments  could  be s u c c e s s f u l  i n  t h i s  
t a s k .  Note t h a t  it i s  u s u a l l y  a t  t h i s  s t a g e  t h a t  t h e  f i r s t  
s e r i o u s  human o b j e c t i o n s  t o  t h e  development of t h e  system a r e  
encountered .  

Those a s s igned  t o  work on t h e  team should be r e l i e v e d  of 
t h e i r  normal d u t i e s  and, i f  necessary ,  g iven  s u i t a b l e  t r a i n i n g .  
It i s  impor t an t  t h a t  a l l  team members have a  c l e a r  unders tanding  
of t h e  purpose and scope of t h e i r  assignment ,  and be f a m i l i a r  
w i t h  t h e  s chedu le s  and c o n s t r a i n t s  of t h e  systems e f f o r t  a p p l i -  
c a b l e  t o  t h e i r  work. 

Although i d e a l l y  systems development should proceed accord-  
i n g  t o  a  module p r i o r i t y  s e l e c t i o n ,  t h e r e  a r e  c e r t a i n  l i m i t a -  
t i o n s  on t h e  freedom one has  t o  make t h i s  p r i o r i t y  s e l e c t i o n .  
To ach ieve  a n  i n t e g r a t e d  system, t h e  f i r s t  modules t o  be approach- 
ed a r e  t h o s e  a s s o c i a t e d  w i t h  t h e  c r e a t i o n  and updat ing  of t h e  
d a t a  base .  A t  t h e  o u t s e t  of t h e  systems p r o j e c t ,  t h e  p r o j e c t  
team i s  f aced  w i t h  one of t h e  more d i f f i c u l t  a r e a s  (from a 
systems p o i n t  of view) of t h e  e n t e r p r i s e .  

The c r e a t i o n  of a  manufacturing d a t a  base  s t a r t s  w i t h  t h e  
company's product  s t r u c t u r e ,  from which a n  i tem master  f i l e  i s  
c r e a t e d ,  fol lowed by t e c h n o l o g i c a l  d a t a ,  l a b o r  s t a n d a r d s ,  and 
c o s t i n g  in fo rma t ion .  Most d a t a  r e q u i r e d  t o  develop  t h e s e  f i l e s  
can  be ob ta ined  from t h e  e n t e r p r i s e ' s  de s ign  eng inee r ing  d e p a r t -  
ment. Th i s  i s  a n  a r e a  t h a t  forms e s s e n t i a l l y  t h e  t e c h n i c a l  c o r e  
of t h e  company, u s u a l l y  o p e r a t i n g  a long  l i n e s  t h a t  have evolved 
d u r i n g  t h e  l i f e  of t h e  company. The approach used i n  c o l l e c t -  
i n g  t h e  depa r tmen t ' s  base  i n fo rma t ion  i n  a  s e t  o f  c e n t r a l  i n t e r -  
a c t i n g  f i l e s  p r e s c r i b e s  a  s p e c i f i c  d i s c i p l i n e  f o r  p repa r ing  sou rce  
d a t a  and handl ing  eng inee r ing  and c o s t  changes. Th i s  d i s c i p l i n e  
i s  unique ,  and u s u a l l y  r e s u l t s  i n  cons ide rab l e  changes i n  oper-  
a t i n g  mode and r e s p o n s i b i l i t y  d i s t r i b u t i o n  w i t h i n  t h e  department .  

Experience shows t h a t  it i s  d i f f i c u l t  t o  o b t a i n  coope ra t ion  
f o r  t h e  systems e f f o r t s .  While t h e  department  s t a f f  may no t  
unders tand  t h e  o b j e c t i v e s  of t h e  new system, t hey  do r e a l i z e  
q u i c k l y  t h a t  t h e  t r a n s f e r  of  manually updated b i l l s  of m a t e r i a l  
and r o u t i n g  f i l e s  t o  a  c e n t r a l  d i s c  f i l e  can mean a n  enormous 
amount of work f o r  t h e  depar tment .  I f  t h e  system i s  des igned  
p rope r ly ,  t h e  d a t a  e n t r y  modules w i l l  c o n t a i n  a  number of  p r e c i s e  
v a l i d a t i o n  and d a t a  checking r o u t i n e s .  The r e s u l t  w i l l  be t h a t  
a l l  e x i s t i n g  shortcomings i n  t h e  company's documentation show up 
and have t o  be c o r r e c t e d  be fo re  t h e  new system w i l l  a c c e p t  them. 

The e n t i r e  system e f f o r t  can s t and  a t  t h i s  p o i n t ,  u n l e s s  t h e  
eng inee r ing  department  i s  involved  i n  t h e  a n a l y s i s  and des ign  
t a s k .  It is worthwhile  t o  develop  a comprehensive educa t iona l  
package f o r  t h i s  department .  



The problem of e n s u r i n g  t h e  a c t i v e  p a r t i c i p a t i o n  of  t h e  
u s e r  depa r tmen t s  i n  t h e  systems development t a s k  w i l l  remain 
t h roughou t  t h e  p r o j e c t ' s  d u r a t i o n .  Because of  d i f f i c u l t i e s  en- 
coun t e r ed  i n  s o l v i n g  t h i s  problem, it is  e s s e n t i a l  t o  have o n l y  
phased implementa t ion  of i n t e g r a t e d  sys tems .  The s imu l t aneous  
implementa t ion  of  new sys tems  i n  a n  e n t i r e  company would r e q u i r e  
s o  many major  o r g a n i z a t i o n a l  changes t h a t  no sys tems  depar tment  
cou ld  be  expec ted  t o  cope w i t h  t h e  t a s k .  

A p o s s i b l e  method f o r  d e a l i n g  w i t h  t h e  problem of e n l i s t i n g  
t h e  u s e r s '  c o o p e r a t i o n  i s  t h e  development o f  a  u s e r  educa t i on  
program. R e s p o n s i b i l i t y  f o r  deve lop ing  t h e  u s e r  educa t i on  pro- 
gram shou ld  be  g iven  t o  a  s m a l l  subteam of  t h e  p r o j e c t  team 
c o n s i s t i n g  of  sys tems  s p e c i a l i s t s  and u s e r  r e p r e s e n t a t i v e s .  P a r t  
o f  t h e  u s e r  educa t i on  program should  be  p r o g r e s s  and a c t i v i t y  
r e p o r t s  p r e s e n t e d  t o  t h e  management c o n t r o l  g roup ,  and a n o t h e r  
p a r t  i n  t h e  form of  c l a s s  room p r e s e n t a t i o n s  t o  t h e  u s e r  d e p a r t -  
ment pe r sonne l .  The a c t u a l  sys tems  development  a c t i v i t y  t a k i n g  
p l a c e  i n  a n  e n t e r p r i s e  r e p r e s e n t s  i d e a l  c a s e  h i s t o r y  m a t e r i a l  
f o r  such  a  program. The u s e r s  w i l l  f i n d  it e a s i e r  t o  i d e n t i f y  
w i t h  t h e  m a t e r i a l  p r e s e n t e d  d u r i n g  t h e  program-when it i s  drawn 
from t h e i r  own working environment .  

During t h e  implementat ion of a  r e c e n t  l a r g e  sys tems  p r o j e c t ,  
it was observed  t h a t  n o t  o n l y  t h e  u s e r s  b u t  a l s o  many of  t h e  
s t a f f  i n  t h e  sys tems  depar tment  b e n e f i t e d  from such  in-house 
t r a i n i n g .  Whereas t h e  sys tems  development  team had i n i t i a l  
d i f f i c u l t y  i n  s e l l i n g  t h e  i d e a  of  implementing t h e  new system, 
e v e n t u a l l y  it was t h e  u s e r  depar tment  s t a f f  t h a t  wished t o  
a c c e l e r a t e  t h e  development pace .  

Obviously,  one r ea son  f o r  t h e  s low p r o g r e s s  i n  i n t e g r a t e d  
sys tems  development i n  i n d u s t r y  i s  t h a t  t h e r e  a r e  few v e h i c l e s  
t o  s u p p o r t  a  sys tem of t r a n s f e r  o f  expe r i ence  and proven t e chno l -  
ogy. I n  p a r t i c u l a r ,  medium-sized and sma l l  companies embarking 
upon such  a  p r o j e c t  go th rough  t h e  p r o c e s s  of r e i n v e n t i n g  t h e  
wheel .  The r e l u c t a n c e  t o  engage o u t s i d e  h e l p  i n  a  p r o j e c t  o f  
t h e s e  p r o p o r t i o n s  i s  found t o  be  more a  m a t t e r  of p r o f e s s i o n a l  
p r i d e  t han  o f  f i n a n c e s .  The sys tems  depar tment ,  which p l a y s  a  
l a r g e  r o l e  i n  a n  i n t e g r a t e d  sys tems  p r o j e c t ,  f e e l s  t h a t  it h a s  
t h e  knowhow t o  c a r r y  o u t  t h e  p r o j e c t .  It i s  d i f f i c u l t  f o r  any 
sys tems  depar tment  t o  have f i r s t h a n d  knowledge of  d i f f i c u l t i e s  
expe r i enced  i n  o t h e r  companies i n  t h e  p r o c e s s  of convinc ing  
u s e r s  and managers,  an  o u t s i d e  "p rophe t "  may r e c e i v e  more recog-  
n i t i o n  t han  t h e  company's own f a m i l i a r  f a c e s .  

T r a n s f e r  of knowhow and technology  i s  n o t  n e c e s s a r i l y  
e f f e c t e d  on ly  from h i g h l y  deve loped  t o  t h e  deve lop ing  wor ld .  
On a  d i f f e r e n t  s c a l e ,  s imi la r  problems e x i s t  i n  t echnology  
t r a n s f e r  between h i g h l y  deve loped  i n d u s t r i e s  and w i t h i n  t h e  
i n d u s t r i a l l y  developed world.  



Discuss ion  

The s e t t i n g  up of a  d a t a  base  was s i n g l e d  o u t  a s  an impor tan t  
problem. Data c o l l e c t i o n  should be a  f u n c t i o n  of  t hose  working 
i n  t h e  p l a n t  and no t  t h a t  of t h e  o p e r a t i o n a l  r e s e a r c h  group. 

The view was expressed t h a t  whi le  t h e  c a p a b i l i t y  e x i s t e d  i n  
most e n t e r p r i s e s  t o  e s t a b l i s h  t h e s e  bases ,  c o s t s  were a  c r i t i c a l  
f a c t o r .  The s i z e  of t h e  computer w i l l  depend on t h e  s i z e  of  t h e  
e n t e r p r i s e ,  and i n  p a r t i c u l a r  on t h e  number of b a s i c  d a t a  elements  
t o  be processed.  Normally about  2000  e s s e n t i a l  d a t a  e lements  a r e  
involved  i n  such work. S e t t i n g  up an e f f i c i e n t  in format ion  f low 
w i l l  i n  t h e  long run be a  c o s t  s av ing  a c t i v i t y  f o r  a n  e n t e r p r i s e ,  
and w i l l  j u s t i f y  t h e  i n i t i a l  expend i tu re s  f o r  c r e a t i n g  t h i s  system. 

Seve ra l  problems were mentioned i n  t h i s  connect ion:  t h e  l a c k  
of techniques ;  changes i n  u s e r  requi rements  once t h e  c o l l e c t i o n  
p roces s  has  begun; and human e r r o r s  i n  p roces s ing  d a t a .  

One p a r t i c i p a n t  informed t h e  Workshop t h a t  i n  Japan ,  a s  a  
r u l e ,  two s e p a r a t e  departments  were r e s p o n s i b l e  f o r  t h e  des ign  and 
implementat ion of  management informat ion  systems: l a r g e - s c a l e  
d a t a  process ing  and computer a p p l i c a t i o n  were handled by t h e  
Systems Department and t h e  e l e c t r i c a l  engineer ing  department  was 
r e s p o n s i b l e  f o r  t h e  process  c o n t r o l  computer. This  arrangement 
e l i m i n a t e s  t h e  problem of an  imbalance of power. 

I n  some companies i n  t h e  USA, t h e r e  i s  e i t h e r  a  s p e c i a l  
in format ion  group o r  a  v i c e  p r e s i d e n t  f o r  c o r p o r a t i o n  informat ion  
r e s p o n s i b l e  f o r  making p o l i c y  f o r  EDP des ign  and implementat ion.  
I n  some s t e e l  companies, t h e  process  c o n t r o l  computer is  p a r t  of 
t h e  product ion  s e c t i o n ,  and t h e  systems personnel  a r e  under t h e  
F i n a n c i a l  Department. Many p a r t i c i p a n t s  expressed  t h e  opin ion  
t h a t  a  s p e c i a l  systems department  and a  v i c e  p r e s i d e n t  f o r  i n f o r -  
mation would be p r a c t i c a l  i n  s t e e l  companies. 





General  Discuss ion  

Surguchov opened t h e  s e s s i o n ,  sugges t ing  t h a t  d i s c u s s i o n  
focus  on only  t h o s e  s u b j e c t s  n o t  covered i n  t h e  Workshop presen-  
t a t i o n s .  He asked f o r  an  e v a l u a t i o n  of t h e  o r g a n i z a t i o n  of t h e  
Workshop and f o r  c o n s t r u c t i v e  p roposa l s  f o r  f u t u r e  ones .  

Kopetz poin ted  o u t  t h a t  t h e  i n t e g r a t i o n  of t h e  p roces s  con- 
t r o l  computer f o r  cont inuous  c a s t i n g  o p e r a t i o n s  was n o t  d i s cus sed  
a t  t h e  Workshop. He f e l t  t h a t  t h e  coo rd ina t ion  and coope ra t ion  
w i t h i n  t h e  d i f f e r e n t  p a r t s  of s t e e l  m i l l s  i s  a  s u b j e c t  t h a t  de- 
s e r v e s  some a t t e n t i o n .  

Kuwabara proposed d i s c u s s i n g  a t  a  f u t u r e  workshop a  t o p i c  
connected w i t h  i n g o t  making and i n t e g r a t i o n  w i t h i n  a  s t e e l  p l a n t .  
The r ea son  f o r  t h i s  i s  t h a t  i n g o t  making has  n o t  progressed  ve ry  
much a s  f a r  a s  computer a p p l i c a t i o n  i s  concerned,  and work i n  t h i s  
a r e a  i s  needed. Another p o s s i b l e  s u b j e c t  i s  t h e  r e l a t i o n s h i p  
between cont inuous  c a s t i n g  and i n g o t  making. Nippon S t e e l  Corpor- 
a t i o n  (NSC) i s  conducting such a  s tudy .  A q u e s t i o n n a i r e  on t h i s  
t o p i c  was s e n t  t o  a  number of  Japanese  companies; t h e  r e s u l t s  
i n d i c a t e d  t h a t  i n  1990 t h e  technology of cont inuous  c a s t i n g  w i l l  
s t i l l  be i n  u s e  i n  about  50 t o  55 pe rcen t  of t h e  s t e e l  p l a n t s ,  
which means t h a t  about  one-half t h e  s t e e l  must be teamed i n  t h e  
ingot-making p l a n t .  

Lanzer i n d i c a t e d  t h a t  t h i s  s o l u t i o n  w i l l  depend mainly on 
t h e  f e a t u r e s  of each p l a n t .  Anderson agreed t h a t  communication 
between t h e  s tee lmaking  product ion  u n i t  and t h e  cont inuous  c a s t i n g  
one i s  a  major problem a r e a .  Seve ra l  q u e s t i o n s  a r o s e  i n  t h i s  
connect ion .  Where does o v e r a l l  r e s p o n s i b i l i t y  l i e ?  W i l l  one 
manager be r e s p o n s i b l e  f o r  bo th  p l a n t s  o r  should  t h e r e  be s epa r -  
a t e  managers f o r  each of t h e  p l a n t s ?  I f  t h e r e  i s  a  s e p a r a t e  
management, how a r e  p r i o r i t i e s  s e t  and what communication system 
should  t h e r e  be between t h e  two u n i t s ?  Surguchov added t h a t  i n t e -  
g r a t i o n  between d i f f e r e n t  product ion  u n i t s  may be v e r t i c a l  a s  we l l  
a s  h o r i z o n t a l ,  and t h i s  a s p e c t  of  managerial  i n t e g r a t i o n  should 
a l s o  be  d i scus sed .  

O b e r p a r l e i t e r  i nqu i r ed  about  t h e  d a t a  requi rements  of such  
an  i n t e g r a t e d  system. The main jobs  a r e  d a t a  t r a n s f e r  and i n t e r -  
p r e t a t i o n  of d a t a .  There a r e  u s u a l l y  many problems--as f o r  ex- 
ample d a t a  s t o r a g e ,  and it would be u s e f u l  t o  d i s c u s s  t h e  d i f f e r -  
e n t  jobs  and ways of c r e a t i n g  an i n t e g r a t e d  system from i n d i v i d u a l  
d a t a  banks. 

I n  t h e  d i s c u s s i o n  of t h e  g e n e r a l  problems of i n t e g r a t i o n ,  
~ G b n e r  added t h a t  it would be of i n t e r e s t  t o  a l l  p a r t i c i p a n t s  t o  
l e a r n  about  IIASA's a c t i v i t i e s  i n  t h i s  a r e a .  Commenting on t ech -  
n i c a l  communications i n  s t e e l  p l a n t s ,  Muller  s t a t e d  t h a t  t h e r e  



were problems n o t  on ly  w i t h i n  s t e e lmak ing  p l a n t s  b u t  a l s o  w i t h i n  
t h e  "boundary regionsu--between BOFs and con t i nuous  c a s t i n g  u n i t s  
o r  between con t i nuous  c a s t i n g  u n i t s  and r o l l i n g  m i l l s ,  e t c .  The 
b a s i c  concep t  f o r .  s o l v i n g  t h e s e  problems is  t h a t  t hey  can  be 
a p p l i e d  a t  any l e v e l .  A seminar  o r  a  workshop on such  boundary 
c o n d i t i o n s  should  be cons ide r ed .  

Kopetz,  w h i l e  ag r ee ing  w i t h  t h i s  v i ewpo in t ,  s t r e s s e d  an 
i n h e r e n t  danger .  I f  t h e  problems of boundary c o n d i t i o n s  a r e  
a b s t r a c t e d  and t r e a t e d  a s  such ,  t h e  c o n c r e t e  a s p e c t s  may be  f o r -  
g o t t e n  s o  t h a t  one is  aga in  t a l k i n g  abou t  t h e  a b s t r a c t .  Th i s  
may r e s u l t  i n  t h e  r e a l  problems n o t  be ing  add re s sed  and s o l u t i o n s  
t h a t  may n o t  be  u s a b l e .  

d e  Jong e l a b o r a t e d  a s p e c t s  of IIASA's approach t o  t h e  organ-  
i z a t i o n  of r e s e a r c h .  H e  r e f e r r e d  t o  D r .  L e v i e n ' s  comments a t  
t h e  beg inn ing  of  t h e  Workshop. The I n s t i t u t e  is  concerned w i t h  
problems of a  u n i v e r s a l  and g l o b a l  n a t u r e .  The work of t h e  
Management and Technology a r e a  i n c l u d e s  s t u d i e s  o f  t h e  impac ts  
of i n t e g r a t e d  sys tems  n o t  on ly  i n  t h e  steel  i n d u s t r y  b u t  f o r  
i n d u s t r y  a s  a  whole. H e  welcomed t h e  sugges t i on  t o  c r e a t e  a  
g roup  t o  s t u d y  i n t e g r a t i o n  problems i n  BOFs, and i n  t h e  steel  
i n d u s t r y  a s  a  segment of t h e  economy. The s t udy  cou ld  be 
fo l lowed up by meet ings  w i t h  steel makers and steel u s e r s  o r  
p l a n n e r s .  Although p lanning  m i n i s t r i e s  e x i s t  i n  o n l y  a  few 
c o u n t r i e s ,  t h e r e  i s  enough expe r i ence  t o  pe rmi t  a  f r u i t f u l  ex- 
change of i n fo rma t ion .  

G i f f o r d  s t r e s s e d  t h a t  most of t h e  p a r t i c i p a n t s  were from 
i n d u s t r y ,  which i s  ev idence  of t h e  l a t t e r ' s  suppo r t  f o r  IIASA's 
work. It i s  impor t an t  t o  keep i n  mind t h a t  i n d u s t r y ' s  s u p p o r t  
w i l l ,  however, be  main ta ined  on ly  i f  t h e  emphasis  i s  on t h e  
c o n c r e t e .  Surguchov a l s o  s t r e s s e d  t h e  impor tance  of i n d u s t r i a l  
c o n t a c t s .  The most op t ima l  ways t o  e s t a b l i s h  t h e s e  i s  th rough  
c a s e  s t u d i e s  such a s  t h e  one on steel .  

Lanzer sugges t ed  t h a t  f u t u r e  t o p i c s  and p a r t i c i p a n t s  a t  
workshops be chosen wi th  c a r e .  

Kuwabara made s e v e r a l  s t a t e m e n t s .  With r e g a r d  t o  t h e  dy- 
namic c o n t r o l  of BOFs, a f t e r  l i s t e n i n g  t o  t h e  Workshop d i s c u s s i o n s ,  
he  s t i l l  b e l i e v e d  t h a t  dynamic c o n t r o l  by t h e  sub l ance  method was 
one of  t h e  b e s t  s o l u t i o n s .  H e  added t h a t  h i s  company planned t o  
combine t h e  sub l ance ,  sound meter ,  and was te  g a s  a n a l y s i s ;  i f  
t h i s  new t e c h n i q u e  was s u c c e s s f u l ,  i t  would be a n  improvement 
over  t h e  e x i s t i n g  one.  The second p o i n t  he commented on concerned 
compu te r i z a t i on .  Although he was n o t  a  s p e c i a l i s t  i n  t h i s  f i e l d ,  
he  had s t u d i e d  t h e  problem of i n t e g r a t i o n .  With t h e  knowledge 
o b t a i n e d  a t  t h e  Workshop, he f e l t  he  cou ld  h o l d  v a l u a b l e  d i s -  
c u s s i o n s  w i t h  h i s  p r o j e c t  management i n  Japan .  H e  had l e a r n e d  
much from t h e  Workshop, and would r e t u r n  t o  Japan  t o  app ly  t h i s  
new knowledge. Th i rd ly ,  he sugges t ed  some s u b j e c t s  f o r  f u t u r e  
workshops, add ing  t h a t  he hoped more p a r t i c i p a n t s  from t h e  USA 
would be  i n  a t t e n d a n c e  a s  w e l l  a s  more r e p r e s e n t a t i v e s  f rom Eas t  



European countries. Both Gifford and Lanzer agreed that it 
would be interesting to make contacts with those operating 
management control systems in East European countries. 

As regards the use of the sublance method, Anderson said 
that in the UK, and perhaps also in other European countries, 
the problem is that a universal point has not been reached and 
a wide spectrum of transitions still exists; however, an end point 
is hoped for in the near future. While Japanese companies may 
have achieved good results from the introduction of the sublance 
in the last minutes of blowing, this was not the case in the UK. 

Ogawa supported Kuwabara's view on the use of the sublance 
for determining carbon content and for temperature measurement. 
Important information is needed in connection with slag forma- 
tion, and here sound intensity is implemented for measurement. 
Most plants in Japan have implemented the sublance method, and 
are developing an integrated computer system which appears to 
be different from the European system in operation. 

Referring to the presentation of de Jong, Roll6 stressed 
the importance of involving line managers in an information sys- 
tem. He suggested that IIASA consider studying various techniques 
used to define an information system. de Jong agreed that IIASA 
could play a role in this area, but that funding for this task 
within the Management and Technology area was limited. 

Roll6 observed that since most companies have developed 
their own techniques to define a system, it would be interesting 
to hold discussions on this topic. He felt that IIASA would find 
support among industrial firms for a workshop on this subject. 

Gifford stressed two points. High quality, reliable computer 
software should be available, and users should not have to make 
modifications to the packages. For this to occur, a dialogue 
should be set up between suppliers and users. His second point 
concerned the operators and other personnel in steel plants. 
In his opinion, the success of the Japanese steel firms had to 
do with the quality of the key operators and the way they were 
selected, trained, and motivated. This factor should not be 
overlooked by countries studying the Japanese experience; he 
stressed the need to examine it in more detail. 

Kopetz referred to the previous statement about supplier 
packages, stating that he felt, for example, IBM makes consider- 
able efforts to tailor their software packages to user require- 
ments. The real problem is that systems are too complex, and 
have to be broken down into a number of smaller subsystems in 
order to be handled. He invited comments on this subject from 
a representative of IBM. 

Roll6 replied that there was always room for improvements; 
new technology offers opportunities in a decentralized systems 
approach. He agreed with Kopetz that users should not develop 



t h e i r  own hardware. I B M  has much exper ience  wi th  i n s t a l l a t i o n s  
where u s e r s  have no t  t aken  s t anda rd  so f tware .  Surguchov added 
t h a t  it i s  impor tan t  t o  remember t h a t  so f tware  i s  approximately 
8 0  p e r c e n t  of t h e  c o s t  of t h e  whole system. 

Anderson commented on t h e  personnel  f a c t o r  i n  s t e e l  p l a n t s .  
L i f e  i s  becoming more automated, w i th  complete  c o n t r o l  f a c i l i t i e s  
based on t h e  computer. A s  a  r e s u l t ,  o p e r a t o r s  f i n d  it d i f f i c u l t  
t o  have job s a t i s f a c t i o n .  Moreover, t h e r e  i s  o f t e n  a  communica- 
t i o n  problem between o p e r a t o r s .  Lanzer agreed  wi th  t h i s  obser -  
v a t i o n .  A t  Mannesmann, he s t a t e d ,  t h e r e  a r e  on ly  f o u r  people  on 
one s h i f t ,  working a t  d i f f e r e n t  p l a c e s ,  and du r ing  one s h i f t  t hey  
may s e e  one ano the r  perhaps on ly  twice .  Re fe r r ing  t o  t h e  BOF 
p roces s ,  he noted  t h a t  former ly  t h e  o p e r a t o r  had c o n t a c t  w i th  
t h e  process ;  now, however, he i s  on ly  r ead ing  s i g n s  and r e p o r t -  
i ng  r e s u l t s  by te lephone .  A t  Mannesmann, o p e r a t i o n s  a r e  on ly  
made au tomat ic  when a b s o l u t e l y  necessary ,  and a s  much r e spons i -  
b i l i t y  i s  l e f t  w i th  t h e  personnel  a s  is  p o s s i b l e .  He f e l t  t h a t  
IIASA could p l ay  a  c o n t r i b u t i v e  r o l e  by s tudying  t h e s e  problems. 

Miiller po in ted  o u t  t h a t  t h e  I n t e r n a t i o n a l  Fede ra t ion  of 
Automatic Cont ro l  had formed a  working group t o  s tudy  t h e  s o c i a l  
e f f e c t s  of automation.  A s  a  member of t h i s  group,  he welcomed 
t h e  Workshop's comments on t h i s  and advised  t h a t  he would t r a n s -  
m i t  them t o  t h e  next  meeting of t h e  group,  t o  be he ld  i n  June .  

Kuwabara c i t e d  s e v e r a l  examples of how Japanese  f i rms  a r e  
d e a l i n g  wi th  t h e  human f a c t o r  i n  automated systems.  He agreed  
t h a t  t h i s  t o p i c  would be a  good one f o r  a  f u t u r e  workshop. 

Rol l6  po in t ed  o u t  t h a t  a t  IBM job s a t i s f a c t i o n  forms a r e  
completed annua l ly ,  and t h e  company was aware of t h e  need t o  
s o l v e  t h i s  problem. He agreed  t h a t  it was a  common problem t o  
a l l  i n d u s t r i e s .  

Holmberg r a i s e d  t h e  s u b j e c t  of d a t a  bases ,  s t a t i n g  t h a t  t hey  
were an e x c e l l e n t  t o o l  t o  h e l p  management look i n t o  t h e  f u t u r e .  
De Jong gave an example of  how d a t a  base had been used i n  t h e  
USA t o  p r e d i c t  t r e n d s  i n  t h e  automobile  i n d u s t r y .  He f e l t  t h a t  
d a t a  bases  played a  major r o l e  i n  f o r e c a s t i n g .  

Lanzer expressed  s e v e r a l  p o i n t s .  He suppor ted  Kuwabara's 
s t a t emen t  about  t h e  use  of t h e  sublance  f o r  BOF c o n t r o l .  Other  
informat ion  about  waste  g a s  a n a l y s i s  and sound measurement should 
a l s o  be used. He s t r e s s e d  t h e  importance of computer a p p l i c a t i o n  
f o r  main ta in ing  q u a l i t y  c o n t r o l  i n  s t e e l  p l a n t s .  The computer, 
he opined,  was on ly  a  t o o l  f o r  s o l v i n g  c o n c r e t e  problems, and 
o t h e r  methods should no t  be overlooked.  

Miska po in t ed  o u t  t h e  need t o  develop  a  model f o r  an  i n t e -  
g r a t e d  s t e e l  p l a n t ,  and Tokuyama s t r e s s e d  t h e  need t o  examine 
t h e  problems of t o t a l  op t imiza t ion  of s t e e l  p l a n t s  from t h e  
p o i n t s  of view o f  p r o d u c t i v i t y ,  energy conse rva t ion ,  e t c .  



Both Weiler  and Burghardt  expressed  t h e i r  s a t i s f a c t i o n  wi th  
t h e  Workshop d i s c u s s i o n s ,  adding t h a t  t hey  had l ea rned  much from 
t h e  exchange of  in format ion  among t h e  p a r t i c i p a n t s  from d i f f e r e n t  
c o u n t r i e s .  

Speaking on behalf  of t h e  Management and Technology a r e a ,  
S t r a s z a k  s t a t e d  t h a t  based on t h e  d i s c u s s i o n s  he f e l t  t h e r e  was 
s u f f i c i e n t  i n t e r e s t  f o r  IIASA t o  con t inue  i t s  e f f o r t s  i n  t h e s e  
d i r e c t i o n s .  IIASA hoped t o  s t r e n g t h e n  i t s  c o n t a c t s  w i t h  i n d u s t r y ,  
and i n  p a r t i c u l a r  t o  e s t a b l i s h  good r e l a t i o n s  w i th  t h o s e  working 
on s p e c i f i c  problems of mutual i n t e r e s t .  He hoped t h a t  a t  f u t u r e  
IIASA workshops t h e r e  would be more r e p r e s e n t a t i v e s  from t h e  
S o v i e t  Union, Poland, and Czechoslovakia.  He wished t o  e x p r e s s  
h i s  t hanks  t o  t h e  p a r t i c i p a n t s  f o r  t h e i r  c o n t r i b u t i o n s .  S p e c i a l  
thanks  were g iven  t o  V O E S T - ~ l ~ i n e ,  wi thout  whose h e l p  t h e  Work- 
shop would n o t  have been p o s s i b l e .  He hoped t h a t  c o n t a c t  would 
be s t r eng thened  s i n c e  t h e  company was i n t e r n a t i o n a l  i n  scope.  
He a l s o  expressed  thanks  t o  IBM f o r  t h e i r  cons ide rab l e  c o n t r i b u -  
t i o n  t o  t h e  Workshop. He sugges ted  t h a t  a  sma l l  working group 
be s e t  up, composed of  r e p r e s e n t a t i v e s  from i n d u s t r y  and IIASA. 

Seve ra l  p a r t i c i p a n t s  o f f e r e d  comments about  t h e  o r g a n i z a t i o n  
of t h e  Workshop. Lanzer, Miska, and Muller  sugges ted  l i m i t i n g  
t h e  l e n g t h  of p r e s e n t a t i o n s  t o  a l l o w  more t ime f o r  d i s c u s s i o n s  of 
r e a l  problems. I t  was unanimously agreed  t h a t  t h e  Workshop had 
provided an  e x c e l l e n t  oppor tun i ty  f o r  in format ion  exchange. 





Conclusions 

G. Surguchov 

IIASA's approach to solving scientific and technical problems 
may be characterized as international, interdisciplinary, and 
applied. Research on the application of computers in the steel 
industry, on the control of basic oxygen furnaces (BOFs), and on 
the integration of management systems in large plants has proceed- 
ed along these lines. 

Steelmaking is a universal activity that is of international 
importance, as evidenced by the participation at this Conference 
of representatives of some ten countries. The BOF is the most 
widely used steelmaking technology in most developed countries 
and in a number of industrializing countries. Computer applica- 
tion for the control of this process and for the development of 
an integrated management system can improve the techno-economic 
indexes of this technology. 

The need for an interdisciplinary approach to problem solving 
in the steel industry has been discussed at this conference within 
the framework of the IIASA matrix (see Table 1). A number of re- 
lated subjects were identified for applying system analysis: the 
man-computer interface, organizational structure, social aspects 
of computerization, model development and verification, adaptation 
and optimization techniques, etc. Most of these fall within two 
research areas at IIASA: Management and Technology, and System 
and Decision Sciences. 

Experience has shown that computer application in the control 
of BOFs has achieved effective utilization of resources (e.g., 
materials, energy, labor, capital). For example, a comparative 
analysis of resource demand of BOFs and of other steelmaking tech- 
niques (e.g open hearth) has shown the advantages of the BOF tech- 
nology. Also, the steel industry is a major environmental pollut- 
er; computer control of BOFs has decreased pollution, as for 
example, by decreasing and preventing slopping. 

As to the applied aspect of this research, let me point out 
that industry has always expressed interest in discussing problems 
of computer control of BOFs, and has been active in supporting 
and organizing conferences like this one. The discussions follow- 
ing the presentations have been industry-oriented. 

A number of technical points were made at the Conference 
which could be useful to steel industries in different countries. 
Among the major points are the following: 
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- The c u r r e n t  t r e n d  i n  computer c o n t r o l  o f  BOFs i s  t o  
combine a  s t a t i c  computer system w i t h  a  s u b l a n c e  f o r  
measuring ca rbon  c o n t e n t  and t e m p e r a t u r e .  T h i s  i s  
p o s s i b l e  a s  a  r e s u l t  of r e c e n t  developments  i n  o b t a i n -  
i n g  d i r e c t  i n f o r m a t i o n  on m e t a l  c o n d i t i o n s .  

- During t h e  p a s t  t e n  y e a r s  t h e r e  h a s  been no s i g n i f i c a n t  
p r o g r e s s  i n  d e v e l o p i n g  and implement ing dynamic sys tems  
f o r  w a s t e  g a s  a n a l y s i s  sound measurement,  and s i m i l a r  
a c t i v i t i e s ,  owing t o  i n a c c u r a t e  i n d i r e c t  i n f o r m a t i o n .  

- F o r  t h e  c o n t r o l  and management of BOFs a s  p a r t  o f  an  
i n t e g r a t e d  s teel  p l a n t ,  it is n e c e s s a r y  t o  have a  com- 
p u t e r  sys tem t h a t  c o o r d i n a t e s  a l l  p r o d u c t i o n  and manage- 
ment a c t i v i t i e s .  

- The implementa t ion  of a  f u l l y  i n t e g r a t e d  management 
system h a s  t a k e n  p l a c e  o n l y  i n  new p l a n t s  t h a t  were  
d e s i g n e d  and implemented j o i n t l y  w i t h  c o n t r o l  and manage- 
ment sys tems .  The i n t e g r a t i o n  of compute rs  i n  e s t a b l i s h e d  
p r o d u c t i o n  sys tems  i s  a  more comprehensive p r o c e s s  s i n c e  
many o l d  f i r m s  c o n c e n t r a t e  t h e i r  e f f o r t s  on d e v e l o p i n g  a  
l o c a l  subsystem t h a t  migh t  b e  needed i n  t h e  s h o r t  r u n .  

- There  i s  a  l a c k  o f  communication between customer and 
s u p p l i e r  i n  d e v e l o p i n g  and implement ing an  i n t e g r a t e d  
sys tems ,  p a r t i c u l a r l y  i n  d e v e l o p i n g  s o f t w a r e  packages .  
One way t o  overcome t h i s  i s  t o  u s e  s t a n d a r d  packages  
deve loped  by s o f t w a r e  h o u s e s ,  and t o  i n v o l v e  t h e  u s e r ' s  
s o f t w a r e  f a c i l i t i e s  i n  o r d e r  t o  a d a p t  them t o  p a r t i c u l a r  
c o n d i t i o n s .  

- E v a l u a t i n g  t h e  economic e f f i c i e n c y  of  computer sys tems  is  
d i f f i c u l t  f o r  a  number o f  r e a s o n s ,  i n c l u d i n g  t h e  s m a l l  
changes  i n  t h e  p a r a m e t e r s  o f  t h e  p r o d u c t i o n  s p h e r e ,  and 
t h e  f a c t  t h a t  e f f e c t i v e n e s s  i n  t h e  m a n a g e r i a l  s p h e r e  is  
d i f f i c u l t  t o  d e t e r m i n e  owing t o  a  l a c k  o f  e v a l u a t i o n  
t e c h n i q u e s .  

- The r o l e  o f  man i n  o p e r a t i n g  computer sys tems  remains  a  
key one. The computer-based management sys tem i s  o n l y  a  
t o o l  t o  h e l p  dec i s ionmaking  a t  a l l  l e v e l s ,  s t a r t i n g  from 
t h e  p r o c e s s  c o n t r o l  o p e r a t o r  up t o  t h e  t o p  management i n  
a  s teel  p l a n t .  

S o l u t i o n s  t o  problems i n  a r e a s  such  a s  computer sys tems  con- 
f i g u r a t i o n ,  s o f t w a r e  package development ,  and sys tems  a d a p t a t i o n ,  
a r e  o f  g r e a t  impor tance  t o  t h e  s teel  i n d u s t r i e s ,  worldwide,  and 
t h i s  e x p e r i e n c e  c o u l d  b e  u s e f u l  t o  o t h e r  i n d u s t r i a l  s e c t o r s  a s  
w e l l .  
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Appendix 1 

FUTURE DISCUSSION POINTS* 

Iron Analysis 

How to achieve consistent iron analysis: raw material, 
contracts? How to achieve reliable analysis figures for BOF 
plants? Sampling techniques and analysis? 

Weighing 

What are the recommended techniques? What is the accuracy 
required and achievable? What are the calibration, checking, 
and routine maintenance techniques? Is there any radio trans- 
mission of crane weights? 

In-blow Measurement 

Are indirect methods better than direct methods? Are direct 
methods alone a waste of money? 

Models 

Should static models be used versus dynamic models? What 
are the main features of each type? Are iron, scrap, 02, addi- 
tives, ladle additions, temperature, and bath height data taken 
into consideration in the model? 

Key Operators 

What are the key jobs and how are selection and promotion 
methods carried out? What is the educational level and payment/ 
motivation system like? 

Information System 

What type of information is used and what is the size of 
the network and its configuration? 

BOF/Concast Link 

Is computer modeling necessary? Are the decisions manual 
or computer? 

Implementation 

Are standard supplier software packages good? 

*Proposed by representatives of British Steel Corporation. 



SUGGESTED TOPICS FOR FUTURE RESEARCH* 

P r o c e s s  and p r o d u c t i o n  c o n t r o l  i n  t h e  i ronmaking a r e a .  

P r o d u c t i o n  c o n t r o l  i n  s t e e l m a k i n g  and c o n t i n u o d s  c a s t i n g .  

P r o d u c t i o n  and p r o d u c t i o n  c o n t r o l  sys tems  i n  r o l l i n g  m i l l s .  

Opt imal  l e v e l  o r  l i m i t  of c o m p u t e r i z a t i o n  i n  t h e  s tee l  
i n d u s t r y .  

Economic e f f i c i e n c y  of computer a p p l i c a t i o n  i n  t h e  s teel  
i n d u s t r y .  

T o t a l  o p t i m i z a t i o n  f o r  l a r g e - s c a l e  s tee l  p l a n t s .  

Role of computers  i n  t h e  s teel  i n d u s t r y  i n  t h e  y e a r  2000. 

Techniques  f o r  d e f i n i n g  u r g e n t  needs  f o r  a n  i n f o r m a t i o n  
system.  

Computer p e n e t r a t i o n  i n  o p e r a t i n g  p r o d u c t i o n  sys tems .  

R e a l i z a t i o n  o f  i n t e g r a t i o n  u s i n g  d i f f e r e n t  hardware c a t e -  
g o r  ies . 

I n t e g r a t e d  c o n t r o l  and management sys tems:  l i m i t a t i o n s ,  
c u r r e n t  t r e n d s ,  p e r s p e c t i v e s .  

Problems of o r g a n i z a t i o n  and computer a p p l i c a t i o n  f o r  
a p p l i e d  i n d u s t r i a l  r e s e a r c h .  

*Proposed by t h e  Workshop P a r t i c i p a n t s .  



Appendix 2 

Agenda 

Monday, 9 May 

10 : 00 Opening Remarks 

10: 15 Computer Application in BOF 
Technology - A Systems Approach 
Discussion 

11:15 Thermodynamical Considerations 
in LD-Process Modeling 

Discussion 

14:OO Dynamic Control of Basic 
Oxygen Furnaces 

Discussion 

15:30 Investigations for Dynamic 
Operation of the LD Method, A 
Model of End-point Control 

Discussion 

16:45 Economic Aspects of Computer 
Application in BOF 

R.E. Levien 

G. Surguchov 

J. Weniger 

T. Kuwabara 

W. Lanzer 

L. Surguchova 

Discussion 

Tuesday, 10 May 

09:30 Adaptation Methods in Investigations, R. Simsaryian 
Monitoring and Control of the Oxygen 
Converter Process 

Discussion 

10:30 The Application of Computer Technique H. Burghardt 
to Process Control of Bottom Blown 
Oxygen Converters in the GDR 

Discussion 



11:30 I n t e g r a t e d  Computer .Contro1 
System f o r  S tee lmaking  P l a n t s  
a t  Mizushima Works 

1  4 : 00 I n t e g r a t e d  Computer Systems i n  
Large  S t e e l  P l a n t s :  E x p e r i e n c e  
a t  BSC T e e s i d e  and S c u n t h o r p e  

D i s c u s s i o n  

15:OO The Computer C o n t r o l  System a t  
t h e  S t e e l  P l a n t s  i n  Wakayama 
S t e e l  Works 

D i s c u s s i o n  

16:OO S t a n d a r d  Communication Subsystems 
f o r  S t e e l w o r k  A p p l i c a t i o n  

D i s c u s s i o n  

17:OO T o t a l  On-l ine  P r o d u c t i o n  C o n t r o l  
System i n  Kashima S t e e l  Works 

Wednesday, 11 May 

09:30 P r o d u c t i o n  P l a n n i n g  and C o n t r o l  
a t  Domnarvets J e r n v e r k  
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