Sheffield
Hallam
University

The efficient utilisation of raw materials in special steelmaking.

MENON, U.

Available from the Sheffield Hallam University Research Archive (SHURA) at:

http://shura.shu.ac.uk/20056/

A Sheffield Hallam University thesis

This thesis is protected by copyright which belongs to the author.

The content must not be changed in any way or sold commercially in any format or medium
without the formal permission of the author.

When referring to this work, full bibliographic details including the author, title, awarding
institution and date of the thesis must be given.

Please visit http://shura.shu.ac.uk/20056/ and http://shura.shu.ac.uk/information.html for
further details about copyright and re-use permissions.


http://shura.shu.ac.uk/information.html

Sheffield City Polytechnic Library

REFERENCE ONLY



ProQuest Number: 10697363

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10697363

Published by ProQuest LLC(2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



COUNCIL for NATIONAL ACADEMIC AWARDS

U"THE EFFICIENT UTILISATION OF RAW

MATERIALS IN SPECIAL STEELMAKING"

A thesis submitted for the degree of

MASTER OF PHILOSOPHY

BY

U. MENON

September 1972 SHEFFIELD POLYTECHNIC



LIBRARY \V

72'M125409



CONTENTS

Page
Acknowledgements 1
1. Background to the Project 2
2. i) Introduction to the Research Topic 4
ii) Literature Survey
3. Development of an Efficient Material Allocation
System 12
4. Experimental Studies 26
5. A Review of Benefits and Limitations Associated
with Least Cost Mix Systems 44
6. Development of a Model to Evaluate the Expected
Cost to the User Arising from Attribute
Uncertainty 58
7. Analysis of Scrap Circulation in Steelplants 71
8. Analysis of Human Reactions Towards Change 97
9. Conclusions 105
10. References 107
Appendices

I A Review of Least Cost Mix Projects in North
American Steelplants

II Reports and Papers by the Author

III Specimen Print-Out from "Melt-Out" Simulation
Program

Iv Statement of courses and Conferences Attended



ACKNOWLEDGEMENTS

I wish to express my sincere appreciation to Mr. I. Cooper,
Dr. W. G. Gilchrist and Mr. E. Worthington, for the inval-
uable guidance received during this research programme. I
am grateful to British Steel Corporation for the financial
sponsorship of this project.

I would like to express my thanks to the following:

- Mr. 0. Bardsley and Mr. W. Gorczynski for encouraging me
to undertake a post-graduate programme of research.

- Dr. H. S. Gill and Mr. D. R. Tranfield for their help and
guidance in the Sociological studies.

- Mr. J. H. Hemming and Mr. D. C. S. Shearn for their
assistance on the introduction to L.P. packages and
allied systems.

- The management and staff of River Don Works, British Steel
Corporation, for their co-operation.

Miss L. Batty for having typed this thesis.

- Miss P. J. Doherty for her contributions in programming
the Flow Simulation Model.



Chapter 1

"Background to the Project!

The author was sponsored by British Steel Corporation to
carry out a programme of research into the efficient util-
isation of raw materials in special steelmaking. The
experimental studies were carried out at River Don Works,
Sheffield and most of the models developed relate to the
methods of operation at this plant. Prior to nationalisa-
tion this works was a part of English Steel Corporation
Limited. River Don Works operates as an integrated organ-
isation for the manufacture of special steel products, with
production facilities for steelmaking, forging, casting and
machining. The works produces Forgings and Castings in the
weight r;nge 0-250 Tons. The following is a sample of the
product range: Turbine Rotors for power stations, marine
propulsion shafts, chemical reaction chambers, high pressure
vessels, locomotive crankshafts, automobile components, etc.
The steel qualities required for such items are mainly alloy
steels. 7The main steelmaking facilities of the company are
electric arc melting furnaces, for which the major raw
material is steel scrap. This research project has been
concerned with scrap as a raw material in the production of

special steels.

nitial phases of the rescarch programme were concerned

e

The
with the development of a model to represent the decision
making systems for the efficient blending of raw materials,
Appraisal of the resulis from experimental studies using
the model indicated the need to examine associated problem

areas within the broader framework of the company as a



whole, with particular reference to scrap flow.

In addition to considerations of physical inter-actions,
the sociclogical aspects of human reactions within the
organisation have been studied with paxrticular reference to
the resistance to change or innovation. Coverage of this
aspect has been regarded as being relevant and important,
because industrial systems are usually sensitive to human

involvement or interference.

The results of a Literature sﬁrvey of previous and conteme
porary work on this topic are included in this thesis. The
discussions include an appraisal of these contributions and
an assessment of originality in this thesis in relation to

work by others.

During the course of this project the author was awarded a
Travel Scholarship by British Steel Corporation, to study
computer applications in Electric Steelmaking Plants in
Noxth Amexica. Ihis.study has enabled the inclusion in this
thesis of an appreciation of contemporary approaches in the
field of raw material allocation in North American Steel-

plants.

The = thesis terminates with proposals for further work in

associated problem areas,

It is anticipated that the subject matter presented herein

will be of interest to both academic and industrial readers.



ChaEter 2

2- (1) Introduction to the Research Topic

The topic of research is - '"The Efficient Utilisation of
Raw lMaterials in Special Steelmaking''. The object of this
chapter is to outline the principles of special steelmaling
an& 40 define the problem arcas associated with this pxocess

which have been studied in this project.

"Special Steels" is a term used to denote steels which have
chemical compositions withinlthe categories of alloy stcels,
stainless stecels, enhanced Carbon Steels and steels for
specialist applications. These steels tend to have signif-
icant amounts of Nickel, Chromium and HMolybdenum which
promote favourable physical properties in steel., These
elements fron virgin sources command high market prices and
hence special steels are priced very much higher than "mild
steels", Special steels are produced mainly in electric arc
melting furnaces. Steel scrap constitutes the major raw

material for electric arc furnaces,

The requirements of a particular steel at the melting stage
are stipulated by a specification of chemical composition.
This chemical specification constitutes the production
objective of the meliing shop for that order. The furnace
accepts a charge of steel scrap which is melted by the arc
struck between three graphite electrodes and the scrap. A
furnace may require several charges of scrap before it
achieves its nominal capacity of molten metal. The "melt-
down' phase is deemed to be complete when all the charge in
the furnace is fully melted. A sample is drawn from the

furnace and the chemical composition determined by spectro-



graphic means. The level of each chemical element at this
stage is referred to as the '"melt-out" value. The next
production phase is ''refining", during which attempts are
made to adjust the "melt-out' values,to converge towards

the specification, The levels of some elements can be
controlled by altering the chemical condition of the slag

(a non-metallic floating layer) to promote slag-metal
reactions., Some elements can be roxidised by injecting
oxygen into the bath, Positive adjustments for most elements
can be made by adding these elements in the virgin forn.

Some elenents are termed ''stable clements' by virtuce of their
resistance to reduction, i.e. stable clements cannot be
removed from the bath. The refining period terminates with
all element values within the bounds of the specification.
The molten metal is tapped into a ladle and cast into ingot

moulds., The furnace is then prepared for the next melt.

The cost objective in selecting a charge of scrap is to
seélect the cheapest blend of scrap which will provide the

required melt-out values of the major elements included in

the specification. The elemenis usually included in special
steel specifications are Carbon, Silicon, Manganese, Sulphur,
Phos:phorus, Nickel, Chromium, Molybdenum, Copper and Tin,

An upper and lower bound is normally specified for most of
these elenents. The scrap required to 'make-up" furnace
charges:is acquired and stocked in bunkers or rail wagons,
according to a scrap classification code. A typical scrap

classification system is indicated on the next page.



Scrap Type

Carbon Scrap

Attributes

05 Carbon Sulphur and Phosphorus ,05% MAX

o4 n " " " 045

Basic Carbon Unspecified

Alloy Scrap Nickel Chromium Molybdenum
1.CR.MO 0/.5 .8/1.8 1/ ed
3.CRLIMO 0/.3 2.5/3.5 «3/1.2
1 .NCM ¢5/1.2 «3/4¢9 ¢15/.35
2 JNCI 1.2/2.2 «5/1.7 2/
3,.NCM 2.3/3.5 e5/4+8 /a7
CP «5/1.0.  1,0/1.8 «3/¢5
Mixed Unspecified

The content of other elements such as Si, Mn, Cu, Sn,
in the scrap 1s: not usually known,
these values are stringent in the specification as is
case for certain steels, it is often necessary to use

grades of scrap with guaranteed specifications, which

Where the levels

(

-

Pz
——

)

etc.,,
of

the
special

are

usually expensive., The scrap classification code is des~

igned to cater more to the problems concerning scrap col-

lection; where due to space problems the segregation of

scrap from a wide variety of steels, has to be based on..

a limited number of scrap codes.,

Therefore,the scrap codes

tend to have a wider range for cach element, than the steel

qualities for which they cater,

The typical specifications

for some well known steels are indicated on the next page.



Acceptable %

Range for each element

Steel
Quality c Si Mn s P Ni Cr Mo v cu| 5n
35/40. CARBON (.35/.40|.15/.30{.7/.9 |0/.05 |0/.,04 |0/.3 0/.2 0/.1
CP .27/.3 |0/.3 .5/.7 |0/.02 |os/.015|.6/.8 |1.4/1.6|.35/.4
1 NCM .48/.53(0/.35 |.9/1.0|.02/.05|0/.04 |1.0/1.2{1.0/1.2|.5/.6 |.03/07
EN.24 .35/.45|.1/.35 |.4/.7 |.0/.02 |o/.02 |1.5/1.8|.9/1.1 |.2/.28
3 NCMV .34/.37|.15/.3 |.6/.7 |o/.012 |o/.012|3.0/3.2|.7/.8 |.33/.38|.04/.08|0/.2|0/.02




The scrap charge selected for the production of a given

steel quality should fulfil the following conditions.

i) It should provide melt-out values of all relevant
elements at levels which provide the feasibility of
convergence towards the bounds stipulated for the steel

quality being made.

ii) The scrap density of the charge should not result in an
excessive numbex of charges.,
iii) As far as possible the melt out values of cost sensitive

elements such as Nickel, Chromium and Molybdenum should
be near or within the specified bounds.

iv) For commercial reasons it is highly desirable to select
the qhegpest blend of scrap and virgin alloys which will
fulfil the steel quality requirements,

v) It should be possible to supply the requirements from the

scrap stocks,

Let us now consider how this list of requirements are accoun-

ted for by the scrap-mix planner in melting shops.

Fulfilling requiremsnts i, iii and iv

The‘spécified bounds for the control elements are considered
and by a recursive process of 'trial and error", a blend of
scrap is determined, which should provide a feasible '"melt-
out", based on anticipated yields of the elemenis as indi-

cated by the scrap code.

Fulfilling requirenments ii and v
Using the sclutions determined above and with reference to
the secrap inventory record, the scrap charge directive is

prepared, = During the assignment procedure attempts are made



to ensure satisfactery charce densities by judicious selec-
tion of heavy and light scrap. ~In cases where it is in-
feasible to meet the requirements of a particular blend due
to shortages or "run-out" situations in scrap stocks it will
be necessary to determine alternative solutions which are

feasible in terms of stock levels.

Although in principle a planner should try to fulfil require-

ment iv), he usually does not have the time to consider more

than a few alternative solutions. It is hence reasonable to...

assume that the solutions obtained by manual procedures as
described above, will in most cases be non-optimal in terms

of cost.

The development of systems which will assist in the search
for optimality in this decision making process and the exam-
ination of the problem areas associated with such decision

making, constitute the remit for this programme of reseaxrch.



2.

(ii) Literature Survey

A survey of published work indicates that the steel industry
has sponsored a number of research teams to examine the scope
for cost reduction in the field of raw material usage. The
common answer to this problem has been to develop a Linear
Programming model (L.P.) for the blending of furnace charges.
During 1959 HILTY, TAYLOR and GILLSSPII?0 reported the develop-
ment of an L.P. model in investigations of stainless steel
melting practice with reference to the use of FERRQ-CHROME
additives. This work was sponsored by UNION CARBIDE
CORPORATION, a major supplier of FERRO-CHROME. This was
followed in 1961 by the development of an L.P. model for
blending CUPOLA furnace charges at a General Motors foundry

by METZGER and SCHWARZBEK *] The first L.P. model for the
blending of electric furnace charges was developed by BBRNACCHI
and DUDLEY i, on behalf of the United States Steel Corporation
in 1964. Shortly afterwards GLOVEN, LONG and WEINHEIMER29* 47
had also implemented a Least Cost Mix system for the blending
of electric furnace charges at LUKBNS STEEL, USA. The charge
blending system was only a small segment of the computer
control structure that had been established at the LUKENS
melt-shop. In recent years a number of melt-shops in North
America have implemented L.P. systems for charge blending
using time sharing facilities at commercial computer bureaux.
Details of these developments are included in the author*s
re\r$e”of L.P. projects in North American Steelplants which

is included in the appendices.

In the U.K. both British Steel Corporation and the private
sector steel industry have been developing Least Cost Mix

systems. The British Steel contributions were reported by



the author32* 3&and HOLLOCKS21l. The private steel industry

contributions have been reported by HEMMING and PAYNE *8

Published information in this field has tended to concentrate
on the advantages of using L.P. models for furnace charge
blending. There is very little information on the numerous
limitations of such systems in practice. Although some
author 4G*1fi“eXa?cftlk>wledged briefly the limitations imposed on
blend planning by scrap uncertainty, they do not appear to
have made any serious attempt to analyse this important
problem area. In terms of originality the author’s thesis
provides a comprehensive analysis of the charge blending
problem, which includes considerations of the effects of
scrap uncertainty, methods of improving scrap segregation and

a sociological analysis of human resistance to change.



ChaEter 3

Development of an Efficient Material Allocation Systen

The Scope for Improvement

It was shown in the preceding chapter that the manual system
could not be expected to produce Least Cost blends for
furnace charges because of the large solution space and the
constraint on time available for blend evaluation. If the
decision rules involved iﬁ the blend calculation can be
incorporated into a model, which can be solved readily to
provide Least Cost Blends, then the scope for improvement

does exist and should be examined.

An efficient system for Least Cost furnace charge blending
should include facilities to appraise optimality in texms of
the following:

a) To provide a blend of raw materials which will "melt-out"
with the specified attributes at least cost, without
involving operational proﬁiems.

b) To ensure that the collective demands of a group of
casts are both feasible and optimal within the -’

inventory level for the relevant raw materials.,

The evolution of an improved system would involve the follow-

ing stages of development:

i) Representation of the basic features of the allocation
problem in a model.

Examination of the methods for manipulating the model

e
=2
S

to determine optimal solutions.
iii) Evaluation of the savings potential, from the use of
new methods, using historic situations for comparison.

iv) Appraisal of the limitations associated with the new



system based on experimental experience, leading to an
examination of the scope for overcoming the limitations.
Stages i) and ii) are outlined in this chapter, whilst iii)

and iv) are considered in subseguent chapters.

Development of a Charge Blending Model

The basic features of this problem are similar to optimum
blending in other industries, viz: blending of:- ores, diets,
petroleum. etc. The optimal blends in thesc cases have been
evaluated by Linear Programming, normally referred to as
L.P., Linear Programming is well known as an iterative
optimisation procedure and there are numerous publications

. . . 63 113 13y 155 39,5 46
devoted exclusively to this topic.

We now consider the formulation of the furnace charge alloca-

tion problem in terms of an L.FP. model,

Fets (The coefficient representing the yield of attributeti ,
fs T (from resource j (raw material)

(The resource variable representing the quantity of
e gresource j that is included in a particular solution.

(The desired level of attribute it in a particular
b, = (
(selution,

The unit cost of ecach resource j.

0
i

We will initially formulate the model for the single furnace
situation which will provide the basis for extending the
formulation to the multi-furnace situation.

Single furnace charge blending with n resources
n

Minimise Z = 2 c; X (1)
J=1

subject to:



BLEND ATTRIBUTES
n
2 a., .. X $ ®..).,for £t =1, ........ m
- by *J U’u

(u represents upper 1limit)

2 a. .x . £ &)?. foru =1, ...... . 3
L,

ﬁi represents lower 1limit)

where constraints 1, ... m and 1, ..m are sub sets

the complete set of constraints 1,

CHARGE DENSITY
tn

L X3j ~ btmax.,
j-ti

tn
2 X .. £> b tmin
= J "
b,

where b, and represent the acceptable limits of
itmax.

tmin.

low density raw materials in each furnace charge. The

resource set tt tn includes all low density raw

materials from the total set of n.

TOTAL WEIGHT EQUALITY¥*

n
2 xj_» bw , the total weight of the
F1

charge.

INVENTORY CONSTRAINTS XxjJ S bstock > fordJd ~ 17

* In severely constrained circumstances

feasibility may be more easily attained by

CL h-ciyiusiv\<*
replacing this constraint by two inequality

/

constraints.

of



The single furnace model thus formulated can be represented

schematically as shown below.

THE ORJECTIVE FUNCTION

| MELT
HEAVY SCRAP LIGHT SCRAP ALLOYS  REQUIREMENTS
| F .,
Ni
5
Cr THE ATTRIBUTES COEFFICIENTS H A
: o
jasy
, O
Mo
T /
DENSITY AWARENESS . | DENSITY
5 ? '§ ; | 2
TOTAL WBIGHT AVARENESS | | .| | 'z WEIGHT
T i 1] j ! 1 : PUESSEREINEEENEE .
?4
| &
INVENTORY AWARENESS ©
G A
" g
:
J "
.
=
H

i
|
| ]

1

The co1umns represent candidates for a particular blend whilst
the rows represent attributes and controls. The inclusion of
virgin alloys as candidates assists in reducing the occurence
of infeasibility at lower bounds of the chemical requirements.
Inventoxry awarenesshfor alloys will usually be redundant and

hence they are not included in the above representation. Ue



now consider extending the single furnace charge blending
model to the multi-furnace model, which will cenable optimis-

ation on a broader scale and reduce the chances of sube

optimisation,
Let, ¥ = (Column Vector representing resource variables for
v (
(cast i-

(Row vector representing the segment of the objece

i

(tive function for cast i.

BL = Requirements vector for castii.

A= (Matrix representing attributes, and controls foxr
(density and weight for cast i.

IL = (Identity matrix representing the controls for
(Inventory awareness |

B = Raw Material Inventory

The relation : represents the set of equalities and in-
equalities, whexe the relation can be converted to an equal-

ity by the introduction of slack variables for inequalities.

The multi-cast L.P., model is represented below:

B ® % v = » o n 8 s 6 00 C_‘ ;— ] [ ]
C, C, Cs; n | B.
N X, B,
AL X, B,
X B
3 3
AS
[ 7
. ° !
(-]
X B
: An " "
-_I1 Ia 13...000000.‘. IL L — BI
‘ ]

Mnivwise B

o



Obtaining Solutions from L.P., Models

Solutions to L.P. Models are usually obtained from Simple:x
algorithms. A number of alternative versions exist and are
largely based on the pioneering work done in this field by
G. B. Dantzig. It is reasonable to assume that most practi-
cal applications of Linear Programming rely on digital
computers for evaluating solutions. Computer software for
L.P, is usually based on the Two Phase Revised Simplex
algorithm, The original developnents on the computational
aspects of the Two Phase Revised Simplex were carried out by
G. B, Dantzig and W. Orchard-Hayg&. A brief outline of this
method follows: The initial phase is concerned with reduce
ing all artificial variables (arising from > constraints) to
zero, This is achieved by assigning a price of -1 to all
artificial variables x%,fero to all other variagles and
maximising a secondary objective function Z*=}£{ (-1) X,
where s = number of artificial variables. The maxinum value
of Z¥ is zero which is reached when all artificial variables
are zero. If max Z¥%0 then the artificial variables cannot
be reduced to zero and the problem is infeasible. During
phase two the actual objective function is optimised, com-
mencing from a basic feasible solution, any artificial var-

iables present being at zero level.

An outstanding feature of the Revised Simplex Method is that
during the transition from one basic feasible solution to
the next, the amount of tableau updating is kept to a
minimum, This is mainly because the following useful rela-
tionship is utilised: Given the associated elementary

matrices the inverse of the pth basis can be computed as



BL L BS, e .8 LB =B

where the clementary matrices E, are Identity matrices

except for one colurmn, and ¢ is the index which corresponds

to the index of the column in the preceding basis that is

being replaced. The inverse of the original basis Bo‘is an
-1

Identity Matrix, i.e. Bo =1 = Eo

The above outline is extremely brief and interested readers
are directed to publications by Orchard-Hay’s, G. Hadley and
S, I, Gasd'for detailed expositions. In using the computer
for industrial applications in Linear Programming there are

a number of considerations which demand attention, outlined

as follows.

i) Turnround Time: The time required for a computer to
calculate optimal solutions to an L.P, problem is
dependent on the problem size, matrix density, core
store availability and ancilliary file store media.

In addition to actual elapsed time on the computer there
is the time required to obtain the data for the run from
various sources to the data preparation centre and the
punching of this data for computer input. Operating

in this conventional off-line mode there will be an
expected turn-round time for an L,P, run, which may or
may not be compatible with the speed of response that

is required at the melt-shop for the receipt of charge~
blending information., Where the speed of response from
off-line operations is not satisfactory, the justifica-
tion for on-line access using remote terminals should
be considered.

ii) Assessment of the number of casts that should be conside-



ered jointly in a Multi Cast Model: Ideally, the chances -
of sub-optimisation can be avoided by using a Multi |
Cast Model ﬁhich considers all casts to be made, over

a long time périod. But such an ideal faces a number

of practical limitations which are outlined below:

The computing time becomes prohibitive and impractical
within industrial computer centres if more than about
15 casts are included in the L.P, model, The useful-
ness of solutions from large models is further limited
by frequent changes of the cast schedule and replenishe
ments to the resource inventory which could introduce
the scope for more optimal blends than previously
obtained. Furthermore,it is likely that after the
nelting of the initial casfs in a solution set, new
information on the prevailing yield levels from parti-
cular scrap types, may become known, The availability
of up to date information on replenished inventcory levels
and current attribute yields could necéssitate - -

a mew. - L,P, run, deleting the casts already made.

If this situation is recurrent, then we are seldom
utilising the many solutions to each cast that we are
continually generating at great expense owing to the
large model size. It would be sensible to select a
model which only considers as many casts that are likely
to be unaffected by the above considerations. In
practice the associated time scalec will usually be
between one shift of 8 hours and a 24 hour day, depende-
ing on.the standard cycle times for particular melt-

shop furnaces, operating on given steel dualities.



iii) The use of Solution Libraries

This system could be regarded as an alternative to the
method of obtaining fresh solutions at cach planning
stage for a given set of casts. The case for consider-
ing the solutions library would be strong provided it
can be shown that the Inventory consiraints are redun-
dant most of the time due to the relative abundance of
the resources that are required. The Library of Solu-
tions would consist of blends that have been evaluated
from single cast models, When the blends for a given
set of casts are required they are obtained by consul=~
tation from the standard optimal blends in the library
file and a feasibility test for aggregate resource
demands against available stocks is carried out, If
feasible then it is equivalent to solutions that would
be obtained from a multi-cast model, If there is in-
feasibility it is reasonable to consider either of the
following second stage operations.

a) To initiate a multi-cast L.P., run to examnine the
scope for feasible optimality at the current stock
levels,

b) To identify the particular solution or solutions from
the library set which cause the infeasibility and
determine alternative solutions to just those casts

which are feasible. These solutions can be added

to the library file for use in similar situations in
future,
The advantage of this Library system is that it minimises

the number of computer runs for generating L.P. solutions



with consequent cest savings and reduction in response
time for obtaining solutions.

Mode of Operations and Communications Intexface

The software that is normally available for L.P., requires
that data be presented in a strict format with numerous
control parameters which organise input, moniter and
direct the L.’ run and print results in standard
formats., This structurce is suited more to the nceds of
trained uscers rather than production staff whose knowe-
ledge in such fields is limited. .It is hence necessary
and desirable to design software systems which will
assist in producing a satisfactory interface between the
central L.P, and the simplified input/output for the

o
r &

production staff. The input segment would consist o
matrix generator which will produce the necessary input
from brief and essential information provided by the

melt shop staff, In its gencration process the matris
generator will have provisions 1o considexr a number of
relevant rules in formulating the L.P. nodel. Similarly
the output segment will translate the L.P. solutions into
a lucid form for use by melt shop staff at various levels,
The structure of the Matrix Generator and Reporti Writer

are detailed in the following section.

The Matrix Generator

The matrix generator consists of the following routines:

a) Validation of input data and merging with standard
information from backing store to amplify the coded
input data.

b) Candidate Selection,

c) Attribute LEstimation.



Routine a

This routine carries out checks to test for errors that
may have been introduced at some stage of data input.
preparation. Using the codes for steel quality and othex.
markers for special restrictions, the routine amplifies
the details of the steel specification and aim points

for each element from a file in backing store. The
backing store information would also provide the inform=-
ation required for the operation of the routines b and c.

Routine b « Candidate Selection

The aim of this routine is to prevent the inclusion of
certain types of scrap in blends for the production of
particular steel qualities, The eligibility of each
scrap t&pe for blends to produce particular steel
qualities are usually stipulated by the management,
based on their experience of '“"material credibility" and
the associated yield variance of control elements., For
purposes of illustration a small sample of the reasons
for candidate selection are outlined as follows:

i) Some steel qualities have stringent requirements
on the permissible maximum of 'residual' or 'tramp'
elements such as Copper, Tin, Arsenic, etc. The
standard scrap classification code does not acknow-
ledge the levels of these elements. As such the
vield of these elements from samples within the
standard code will tend to be unpredictable., How-
ever there could exist within the standard code
scrap stocks, some sub-sets of consignments which
have identified levels of residual elements. This

situation requires that where residwal element



levels are a significant consideration, eligibility
of scrap should be restricted to the identified sub-.
sets.,

ii) Some scrap types have}a wider range of element
yields and should therefore be either excluded oxr
have a usage limit imposed, to reduce the chances
of violating specified bounds.

iii) In certain melt shops the layout of the scrap
bunkers, the railway supply lines to the shop and
disposition of overhead cranes, are relevant con-
siderations in terms of feasibility for executing
particular solutions from the total scrap inventory.
The candidate selection routine will incorporate

such limitations.

It is important that the L.P. system should incorporate
rules to deal with the numerous practical problems which
the manual planning system deals with in the same situa~

tion.

The candidate selection routine can be operated using a
library reference for each steel quality which defines
the approved scrap eligibility in relation to the  full

range of resources that could be selected.

Routine ¢ - Attribute Estimation

Each E%j in the L.P. model represents the exact yield of
attribute ¢+ from resource j. However, resource j could

have a range of yields for attributeii, due to the "range"
structure in steel specifications and the scrap code, as

well as poor scrap segregation., All planning is based



on the "'expected" yield of various attributes from a
particular raw material, With a knowledge of the
"expected" yield and the variance, it is possible to

assign a value for a,. which is biased to give a greater

J
chance of either positive or negative errors at "melt-
out", The desired bias will usually be stipulated by
managenent within the framework of their operating
strategy for each steel quality and particular melt shop
configurations. It is not uncommon for the expected
value and the variance fox element yield to drift at
random intervals., It is desirable that such trends axe
identified and appropriate updating of the reference
matrix should be carried out to ensure that the model

adapts to changes in the real systemn.

The Report Writer

The purpose of the report writer is to express the sol-
utions from the L.P, run in a readily understood and
sensible form for direct use by melt shop staff, In

some ways its role is simii&r to a translator, in that it

reads the brief solutions from the L.P. package and

expands the description of the variable names. Some of
the major functions of the report writer are outlined
below.

i) Variable Names « These are usually required to be
less than 8 characters in length in most L.P, packages.
Such a brief identification does not permit adequate
description of most scrap resources and hence the
report writer extends the description using a refer-

ence file.



i

i

)} Numerical Quantities - The L.P. solution for a part-

icular furnace charge could consist of a number of
raw materials, The matrisx generator should examine
if the quantities involved are “significant" and

carry out minor rounding off with monitoring of the

I
0

effects of such corrections, This procedure
vulnerable to criticism from some schools of thought,
on the grounds that Integer prograrming is the
correct procedure, Whilst their arguments are cert-
ainly valid, it should be noted that on large prob-
lems, Integer programming extensions tend to demand
a prohibitive anmnount of computing time, hence the
justification for a well designed report writer
routine to assist in this particular aspect of using

the solutions from the L.P. package,



Experimental Studies

The experimental studies were carried out in two stages. The
first stage consisted of an evaluation of potential savings
from the use of a Least Cost Mix system for furnace charge
blending, based on the historic records of a sample of casts.
The results of this evaluation were submitted to the melt
shop management which stimulated discussions on the merits
and possible limitations of Least Cost Mix Systems. It was
agreed that historic comparisons fail to account for wvarious
practical problems which may have been in force during the
actual execution of the sample casts. In view of this it
was decided to carry out the second stage of the experimental

studies which consisted of plant trials on live casts.

Stage I

Experimental Procedure The aim of this study was to obtain
an assessment of the scope for cost savings from the use of
a Least Cost Mix system for the blending of furnace charges.
The historic records of all alloy steel casts melted in one
week (14th to 21st December, 1969) and the inventory records
for raw materials in stock during that week were retrieved.
The Least Cost Blends of scrap and alloys for each of these
casts which wore feasible within inventory constraints were
evaluated using a 5 cast L.P, model* It ;*a decided that to
ensure a realistic basis for comparison of costs, the L.P.
costs should be corrected to include an estimated "extra-cost"
due to fluctuating yields of scrap attributes. The "extra-
costM so incurred can be estimated either from a simulation
model of steel "melt-out* or from an analytical model of
attribute behaviour. The formulation of each of these models

follows.



The Simulation Model for estimating "Extra Cost”

The simulation consists of reading each L.P* solution and
generating a pseudo-random sample of attribute yields for
each raw material in the blend. The extra cost during each
simulated cast is obtained by calculating the cost of virgin
alloys necessary to bridge the gap (if one exists) between
the simulated melt-out value of a particular element and the
specified lotver bound for that element. A MACRO-LEVEL flow
diagram of the Simulation program which was written in FORTRAN
is shown on the following page. The estimate of the expected
extra cost during execution of a particular Least Cost blend
is the average value from all the simulated melt-outs of the
blend. A specimen copy of the print-out from this program

is presented in the appendices (113).



"SIMULATION MODEL: TO ESTIMATE EXTRA COSTS DUE
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Analytical Model for the evaluation of "extra-cost"
Consider a particular solution from the Least Cost Mix
evaluation. This solution would be a blend of n constituents,

which can be represented by x*, j =1, ..... n.

The attributes i in each resource j are represented by
Suppose standard deviations of ' the attributes are estimated

to be crand are assumed to be independent of the constituent

size x*.

The mean yield of each n
attribute i from the 2 a, . x Wrer -1
Least Cost Blend . 1
j*1
The estimated standard n
deviation of yields
for each attribute i 2 xDa aij,a
from above blend j ® 1
n
2 xj2
J * 1

Let the probability density function defining the attribute
variations be f(y)* The blend is required to provide a
"melt-out" with attribute i within the lower bound bL and
upper bound bu* We consider the cases where this requirement
is not satisfied by the blend, i.e. all melts with < bj,
where corrective additions from virgin sources are required.
The cost of such additions is linearly proportional to the
magnitude of the correction for stable elements. In the
distribution shown below the shaded area represents the
probability of incurring extra cost for additions. The
values bL and b” represent the stipulated lover and upper
bounds for i, whilst b*. represents the cut-off at the

absolute minimum yield. Let Cv be the unit cost of providing



virgin alloys for corrections between bm.n and b*

mm
b.
Then Expected Extra Cost
for virgin alloys, B
min . /A2
1
For a normal distribution; f(y) = — B . e
/ST
y - H
(o] r \ a
e oL, ht~"'mm | O -y) . e > A *x dy
* oJTS % u
mm

(1)

Expression (i) can be computed either by numerical integration

methods or5if reduced to the standardised Normal fora $£f0, 1),

by reference to published tables of the standardised Normal

distribution.

Standardising expression (i) to the Normal N(0, 1) form as

follows:
1 -it2
The standardised Normal p.d.f.; <Mt) » e . e
/Tii
v — ~
where t = —
x
b - M
Replacing limits of integration b with Z, where Z = - - 9
at + M a
and y with (<€ + *).
C, ZL A _4t 2
£ ~ | (bT - ® e . dt
1 A
m m
Let $(Z) be the normal distribution function, 2
i.e. « (2) a J (t) . dt

1 IWNCv * c e *ZL

min continued



Thus, LI

E ~ a « C _ = {

- * <WJ

Using expression (ii), E1 can be computed using tables of the

standard Normal distribution function and density function.

(ii)



Experimental Results from Stage I

The findings from this study are summarised below. The break-
dovmn of costs used in the comparisons between manual blends

and L.P. blends -is: presented on the next page.

Casts from Week Ending: 20th December, 1969

Number of Casts: 26

Type of Steels : Alloy

Furnaces Concerned: F, J, K and X, of RIVER DON WORKS,

British Steel Corporation
e . Average
Misxture Cost Total per Ton
£ >

Manual Blends: 23,995,16 19.93

Least Cost Blends: 17,0675.85 14,08

Estimated"Extra Cost"

for Least Cost Blends: 1,425,40 1.18

Potential for Cost

Reduction: 4,803,901 4,07

Total Production Volume = 1,2C4 Tons

% Cost Reduction Potential on Manual Blends = 20%



TABULATED SILSMARY * PHASE I EXPERIMENTAL STUDY

POTENTIAL
FXCE  STEEL WEIGHT | NCORRED COST OF ZSTIMATED cost

o o e cosT oF . $OST OF  EXTRA COST  REDUCTION
o* +Q MANUAL BLEND % ON L.P. BLEND GAIN {+)
LOSS (-)

£ £ £ £

FI  3NCMV 12.66 491.67 347.22 23.14 121.31
J1  cr Mo 36 +88 398.36 417.19 8.94 - 27.77
K1  CP 35.45 545. 60 420.77 44.22 80. 61
XI  CP 95.45 1,663.90 1,132.93 119.09 416.88
X2  3A8620  102.26 1,397.47 1,185.27 102.54 109.66
F2  3NCM 13.85 479.72 273.85 24,42 176.45
F3  EN34 13.00 235.84 264.75 15.57 -44.48
J4  EN4OA 34.77 864 .64 436.95 26.84 400.85
K3  EN24 27.11 578.86 391.73 33.67 153.46
K4 cCpP 35.40 644.65 420.18 44.19 180.28
J5 EN19C 33.33 519.56 372.10 11.13 136.33
K5  3NCMV 32.73 1,062.56 741.56 59.81 261.19
K6  3NCMV 35%34 1,117.48 800.57 64.62 252.29
X6  SA8822  102.40 1,839.47 1,270.17 108.73 460.57
X7  SA8822  102.66 1,582.22 1,271.66 109.33 201,23
F10 1NCMV 11.70 247.73 167.45 17.67 62.61
J6  1NCMV 34.08 705.16 494.98 53.69 156.49
K7  3NCMV 32.55 1,060.23 737.47 59.48 263.28
X8  SA8822  102.15 1,636 *64 1,290.05 104.80 241.79
X9  EN24 77.18 2,028.20 1,212.18 108. 60 707.42
FIX 3NCM 14.21 439.76 286,03 25.08 128. 65
F12 EN34 11.79 322.02 240.16 14.12 67.74
37 EN27 32.88 1,140.17 861.81 60.09 218.27
g8 cp 36.01 582.10 514.60 40.15 27.35
JIO EN24 33.36 762,71 503.38 39.24 220.09
X15 EN353  104.28 1,643.44 1,615.84 106.24 - 78.64
TOTAL 1,204  23,995.16  17,675.35  1,425040 4,893.91

COSTS/TGN £19.93/TON £14.68/TON £1,18/TON  £4.07/TON

(GAIN)



Discussion on the Results of Stage I

The results obtained were submitted to the melt shop manage-

ment,

with explanations of the methods used in producing the

cost comparisons. Whilst they accepted in principle the

scope for savings from L.P. systems, it was suggested that

the level of savings shown by the experimental study was

unrealistic for the following reasons.

i)

ii)

iij)

iv)

The bounds used for each element in the L.P. runs were
the limits from the steel specification. This practice
would be unacceptable because of the dangers of violat-
ing upper bound constraints. The bounds that are
normally used are below the steel specification limits,
the margin between the two, provides a safety buffer
against upper bound violations,

Whilst the cost comparisons did include considerations
of "extra-costft due to yield fluctuations from scrap,
it was suggested that the variations in practice are
greater due to poor scrap segregation from sources of
supply.

The study?although accounting for inventory levels of
raw materials, could not possibly acknowledge tho
numerous practical constraints that are imposed on the
handling of raw materials within the shop at various
times during a week,

The model does not take into account the loss of some
chromium during melt down which occurs because it is
only partially stable. It is acknowledged, however,
that this does not seriously affect the cost figures
because chrome is comparitively cheap in relation to

the other elements, Nickel and Molybdenum.



Some of the weaknesses outlined on the previous page, were
corrected in the model and the effect examined from a sample
of 9 live casts. The results from this study indicated a
potential for cost reduction of 9%, which is considerably
less than the 30% cost reduction shown in the previous study.
The tabulated results from this study follow.

Comparison of Costs - Manual and L.P, furnace charges using

the updated L.P. model

9 Casts from week-ending 7.2.70

Furnace Steel Manual Corrected Potential C?St
Casta;:hber Quality Blend giﬁhd Savings ggz:
£ £ £

Jl 1% Cr.Mo 446.16 438.79 + 7.37 35

J5 Mn .Cr .Mo 476.12 431.80 + 44.32 37

Je6 1% Cr.Mo 353.95 431.79 - 77.84 31

K3 C.Cr.Mo 458.52 410.89 + 47.63 30

X7 EN353 1,951,15 1,646,80 +304.35 100

X8 BN36B 3.359.25 3,566.65 -207.40 100

o o SAE8822H  1.697.25 1,261.25 +436.00 100

X13 EN351 1,716.72 1,338,95 +377.77 100

TOTAL 10,459.12. 9,526.92 932.2 533
Observations

i) The savings potential of £932.2, representing a 9%
cost reduction was obtained from the L.P, model which
was updated for Chrome yields and the aim point criteria,
ii) Some of the potential savings are shown to be negative
because the "actual furnace charges” obtained the

benefit of positive errors in the yield of Nickel and

Molybdenum from scrap charged.



[
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These resulis were discussed with the melt shop manage-
ment which led to plant trials on 22 casts the findings

from which follow,



SJy*e”jyE. “porlnental.S.tudies - Plant Trials

During the three week period from 6th to 27th September, 1970
the furnace charges for 24 casts were allocated using Linear
Drogramaaing. The procedure used was to carry out an L*P*
run at the start of each week using data supplied by the
melt-shop planner. The data consisted of the specifications,
and quantities for a set of planned casts, as well as the
scrap allocation for these casts based on the prevailing
inventory of bunkered stocks. It was necessary to carry out
the L#P. run during the preceding week-end because the
computer at the works was fully committed to commercial
duties during the working week. Operating in this mode,
meant that there were no options to take advantage of fresh

information which becomes available during the working week.

The summary of costs incurred are tabulated on the following
pages. The tabulated results are followed by a discussion of

the findings from this study.



- MINTURE COSTS INCURRED BY L.P. BLENDS

MIXTURE COST

o-| sTEEL CAST WEIGHT | (SCRAP + ALLOYS)
E | qUALITY | NUMBER TONS
. . TOTAL & £/TON
C.Cr.Mo | 5J 4580 34.29 625.67 | 18.25
" SJ 4502 | 20.07 504.42 | 17.35
. " SJ 45903 35,82 593.75 | 16.58
4 " VJ 4604 34,08 641,12 | 18,81
Cr.Mo FH 6908 12,56 191.28 | 15.23
cr FJ 4583 26.02 542.20 | 20.84
" FK 4015 26.06 545.63 | 20.94
L .NCM FH 6910 13.05 254,23 | 19.48 .
s n VJ 4589 34,25 663.83 | 19.38
: " FK 4030 | 30.50 . 507.20 | 16.63
" VJ 4602 32.61 715.08 | 21.93
" VJ 4579 32,52 637.87 | 10.61
1 NCMV | VX 3517 03,13 2,333,01 | 25.32
2 NeMv | VK 4011 32.55 082.26 | 30.18
o | BN 25 VK 4012 30.31 1,128.36 | 37.22
" VK 4014 35,45 1,257.17 | 35.46
" VK 4021 32.78 1,501.56 | 45,81
" VK 4020 30.33 1,249.00 | 41.18
3 NCMV | FK 4013 | 33.97 1,665.06 | 49,02
5 " FK 4019 34,38 1,800.64 | 52.37
" FK 4028 33.81 1,436.39 | 42.48
" VK 4022 35,32 2,250.43 | 63.97
5 | HYKRO VJ 4600 32.37 809.16 | 24.99
" VJ 4601 34,81 032.69 | 26.79
TOTAL 800.04 |23,847,01




COMPARISON OF MINTURE COSTS

L.P. BLENDS - MANUAL BLENDS
MIXTURE COST (SCRAP + ALLOYS)
s o " )
| casT WEIGHT - AVERAGE MANUAL
© | NUMBER < |- TONS L.P. BLEND BLEND
TOTAL £ £/TON | &/TON TOTAL £
SJ 4580 34.29 625.67 { 18.25| 18.00 617.22
SJ 4592 29.07 504,42 | 17.35| 18.00 523.26
A | 8J 4593 35.82 593.75| 16.58| 18.00 - 644,76
VJ 4604 34,08 641.12 | 18.81| 18.00 613,44
FH 6908-| 12,56 191.28 | 15.23| 17.10 - 214.78
SUB-TOTAL 145,82 2,556.24 2,613.46
FJ 4583 26.02 542,20 | 20,84| 23,40 608.87
FK 4015 26.06 545,63 | 20.94| 23,40 609.80
FH 6910 13.05 254,23 | 19.48| 20.47 267.13
g | VJ 4589 34,25 663.83 | 19,38| 20.47 701.10
FK 4030 30.50 507.20 | 16.63| 20.47 624,34
VJ 4602 32.61 715.08 | 21,93| 20.47 667.53
VJ 4579 32,52 637.87 | 19.61| 20.47 665,68
VX 3517 93,13 2,333,01 | 25.,32| 24,30 2,358,05
SUB-TCTAL 288.14 6,199.05 6,502.50
VK 4011 32.55 982.26 | 30.18| 324,42 1,120,37
VK 4012 30.31 1,128,36 | 37.22| 37.80 1,145.72
C | VK 4014 35.45 1,257.17 | 35.46| 37.80 1,340.01
VK 4021 32,78 1,501.56 | 45.,81| 37.80 1,239.08
VK 4029 30.33 1,249.00 | 41,18| 37.80 1,146.47
SUB-TOTAL 161.42 6,118.35 | 5,991.05
FK 4013 33.97 1,665.06 | 49.02| 41.17 1,398.55
p | FK 4019 | 34,38 1,800,64 | 52,37 | 41.17 1,415,.42
Fii 4028 33.81 1,436,39 | 42,48 41.17 1,391.96
VK 4022 35.32 2,259.43 | 63.97| 51.68 1,825.34
SUB~TOTAL 137.48 7,161.52 6,031.27
g | Vg 4600 | 32,37 809.16 | 24,99 25.65 830.29
VJ 4601 34.81 932.69 | 26.79| 25.65 892.88
‘SUB-TOTAL 67.18 | 1,741.85 | 1,723.17
TOTAL 800,04 |23,847.01 22,862.05




EXTRA COSTS INCURRED DUS XO ATTRIBUTE UNCERTAINTY

% ERROR INCURRED”= (Actual $% Melt-out - Expected % Melt-out).
v W\-e % -eUv¥-evd 1

EXTRA COST = (NEGATIVE ERROR INCURRED) x COST OF VIRGIN ADDITIONS

CAST 5 ERROR Iggu_gmt TOTAL
SET NUMBER EXTRA-COST
Ni Cr Mo £
SJ 4580 0 .10 m .01 14.06
SJ 4592 0 + .03 m .05 15.99
A SJ 4593 0 - .10 - .06 34.39
VJ 46v 4 0 - 29 m 06 52.14
FH 6908 0 + .40 - .02 2.76
119.34 SUB.TOTAL
FJ 4583 - .16 + .17 + .11 45.80
FK 4015 + .13 .42 + .11 0
FH 6910 0 + .16 - .02 2.87
b VJ 4589 - .20 - .06 + .01 81.52
FK 4030 + .08 + .27 + .04 0
VJ 4602 .20 - .15 m .03 97.18
VJ 4579 - .20 .18 0 89.10
VX 3517 m .14 - .26 — .15 369.73
686.20 SUB-TOTAL
VK 4011 + .05 + .03 .02 7.16
VK 4012 - .63 + .20 - .03 220.05
c VK 4014 0 + .41 + .02 0
VK 4021 m .80 .01 - .12 331.73
VK 4029 _ .75 . .32 _ .07 273.58
832.52 SUB-TOTAL
FK 4013 .63 + .09 .08 265.31
° FK 4019 - .55 0 o177 272.29
’ FK 4028 0 + .40 - .07 26.03
VK 4022 0 1.27 - .19 ~ .16 575.72
1,139.35 SUB-TO TAL
E VJ 4600 0 .67 m .04 79.31
VJ 4601 0 - .83 - .16 147.94
227.25 SUB-TOTAL

£3,004.66 TOTAL



SET

SUMMARISED MIXTURE COST COMPARISON

COST IN £
STEEL WEIGHT
QUALITY TONS L.P. MANUAL GAIN <+)
BLENDS BLENDS LOSS (-)
Cr.Mo 145.82 2,556.24 2,613.46 + 57.22
L.NCM 288.14 6,199.05 6,502¢50 + 303.45
2 NCM 161.42 6,188.35 5,991.65 - 196,70
3 NCM 137.48 7,161.52 6,031.27 - 3~.30.25
HYKRO 67.18 1,741.85 1,723.17 - 18.68
TOTAL 800.04  23,847.01 22,862.05 - 984.96
LOSS OF £1.23/TON
TOTAL EXTRA-COST SUFFERED
SET £
A 119.34
B 686.20
C 832.52
D 1,139.35
E 227.25
3,004.66
EXTRA COST INCURRED ) . /TON

BY ATTRIBUTE UNCERTAINTY) *

UK



Discussion on the Results of Stage II

The results obtained from these plant trials suggest that

the L.P. blends have incurred a higher cost than the average
cost of manual blends. This does not however mean that charge
blending by the L.P. method is less efficient than the

manual method. To appreciate the basis of this claim consider

the following observations on the results obtained.

The sets of casts A and B have produced some cost reduction
whilst sets C and D have suffered substantial losses. The
losses were induced, firstly because during the experimental
period.no supplies were available of a highly desirable
resource - 3 NCM scrap, and secondly because the casts within
sets C and D suffered exceptionally high negative errors in

the yields of Nickel from scrap.

The effect of the inventory constraint for 3 NCM scrap being
at Zero, is that the blends in sets C and D have to be made

up with 2 NCM with a 1% difference in Nickel Yield, which has
to be met from expensive virgin additions. If in addition

to this, the yields of Nickel from 2 NCM suffer large negative
errors, then the total mixture cost can be expected to be

high in relation to blends which have not suffered such

severe constraints. The effects of negative errors on these
results have been measured by computing the "Extra Costs
Suffered". The Extra Costs during these trials have been of
the order of £3.76/TON (Comparable value during stage I
studies being £1.18/TON). Since the level of extra costs
suffered is independent of the methods used for blend planning,
its effect can be misleading within the context of comparison,

between alternative raethodw of blend planning using small



sample sizes. Above all else, this study provided an indica-
tion to the steelplant management that scrap segregation has
been extremely poor and it was recommended that scrap segrega-
tion and control within the company should be investigated

to examine the scope for improvements. This recommendation
was authorised by the General Manager of the company and led
to the development of improved systems for scrap identifica-
tion and segregation. The author’s contribution in this
project is outlined in a British Steel Corporation report a

copy of which is included in the appendices (II).

The experimental studies have thus led to an examination of
the problems in associated areas within the broader frame-
work of the company, with reference to scrap circulation and
control. The results of this study are outlined in the
chapter - "Analysis of Scrap Circulation in Steelplants"

(chapter 7).



Chapter 5

A Review of benefits and limitations associated with Least

Cost Mix Systems

The use of a Least Cost Mix System for special steel produc-

tion offers a number of benefits., However the systenm

is far

from being perfect and suffers from a number of limitations.

The benefits and limitations are listedbelow followed by

discussions.

The Benefits

i) Mixture Cost optimisation.

ii) Ability to generate alternative blends.

iii) Options for the control of stocks.

iv) Guidance on Purchasing policies,

v) Appreciation of penalty costs from constraints.

vi) Accuracy of Blend Evaluation,

The Limitations

a) The effects of randomness in eclement yields from
b) Effects of '"Pick-Up" from Furnace Linings.

c) Problems arising from Residual Elements.

d) "Integer programming' problems.

e) Infeasibility.

£) The "Mixed Scrap' problem,

scrap.

a) L.P, software problems with respect to computer confige

uration.

h) The anomalies of resource costs within the objective

function,

Discussion of Benefits

i) Mixture Cost Optimisation

The blends obtained from a Least Cost Mix systen

6]
Mo

evaluated using an objective function minimising

Tor particular levels of resource availability,

are
costs

The usecr
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¢hus has the assurance that in planning blends, mixture
cost is always being optimised, based on information
available at the time. 7The same assurance cannot be
given with respect to the manual system because the
human planner does not have the time to evaluate several
alternative blends in sceeking the optimal blend, In
any case the planner cannot cope with problems of multi-

cast blend evaluations by manual calculations.

Rapid generation of Alﬁernative Blends

The need for the evaluation of alternative blends to
the ones planned can arise from ény of the following
events: Changes in the production schedule, short term
restrictions on the supply routes to some furnaces,
detected trends in the yield of elements from some
scrap consignments, changes in the stock levels of
scarce resources, etc. The Least Cost Mix system can
rapidly generate new solutions that are optimal under the
revised condifions and can be regarded as being inval-
uablelfor its contributions in this role. The spred

of iesponse and turnround from the computer will depend
on the access queue and the L.P. run time, Least Cost
Mix systenms operating via on-line terminals are more

k3

suited to provide an adequate service in this role.

»

ptions foir the control of sfocks

The Inventory constraints of the L., model allow the
user to restrict or force the usage of particular
resources, The user may wish to restrict the usage
levels of some resources because they are scarce,with

infrequent supply. Conversely,some resources reach

stocking limits and the user can force the usage of such
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resources to assist in physical problems of stocking.

The use of a computer based Least Cost Mix system makes
it easier to update ihventory records for scrap and alloys
on the computer file, Whilst it is true that such a
systen could be implemented separately without the

existence of a Least Cost Iiix system, it is reasonable

t0 suggest a steelplant using computerised charge blend-

ing will be more motivated to consider the use of an on-
line inventory updating systemn.

Guidance on Purchasing policies

The interpretation of the Dual Solution (which is availe-
able from each L.P., run) with reference to the stock
constraint rows provides a useful measure of the current
worth'' of each resource and indicates the potential for
cost reduction by further acquisitions of particular
resources, The Dual solution is expressed in sensitivity
units in relation to the current solution, i.,e. the cost
effect per unit change in constraint level. This inform-
ation provides valuable feedback to the purchasing
functionbin negotiating with suppliers for deliveries of
scarce resources, |

In addition to the above it is possible to formulate a
separate L.P, model which considers long tern poliéies
for supply and demand of resources based on forecasts

of production plans and market conditions.

Appreciation of penalty costs from Constraints

The interpretation of the Dual solution in relation to
attribute constraints, provides an indication of cost

sensitivity for changes in the level of constraints. We



illustrate the usefulness of this information as follows:
Supposing a customer requires steel with Molybdenun
specification 0,107 max, The L,P. model would include
the constraint,

n

.z, 205 ¥ § 10 , for ¢ = Molybdenun
J= ‘

where B, x; =100 , and a;j =% yield of i f£romJ (resource)
Supposing the dual solution for the Molybdemm constraint

is 8, then & is the cost reduction that would result

from a unit increase in the level of the constraint

which in this case is (0,20—>0,11)%. When 0O is

sufficiently large the user can consider liaison with

the customer for a relavation of the constraint.

The Dual solution also indicates the penalties. if any,
of forcing the usage of certain resources which may

have been introduced to prevent stock congestion. The
usefulness of this facility was demonstrated to the melt-
shop management in relation to the forced usage of

"Mixed Scrap!" in all Ni-Cr-Mo heats. "Mixed Scrap! as

a scrap code is designed to accept unusual steel guale-
ities which are not acceptable within the other author-
ised scrap codes. However processing departments often
ignore the authorised interpretation for '"Mixed Scrap'
and use the following interpretation -("Mixed Scrap" is
the code which will accept all steel qualities, and hence
will allow us to have simple arrangements for scrap cole-
1ection and disposali As a result of this unauthorised
interpretation the processing departments despatch an
unjustified amount of 'hixed Scrap" to the melt shop

with consequent problems of physical stocking. 7o



alleviate such problems the melt shop is reluctantly
forced into using a policy of compelling the use of
"Mixed Scraop" on all feasible heats which happen to be
the Ni-Cr-Mo group. The Dual solution interpretation

of the "Mixed-Scrap'" forcing constraint provided manage-
ment with a quantified measure of the penalty suffered
from the usage policy, which initiated a review of the
problem, leading to improved alternative pclicies.

Some further anomalies associated with "mixed scrap' are
discussed under limitations.

vi) Accuracy of Blend Evaluation

The blends obtained from a computer based system can

be expected to be more reliable in terms of accuracy of
evaluation, than the manual system. It is accepted

that in most cases minor errors of evaluation do not
have any significant effect on the "melt-out" owing to
the permitted truncation during the weighing of furnace
charges. However it is well known that accurate calcul-
ation of virgin alloy additives can contribute to cost
reductions by avoiding "wasted" additions arising from
approximate manual calculations.

Discussion of Limitations

a) The effects of randomness in element yields from scrap

In an L.P, model, the ay; values are constant coefficients
representing the contribution of atiribute ¢ from resource
js The &y ; in the Least Cost liix model represent the
expected yield of eleméﬁt i from scrap type j. In theory
the yield of stable clements from well segregated scrap
will be constant. But in practice steel scrap is not

segregated properly which introduces randonmness into the
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actual yields from scrap. At "melt-out" if the error is
negative,extra cost is incurred for the provision of
virgin alloy additives and if the error is positive it
could violate upper limits which cannot be corrected and

usually introduces a production crisis,

The designer of a Least Cost Mix system has to accept this
problem and attempt to reduce the adverse effects by a
suitable combination of a, estimation and safety margins
on the requirements limit- bL., If the ;5 estimates are
biased towards the upper limits then the chances of upper
bound violations will be lower whilst that of lower bound
violations will be higher. In a similar way the bounds
used for the L.P. run could include a safety margin,
providing the magnitude of the safety margin does not

introduce infeasibility.

Let us examine the case for using a probabilistic model
which accounts for the randomness of scrap yield, Suppos-

ing the probability distribution for a  randomness is

normal and defined as ~<: g>
£(y) =
an—f'r

or in the standardised form ¢(t) = 1 . ¢

-

2

. . 2T
The attribute requirements for each i can be expressed as
follows:
. a, . XX, - j= }f 2 2
n i
.B a, . x| + Y |2 ¥ o <
j=1 i .J uls= 5 iy By

where - ¥ .is the normal deviate corresponding to the require-

(M

[ME)

ed probability H, that the lower bound is not violated

T. _t?
:1_Fﬂf e /2 at
2

- 0



Similaxly Y% is the normal deviate corresponding to the
required probability gl that the upper bound is not

violated., ©
-t/
P =1-_%1 3 at.

R

This type of formulation has been used by Van der Panne and
Popp for minimum cost cattle feed under probabilistic
protein constraints (Management Science, April, '63, pp 405
~430)., Their probabilistic requirement was limited to

just the single protein constraint which was of type "s".
The method of solution used for the formulation was
ZOUTENDIJKgomethod of feasible directions, No attempt has
been made within the authors rescarch programme to use the
non-lincar formuldtion for furnace charge blending, mainly
because the deﬁelopment of suitable computer software
would not have been possible within the limited fime
period for this researcﬁ. The run time for non-linecar
optimisation would in any case appear to be prohibitive
for multi-furnace charge blending models. A further
limitation arises from the assumption that % ; is independ-
ent of xj, the quantify used., It is suggested that this
assumption will not be valid in most instances when applied
to scrap because supplies of scrap arc not homogeneous.

As a result %d'will tend to be a function of the “lot
size" used in the evaluation procedure, Until these lini-
tations can be dealt with adequately, it would appear that
the case for considering non~lineaxr formulations of the

type considered, for multi-furnace charge blending, should

be deferred.

In examining the solutions to deal with akj uncertainty we



b)

find ourselves attempting to "cope” with the effects. If
we examine the physical causes which produce the effects,
then we may discover means of reducing the effects to
acceptable levels. This philosophy has been adopted with
success, as outlined in the chapter - "Analysis of Scrap
Circulation in Steelplants" (Chapter 7).

The effects of "Pick-up" from Furnace Linings

VJhen a cast of steel is tapped from the furnace some of
the molten metal adheres to the refractory linings and
certain elements are absorbed into the linings. The
concentration of the absorbed elements can be quite high,
particularly if the furnace has been producing Stainless
Steels which are rich in Nickel and Chromium. This
residue can remain dormant for a period and usually re-
enters the molten bath during one of the subsequent heats.
This can result in a positive error on the expected values
of the relevant element in the melt. The standard Least
Cost Mix model does not have facilities which will cater
for "pick-up". Providing planned schedules are adhered
to, it would be possible to introduce a correction to the
b L vector in anticipation of "pick-up" from preceding
heats in the planned set for a given furnace. The weakness
of such a correction lies in the fact that very little is
known about the dormant life of "pick-up" residues, i.e.
If "pick-up" occurred in heat j , we do not know the likeli-

hood of re-entry for the next n heats.

The "pick-up" problem is most significant in melt shops
where operating policies include the "switching" of widely

differing qualities on the schedule for each furnace.

The "pick-up" problem affects all methods of
blend planning.



¢) Problems arising from Residual Elements

The residual elements of concern in special steelmaking
are Copper, Tin, Arsenic and Antimony. The removal of
these eclements from the bath is not possible and hence it
is essential to aim for 'melt-out' values below the upper
bounds. The problem of residual elements with refexence
to the Least Cost Mix L.P. model is that information on
residuals for scrap resources is known in some cases and
not known in others. The level of residual elements is
usually an unknown factor in scrap supplies under the
general ciassification code, However some scrap stocks
have further identity with reference to residual elements.
To prevent the harmful effects of scrap from the general
category which may enter solutions for low residual stcels,
it is necessary to either use the controls for candidate
selection within the matrix generator or to assian upper
percentile estimates of residual clement yield for the
scrap types in the general classification. Under conditions
of low stock for the known residual scrap group, the chances
of the L.P. run terminating due to infeasibility can be
greater, which could be overcome by lowering the estimates
of residual yield for the general scrap group within
acceptable risk levels. The cost savings from coping
effectively with the low residual problem can be high, if
there are facilities for on~line access to the Least Cost
Mix system, which enables the user to take advantage of
new opportunities from changiing stock levels and fresh
information on residual levels,

d) "Integexr programming" problems

The solutions from an L,P, model are usually continuous



values. However some scrap consignments can be used only
in integer units because of physical structure, the most
common example being ™ngot scrap'. In principle this
problen can be overcome by utilising the integer Program-
ming extensions to the L,P, package, if available at a
given combuter installation. The constraint on the use

of this facility at present is one of run time, which can
be prohibitive on large problems like the multi~furnace
charge blending nmodel. It is usually more practical,
though 1essvoptima1, to utilise routines in the report
writer program.to convert the continuous values to feasible
units for particular resources.

Infeasibility

Infeasibility refers to the condition which arises when

it is dimpossible to find any fecasible solution for a given
requirement vector from the attributes and stock levels
described in the L.P. model., “hen this conditon arises in
the computer run of a Least Cost Mix system, the user is
initiazlly concerned with identifying the cause of ine-
feasibility to examine the scope for "forcing" feasibility.
The identification process is not always straightforward
and in this respect some L.P. packages offer more helpful
post-mortem information than others. The method usually
adopted is to examine the constraints in relation to the

& matrix -~ we could for example find that we have speci-
fied a maximum chrome requirement of 0.2% and in the &
matrix the lowest possible chrome yield is 0,50, In this
situation it is probable that the 0.5% yield refers to the
upper percentile yield catering for a scrap code accepting

both 0.3% and 0.5 scrap types. In this instance the user
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g)

will be justified to use a temporary update to the atj
foxr chrome assigning it 0.3% yield and including suitable
"variable descriptions' which stipuléte the need for

"sglective" charging of 0.3% chrome scrap,

+-a

On many occassions infeasibility can be attributed to data
punching errors, which when identified and corrected

resolves the deadlock.

If the cause of infeasibility relates to a stock constraint,
theﬁ the searxch for feasible solutions for the cast con-
cerned will need to be deferred until the stock level
improves to permit feasibility.

The "Mixed Scrap' Problem

Mixed scrap is a resource which has far more variance in
attribute yield than any other scrap type. As the mixing
process is not homogeneous the variance is a function of
sample size. In the L.P. model the attribute vields for
mixed scrap are usually based on the long term expectations
from moderate sample sizes. The only reliable method of
reducing the risk from mixed scrap is to include suitable
usage constraints during the matrix generation procedure.
In spite of the risk to the user from the inclusion of
mixed scrap in a blend, the resource price for mixed
scrap is rather high, contrary to rational expectation of
compensation in view of risks to the user.

L.P, Software problems with reppect to computer configura-
tion ‘

Most computer manufacturers will supply well tested soft-
ware packages for Linear programming. The L.P. package

selected for use in a Least Cost Mix system should have



options for efficient interfacing with the users matrix
generator and report writer., The interface problem can
arise in certain computer installations with reference to
the peripheral devices that are availablé. For example
consider a user with an ICL 1902 A computer, 32K words of
core store, four disc drives, card reader, card punch and
line printer, For the Least Cost Mix system they use the
ICL~L,P. package XDLZ2 which will accept input data from
cards, paper tape or magnetic tape. This user cannot have
an efficient interface for the matrix generator/L.P.
package XDLZ2, because the only feasible transfer mediunm
for his installation is via the card punch for re~input
to the card readex. This problem will not exist now
because ICL now provide an enhanced L.FP. package=XDLA,

which will accept input from any named peripheral device.

The L,P, package within a Least Cost Nix system should
provide turnround.withiﬁ the time allocations that is
assignéd for the éystem by the Computer Centre. The
iteration time to reach optimality is governed by the
problem size and matrix density, as well as the control
parancters for multiple cclumn selection, frequency of
inversion, Eta vector file dumping and the core store
allocation. Some typical run times for Least Cost Mix
systems using ICL software are indicated below,

Minutes of Elapsed Time
(XDL2 & George II)

Rows Cols

One cast model 30 20 2«3
Five cast nmodel 60 100 5~10

Ten cast model 110 220 15-.25



The run times quoted are based on the XDL2 package, which
can be less on XDLA, which has iteration time optimisation
facilities, for switching automatically between inversion
and eta-vector file scan as iteration time from one
procedure exceeds that of the other,

h) Anomalies of resource costs within the objective function

The L.P. model in a Least Cost Mix system optimises an
objective function which represents the resource costs. It
is reasonable to stipulate that the resource costs used in
the objective function should>represent the "true" cost
incurred to the user and be based on a consistent standard of
reference. It will be apparent from the ensuing discussion
that conventional standards of resource cost such as market
price alone does not provide a realistic basis of true cost

for use in a Least Cost Mix system.

Consider the following criteria of resource costs, relating

to scrap,.

i) The cost of a resource is the amount which the user has
to pay for supplies from the market. .

ii) The cost of a resource is the amount which the user
actually pays for procurement from a particular source.

iii) Thé cost of a resource is the sum of source related
procurement cost, expected penalties during use (+), and

expected advantage during use (-).

The use of each of the above for the objective function has
both advantages and limitations. The use of market price has
the advantage that the values are readily obtained by refer-
ence to published prices. However the real validity of market

price does not extend to supplies procured from non-market



sources, viz. internal supplies. 7The market price is not a
realistic measure for internal revert scrap because it is
unwittingly subsidised by the customer who purchases the
product from which the scrap arose. The only significant;
costs of internal scrap are for cutting and handling, which
are usually guite small in relation to the market price of
scrap, The limitation to the separate costing of internal
and'external scrap is that the physical controls for inventory
and bunkering resources, may not be amenable to this form of

segregation.

The use of procurement cost alone as the resource cost for
scrap has the weakness that it ignores the extra costs or
special advantages which can be attributed to the resource
during melting. The expected extra costs will be a function
of attribute variance and scrap density. The special advan-
tage contributed by certain resourcesbare low residual prop-
erties, ease of handling, and guaranteed yield from scrap of
known analysis. Resource cost which accounts for penalties,
advantages and procurement can be regarded as being realistic
and more suited for use in the objective function rather than

the market price.
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Development of a model to evaluate the expected cost to

the user arising from attribute uncertainty

The Need for the Model

The purpose of developing this model is té provide a means

of assessing the cost damage to the user which is diréctly
related to the level of attribute uncertainty from steel scrap.
The need for such an assessment becomes necessary in cost=-
benefit consideration of schemes to reduce the level of
uncertainty affecting scrap supplies. In addition to this

role it is conceivable that the model could be of use to the
purchasing function in the cvaluation of break—even.purchase

price for scrap supplies with declared margins of uncertainty.

Formulation of the Model

We assume that the probability density function defining the
yield of particular attributes from given blends of scrap is
known, In any steel specificatioﬁ for wﬁich the blend is
used, there exists an upper and lower bound stipulating the
acceptable level of each chemical attribute. In general it
is accepted that on the basis of a least cost objective, it
is desirable for attribute yields to converge towards their
respective lower bounds. The lack of compliance with this
objective, results in extra costs to the user due to one of
the following reasons.
i) If the attribute yield is below the lower bound,
expensive virgin additives have fo be provided. .
ii) If the attribute yield is within the specified bounds,
but not at the lower bound, then a "lost opportunity"
cost can be regarded as being incurred. The "lost

opportunity" being a reference to the fact that we



could have used the difference between the lower bound
and the actual yield, to fulfil the lower bound require-
ments of some future order. Since this future correct-
ion will quite likely be made using virgin alloys, it

is reasonable to evaluate the lost opportunity cost
using the price of thé requisite virgin additions.

Where the aim point (planned yield) is above the lower
bound5 the range of the opportunity cost applies only
between the aim point value and the upper bound.

iii) If the attribute yield falls above the upper bound,
then a production crisis is invcked which is resolved
either by re-scheduling if a feasible alternative order
exists or by deciding to abort the melt. The eclection
of either option incurs ecxtra cost to cover the cost
of melting, any re-setting of differing mould sizes,
the priority usage of scarce resources, the standby
running of vacuunm tanks, etc. The exira cost for thié
type of upper bound vieolation is constant and not

directly related to the magnitude of the error,

IFrom the above discussion we can consider thiee cost zones;
The operating practices used in various companies varies a
areat deal and hence oniy sone of the three costs may be
active in certain steelplants. The validity of the model

in these situations will depend on suitable re-structuring of

the model to reflect any such variations.

The disposition of the cost zones in relation to a typical

probability distribution is shown on the next page.
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Providing the p.d.f., £f(y) is known the above expression
can be evaluated. We consider the case where the distribution
is normal and the p.d.f. is

y
£(y) - 1 . e

(i1)

Expression (ii) can be computed either by numerical inte-
gration or by reference to published tables of the normal
distribution providing the expression is reduced to the

standardised normal form N (0, 1).

Standardising expression (ii) as follows “éi.la
The standardised normal p.d.f., $j(t) = e e
n
Y
where t = ————-
a

In expression (ii) we replace the p.d.f., f(y) with §$ (t),

the variable y with (at + /) and the limits of integration b

b - n\
with Z, where 2 = —-——-—-
ZT a Z
. u
Thus, Ec = Cv * (bL - K- <xt) . <Mt) .dt +Cv . / (at + 2
Zmin zmax E
-bE) € (t) .dt +Cp . J S$>(*) e dt.
ZL
=Cy,.a.J (ZT - t) . <B>t) .dt +C, . o .

]31.:|:|1 Continued



u max

/ (t - 2r) . £) .dt +C_ ./ (t) . dt (1ii)

kg Zu
Now substituting the Normal distribution function

Z
§ (2) =J 4 (t). dt, and the integral

Z z

”

£ 12
/ t. £ (t) o dt * - P (t) =z in expression (iii), reduces
thé expression to a form consistént with published tables of

§ () and $ (Z), as follows!

ec = o cv A - ' (vy + 1*>(\) - i
+ p e 1[ A (zE) ~ <>zu) - zE * (Zu) -~ A
+ Oy L [S(2 ) - $(2) 3 e V)

Expression (iv) reduces further for particular cases of the
aim point (planned yield from a blend) and the disposition of
the bounds in relation the distribution meantl .

Consider the following cases for illustration.

Casejil ZE = ZL

Bc - * e Cv o 2 # <V 7 $< W - f <zu)l

+ #£~) - "MZjain) -

+ Cp !'§ (W * § <Zu) i T <v >

Case (ii) Z, =2Z and b, = U
Ec = cv * a. [2 <« F

*«p | * (W e Y (Z,) I (vi)
Case (Ui) Z_B = Zu
pe v wey N\[#@1) - #<2r)1 4 £ < W -

+ Cp -AS (2 ) - (Z2) 1 (vii)

2e ")



Study of expected cost due to attribute uncertainty

The model developed in this chapter can be of use in evaluating
the cost to the steelplant arising from attribute uncertainty.
This information could be useful to management in considering
the scope for improvements and in cost benefit assessments of
schemes which offer to decrease attribute variance of expensive
elements. The model could also be of use in strategic studies
to establish the aim points in relation to the bounds for

each steel quality, which will fulfil stipulations concerning

the acceotable probabilities of upper or lower bound violations.

For illustration consider a steelplant which produces Just
three steel qualities; L.NCM, 2| NCM and 3 NCM. The Nickel
specification for these steels are .6-.8%, 2.5-2.7% and 3.0-
3 .2% respectively. Virgin Nickel with a yield of 100% is
priced at £1,100/Ton. Upper bound violations incur a cost

of £10/Ton of steel to cover for expenses incurred: Electric
power, Oxygen, plant services, labour, etc. It is regarded
as being reasonable to assume that the min and max values for
the Nickel yield population are - 3a) and ( t*+ 3a) respect-
ively, xvhere # is the aim point and a the standard deviation
of the blend, conforming to the Normal probability distribu-
tion. Based on this information we can use the model to
compute extra costs expected for various aim points relative
to the bounds for given levels ofa ¢ The extra costs for

the above steels were computed using the expressions derived
earlier. The results have been plotted on the following
graphs indicating extra costs , E and Ec for a
typical range ofcr , for each of three cases of the aim point

at the lower bound, mid range and upper bound.



The graphs are followed by a discussion of the significant

relationships evident from this study.



V3 = n
FLITR™
H . N
Nh.v.J..V/N.-.

‘$annog

ANlod W)

t

TOAIINVod "L

. seN
4 o

nog~

T UmAVINGILG]

e e o e ] o e e

Og (DI YINILS

T'TIANING _m_.n. B

v} i

DR . oo
TRABIKTTIAAI N oY o

}. s el el man d

'

0.

39933749 nok / ¥
L¥13ba veix3,

: = ~dgve

RN

ot 1amsas g0 wou/ @

T BLsebTTY




=W awmeg vyl bbb L] e R -z = LNIOd iy |
T : { ; . ; . ..

R R
21¥INdILS
i G

lanH‘.-Oam.Au._\qu(_
; ] X [ )
NS 1 <asyangnst’”

_;.W.t.z_. - . : i . , . B S e lowi 204 b
REREILIS TP B : REEC e . " N T B 1244 S
i T Al ! L g4 . .

ot i I I VIR

L&

ecenrans ', s : . B S5
: . .. . 3T

SRRk . L SISO SO S S HEER LN AE AL S
£8130 oL g | L : I R T P T o $1503 YHLXT;
SLSOSTYHLXY : [




i T ST R eyl
R T

3

EOON _L_amiedl Wi

STNPOT | ¥IAVINiys T /. AT I ? EEITh

[

k 2 o T T T AT S I

ol R S
A A :

Ly
H {
i




Discussion

An examination of the graphs of Extra Cost expectations

indicatos the follosing.

i)

ii)

iii)

The extra costs for lotver and upper bound violations (B
and EJ tend to increase as the standard deviation of the
blend abecomes larger, where increasing 0 represents

increasing attribute uncertainty.

The curve for "opportunity cost" (Ea) whicn is incurred

within the range of the bounds has a point of inflexion,

For steels with identical distributions and magnitudes

of stipulated attribute range, the extra costs incurred
will be the same, providing the aim point disposition in
relation to the bounds is similar. Under such conditions
the extra cost is a function of o and independent of

The validity of this argument is confirmed by expression
(vi) for the case of a lower bound aim point and express-
ion (vii) for the upper bound case. (Both expressions
were presented earlier in this chapter). The signifi-
cance of this fact to the user is that he can compute
expected extra costs due to attribute uncertainty from
general tables for given attribute ranges and aim point

strategies, independent of steel quality,

In this analysis of extra cost due to attribute uncer-
tainty we have included E1' f and E . In practice the
management of steelplants producing special steels will
be interested mainly in B - They will usually be willing
to ignore E2 as this expected extra cost arises from

feasible and "trouble free" casts. As far as E 3is

concerned they will be interested primarily in avioding



ipper bound violations because of the numerous practical
difficulties that are invoked at each incidence of upper
bound violations. As the user is most intcrested in E‘,
the cost of extra virgin additions, we present a com-
parison of B' that is incurred for airn points at the
upper bound, mid range ox lower bound., The comparison

resented on the following graph. which indicates

e

s

}‘U

that B increases as the aim point is lowered. It is

1
clear that this increase in cost will continue as the

aim point falls below the lower bound and serves as an
indicator to management that using "safe" aim points with
negligible risks of upper bound violations, may not
always promote overall economies. The recommended aim

point should be based on the joint consideration of E'

and the acceptable probability of upper bound violations.
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Analysis of Scrap Circulation in Steelplants
The production procedures used in steel shaping processes
usually result in some proportion of source material being
shed as scrap discards* These discards constitute a ready
source of raw material for the melting process. However, its
value to the melting process is considerably reduced if the
discards have not been segregated properly, according to the
authorised scrap classification code. Poor scrap segregation
ults in uncertainty of scrap attributes for supplies frr
such sources. The expensive consequence of poor scrap segre-
gation on raw naterial cost has been demonstrated in earlier
chapters. The object of this chapter is to discuss some of
the approaches that could be used in a study of the "cause-
effect” acts of scrap segregation. Such a study could
identify the problem areas associated with scrap segregation
and lead to the development of better policies for scrap

segregation.

A simplified naterial flow diagram is shown below* for a
steelplant where the processing units are open-die forging

presses and machine shops.

* diagram on next page
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The approaches that have been considered for a study of the
scrap segregation problem during this research programme are

as follows.

Method I Analysis of historic production data to ascertain
the expected proportions of scrap arising in each
scrap type for comparison with proportions that
were actually registered in each type respectively.
The discrepancies can be expressed in terms of

cost.

Method II A study of the effects that will occur from the
adoption of various scrap segregation policies,
using a computer based simulation model which
attempts to emulate the operational practices of

the real system.

Method III An examination of the scope for modeling the
system on an analytic basis, resorting to sim-

plifications where necessary.

A detailed presentation of each of these methods and dis-
cussions on the results as well as limitations of each

approach follow.

Method T

The reason for our examining the segregation system is
because we suspect that a particular steel processing depart-
ment is not conforming to the stipulated scrap segregation
disciplines. The object of this exercise is to validate this
statement and attempt to quantify the lack of discipline in
money terms so that a case for improved control can be

presented.



Suppose we consider a particular time interval., Then during
that period the processing depariment will have executed a
production schedule consisting of several orders., The products
that constitute these orders will usually be of various steel
qualities. The discards from each order should have made a
contribution to the scrap stocks within each scrap category
defined by the scrap code. The amounts generated within

cach code will, in an error-free system, be equal to the
amounts actually received into the system as indicated by

the scrap inventory for the department. In an error-prone
systen significant differences between amounts g¢generated and
amounts received are likely. The object of this exercise is
to deternine these differences during a sample interval and
express the errors in monetary terms. The monetary unit that
is most readily usable in this form of analysis is the market
value of cach scrap typce defined by code., The losses incurred
by the error prone system can then be expressed as devaluation

or overvaluation of the scrap siocks,

The quantities of scrap generated within each code can be

evaluated as follows.

Let I, = Weight of ith ingot (raw material)
Fio= Weight of ith forging (processed product)
S = Ueight of Scrap received during time interval

R = Veight of Recoverable Scrap generated during time
interval t  —» t;.

P = Proportion of Scrap rccovered relative to tota
metal removed in processing.

t, and t Time markers to define the start of a

Droducilop schedule and its termination having made m

forglngs.

Q = Quality Code to identify scrap types 1, 2, ...... n.



m
Total HMetal Removed in - (I. - F,)
producing m forgings z i i
i=1
S
m
P =l 3 (Ii - Fi)
i =1
L
m/
Recoverable Scrap
generated in cach R,= P. I (Ii - Fi)ﬁ
scrap quality Q. - i =1 ~

where the range i = 1, seeee ', excludes all sets of (I3, Fy)
which do not belong to the particular category , and as such
is a sub~set of complete range 1 = 1, +eees @ covering all |
qualities, Q2 = 1, seces Il

To cvaluate the errors in the system we determine the differ-
ences between the amounts of scrap generated in each quality
0 and the amounts actually "received" under the corresponding

quality code Q.

Let the range of qualities in the system be @ = 1, 2, ..... n.
Let the unit pPrice for each quality Q be CQ.
Then for cach scrap quality Q, the devaluation or overvalu-
ation, can be evaluated as;
velpation = (r, . G - (S, - <)

=[(r -~ 8) . c] 0
If the valuation error is positive then it is a devaluation,

but if negative it is overvaluation.

The sum of the Valuation error for all qualities 0 = 1, 2,
eeese N, represents the overall error of the system, using the

value of stock as a monetary measure, for a given time period,



when segregation is assumed to be at a particular level of

tineffective control" -~ sic.

Querall
Valuation
Erxor N

[(R -s) . c:]Q

i
oMo
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The results of such an analysis carried out on the forge for

a 16 week sample schedule (29th March 1970 to 25th July 1970)

are presented below,.

Recoverable Scrap

Scrap Type c. ‘Arising Scrap Reéeived
n &/ton Tons Value £ Tons Value £

Carbon 12.85 | 2,528 | 32,484.8 | 3,495 | 44,910.75
1.CR.HO 14,75 | 1,513 | 22,316.75 | 1,105 | 16,298.75
3 CR.LMO 13.45 126 1,735,05 70 041.,5

1 hi.CR 17.9 12 214,82

2 Ny .CR 20.6 191 | 3,934.6

3 Ni.CR 25,2 52 1,310.4

L/NCH 17.1 286 | 4,800.6 207 | 3,539.7

1 NCH 18.4 96 | 1,766.4

2 NCM 21.15 564 112,563,1 705 | 14,910.75
3 NCM 25.7 573 | 14,726.1 10 257.0

Miscellaneous| 14.2«~ 118 2,274.5

30.4
Mixed 8.0 233 1,364.0 497 3,976.0
TOTAL 6,207 | 97,806.6 | 6,207 | 87,108.95

= £10,697.65, in 16 weeks

Average

Devaluation/Ton

i

£1.75/Ton

Weekly Devaluation = £668.6/VEEK

£10,697.65/6207




Observations on the Resulis from lMethod I

he resulis from this study suagest that the scrap segre-

i

agation systen in force is not satisfactory. Further invest-
igations were carried out to identify the weaknezses of the

euzisting system. It was found that poor scrap segregation

rises when scrap discards are not adequately identified ox

[»]

when the storage space for scrap becomes congested. The
existing method of scrap identification was to hand-stamp the
scrap code, using single dies. The code is stamped when the
discard is hot which results in the indentation being vulner~
able to erasure by surface scaling. The operative responsible
for segregating scrap and routing it to :espective storage
areas, often finds difficulty in locating the identity on the
discard and all too often the information required is illegible
or incomplete. In such cases he routes the discard o a
stotage area which may or may not be the correct one. To
overcome this problem the HILTI identification was developed
which utilises an electric embossing machine to print the
identity code on a metal plate, which is nailed on the discard
using a HILTT power tool., This system is now in operation

and the results so far have been satisfactory. To avoid the
problems arising from insufficient storage areas, the plant
management authorised the allocation of new areas for scrap

bunkers,

3

The details of this study were published in a British Steel

report a copy of which is included in the appendices (II). .



Method II The Simulation Model

It is generally accepted that the quality of scrap segregation
can have significant effects on the raw material costs for
special steel production. However, the scrap segregation
disciplines in force within steelplants and commercial scrap
companies are usually unsatisfactory. The Simulation model

of scrap flow could serve as an aid to management in appraising
the relative advantages of various control policies to improve
scrap segregation* The development of a scrap flow simulation
model and the results obtained from running this model are

outlined below.

The model is structured on an idealised representation of
scrap flow within a steelplant. The scrap segregation
discipline at each control node is represented by a Transition
Matrix, which describes the probabilities of material transi-
tion into correct or incorrect bunkers. Material flow within
the system commences at the melt-shop with the production of
an ingot from scrap, which proceeds to a processing unit
where it is converted to a product which leaves the system.
The scrap discards arising at the processing unit proceed to
a control node which routes it to a bunker. To maintain the
material balance of the system, scrap supplies are purchased
from outside sources whose segregation policies are also
assumed to be imperfect. The model also includes facilities
for the inclusion of product mix considerations and sequenc-

ing of product types within the production schedule.

The computer programming related to the development of this
model was assigned as an undergraduate computing project to

Miss P. J. DOHERTY, a student at Sheffield Polytechnic. The



nacro-~level flow diagram of the simulation model is presented

on the following page.
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Results from the Sinulation Model

The results presented here were obtained using the following
data.

The plant produces four types of steel with a product nix
ratio of (1 : 2 : 4 : 3),

The Transition Matrix at the internmal control node for scrap

routing to bunkers is as follows.

—» BUNKERS
1 2 3 4
SCRAP
TYP):.Sll .5 .25 .15 .1
Element (i, j) represents
2 1.2 5 2 1 the prokability of scrap
type i being routed to
3 o1 02 5 02 bunker ja
4.1 .15 .25 .5

The ingot size is assumed to be 10 units, which is processed
into a product of size 7 units and scrap discards of size 3
units, Scrap is purchased from the external supplier in
consignnments of 7 units whose constituents are assumed to be
distributed according tobthe above transition matrix normal-
ised on columms. The initial statesof the bunkers are stated

on the print-out as the situation at cycle O.

An extract from the computier print-out for a 2000 cycle run

of the simulation model is presented on the following pages.



. RESULTS FROM 2000 OPERATIONS OF STEEL PROCESS SIMULATION

0 CYCLES

BUNKER

1

2

3

4
BUNKER TCTAL
160.000
25C.000
33C.000
260,000

DWN

160 CYCLES

- s n s V- W — o o W

BUNKER TCTAL
.1 19C.C00
2 259.C00
3 300.000
4 251.C00

— . A S S e i 4 o

BUNKER
1
2
3
4
BUNKER TCTAL
1 193.C00
2 259.000
2 3C6.000
4 242«000
200 CYCLES
BUNKER
1
2
3
4
BUNKER TOTAL
1 211.CC0

2 262.C00
3 300.000
4 227.CC0

10.722

43.352
15,309
707‘?2

80278

83.6069
39651
23692

- 20.034

40.792
17.572

Bel53
10.890

B86.072
46040
24459
24721

2{{‘!. 945

PERCENTAGES
21.020
zﬂ‘3t- 186
16,949
9401

DIVISIGON OF
40.568
111.8532
57.986
22.752

PERCENTAGES
22:.7%4
42.099
17,014

8e7[{‘8

DIVISICKN OF
48,095

110301
51.042
12859

SCRAP TY PE
\ 2 3 4
: PERCENTAGES OF CONTERTS OF BUNKER
50.000 20.000 10.000 10.0C0.
25.000 50000 20.000 15.000
- 15.000 20.000 50.000 25,000
100000 10,000 20000 SOnCOO
DIVISIGN OF TOTAL CONTENYTS COF BUNKER
50.000 40,000 40.000 20.000
25.000 100.000 80.000 45.000
15000 40.000 200.000 75,000
10,000 20.000 80.000 150000
’ - PERCERTAGES OF CONTENTS OF BUNKER
- 390,205 21547 T 23.0606 "15.852
1{*0822 40.9869 270025 i—l'ch‘»Z
8104 16379 51,200 240231
4271 3.938 29.093 56839
DIVISION OF TOTAL CONTENTS OF BUNKER
T4.680 400940 44,857 30.120
38,390 106.162 69.995 44,450
24.312 49137 153.601 12695
13.024

142,668

OF CONTENTS GF BUNKER

21,392 14510 -
25.192 16,311
480310 2409[72
24,067 58.307
TOTAL CONTENTS OF BURNKER
41,290 28.004
654,249 426245
147.829 76323 .
580243 141,104

OF CONTENTS OF BUNKER

21.860 14737
230‘?04 160923
‘{f(chl}B 27—3852
19683 60.702
TOTAL CONTENTS OF BUNKER
46.125 31.095
61.318 46,238
140,837 83.558
44682 137793



560 CYCLES -

——— . w— qa= X e T — o -

BUNKER
-1

2
3
4

BUNKER TCTAL
1 277.000
2 262.C00
3 228.000
4

203.C00

1000 CYCLES

it o - S8 G v o O Gt Pn

- BUNKER

ROTCTAL

364.000
352.000
102.C00
182.000

BUN

LSRR DWW
I

1250 CYCLES

- 0wt i . 450 sve T > s e

BUNKER
1
2
2
4

BUNKER TCTAL
1 436,000
2 267.CCO
3 15.000
4 182.000

- PERCENTAGES OF CONTENTS OF BUNKER

45,420

16.568
9.78¢
T.704%

125.815
[(’8&380
22319
15640

44312
21151
-9.106

6.107

161,297
Th o b5

9.290
14756

24,167 19.426
44,026 C 24327
19.99¢2 52.283
Bo345 260407
DIVISION GF TOTAL CONTENTS
66943 53.812
1268.558 71.036
45,598 119.206
1609[30

25:.384% 166423 13.885
39.734% 23.025 16.087
12816 58.550 19524
11.3217 26261 54,313
DIVISICGN OF TOYAL CONTENTS CF DBURKER
92401 59.762 50544
129.865 81049 564628
12.072 59.721 19,915
20597 47.795

PERCENTAGES OF

42.690
20.977

8.397

186,128
76.988
2,281
15.284

REFILLED BUNKER NUMBER 3

26178
4).9706
3217
11.081
DIVISICN OF TO
114139
154.054
0.482
20167

53,607

11.029
15,077
17.927
570543
OF BUNRKER
30.551
44,024
40087[9
116.812

. PERCENTAGES OF CONTENTS OF BUNKER

98.850

CONTENTS OF BUNKER

17.226 13.808
23.225 13.820
55,282 26.292
23.8329 560681
TAHL CONTENTS OF BUNKER
15.543 606204
85.236 5C.720
8292 3943
%3.387 163.160



—— s e — e Y e 2 e

- BUNKER

S0 NS -

BUNKER TCTAL
1 463.0060
2 4C6.000
3 258.0C0
4 164.000

2000 CYCLES

Mt aTe - - ) VIS A o am T WP e v

39,006
" 18.339

14,223
7325

192.301
T4a457

36,696
12.013

PERCENTAGES
25.107
45.886
12,167

Be367

DIVISICN OF

122:7179

186,299

31.3901
13.725

OF CONTENTS OF BUNKER
19.964 15923
22,018 13.755
51470 22138
2?:052 570254

TOTAL CONTENTS OF DURKER
98,426 78.502
8%.395 55.845

132785 57.116
440365 93.897

BUNKER = PERCENTAGES OF CONTENTS OF BUNKER
) 44,628  22.212 162634 16,525
2 17768 45.468 23.657 12.105
3 12,261 16376 50,108 21.254
4 10521 11645 21.788 550743
BURKER TCTAL DIVISION QF TOTAL CONTERTS OF BUNKE
1 577.000 257.504 128.164 95.983 95,349
2 435.000 76.003 199.606 103,857 57.531
3 156.000 19.127 25.547 760168 33.156
4 145,000 15,677 S 17.798 324405 83.058
BUNKER NUMBER : ' 1 2 3 4
NUMBER OF EXTRACTICNS FRGM EACH BUNKER 186 435 608 571
NUMBER CF ALDITIONS TG EACH BUNKER 325 498 643 534
PURCHASES INTO EACH BUNKER 186 435

AVERAGE PERCENTAGE OF PURE STEEL TYPE 42.74



Observations on the Simulation Results

The results indicate that the inter-action between the
product mix ratio and the flow pattern for internal scrap
discards, results in a ﬁett gain of material into bunkexrs 1
and 2, whilst bunkers 3 and 4 suffer a nett loss. The effect
of this on purchasing requirenents is that the plant has to
procure a greater tonnage of scrap types 3 and 4 than is
actually produced within these steel qualities within a

given operating period.

The composition of the bunkers at various stages of the
sinulation run provide a guide to the yields that could be

expected in a steelplant operating under the stated conditions.

WWhere the market price of each scrap type is different, it
would also be possible to evaluate the monetary devaluation
or over-valuation of stock, using the concepts outlined in

method 1 of this chapter.



Method III

Examination of the scope for Analyiical Models

Hodel I
Consider the systen which produces product types A, B, C,
..sss M. Let the scrap scegregation system operate on the
same basis with bunkers for the collection of discards from
each type A, B, C, ..... M. If the system is error-freec then
discard 'A' is routed to bin 'A' and under such conditions
the probability of the transition discard A — Dunker A
will be unity,
i.e. P.p = 1.0
However, in an error prone system the scope for the transitions
A—=—B, A—C, .4es. A—=1, are likely to exist.
Hence in an error-prone system
PAA <1.0
Supposing PAA = N,
then the probability of not routing A—— A will be,
Uy =1 =N

=P + P +* eeeee T

IJ
AB -~ "AC Al

These arguments can be repeated for cach of the other product
types B, C, D, .,.... M. These transition probabilities for
the system can be represented by a matrisz, where the row
number represents products and the column number the bunkers,

as indicated belovw.

—» SCRAP BUNKERS
SCRAP TYPES l 3

Pan  Fap Ppg seeeeee Pay

D>

Pen Ppp Ppo oeeecere Ppy
Transition Matrix T = P P P P

ca CB CC ******* "CM

P P LK N B B AR Y 3 I

Pl
Pun Yz Pue MM




At a given time t, we find the system in a particular state
S, where S has a matrix of similar structure to T and represents
the quantities of each scrap type in each bunker. In this

matrix let 244 be the quantity of type i in bunkexr j.

aAA aAB aAC aacsese aAM
aB!x aBB aBC e ® o0 800 aB!\JI
State Matrix S = 3ep 2cp Ban seerens Aoy
ar‘m aIVIB ® 0 & 9 v o0 000 %ml

Using the information on the state of the system at a given
‘stage, éi’ we should be able to predict the state of the
system at some future stage Sn. The transformation of the
system from one state to the next is governed by the relation-
ship; u

: - [
Sj_*_l-’.[‘.aj

We could then extend this arguncnt to considerations of long

run properties of the systen.

In many ways the representation discussed so far resembles a
Markov Process model. If it can be assumed that the model
considered here fulfils the requirements of a Markov Process,
then we can readily determine the steady state transition

matrix T , which can be used to compute the resultant steady

w’
state S from a system commencing with an initial state S .
o 1
i.e. 5 =7 .8
(] ©0 ]

For illustration consider the folloWing example.
Let the initial state be S ,

] 50 30 20_ 1
5 = 10 50 40

5 45 50




The transition matrix for the system is as stated below,

2

L

5 .

2]
]
*
ey
L
(§]

ol

o2 o2 0

Now consider the transformations of the systen,
(20 39 32
5 =T .85 = 12 46 42

15 43 42

18 43 39]
S =T .8 = 16 44 40
4 s

117 43 40|

r =

17 43 40

40

u®
it
3
w
H
’-\
~
N
W

17 43 40|

The column convergence of all aij’ in each columm j, suggests

that the steady state has been reached.

17 43 40
ic. 5§ =7 ,8 = 17 43 40 =5 =85
6 5 5 bt

17 43 40

S can alternatively be determined from S =7 . S ,
) () o 1

where T , can be determined from the one step transition
[e]

matrix T.

H
i1
s
i
N



I
1
T = | @
© 1
I

where 1 can
of T in the

solving for

I = 51 *
L] 1
= 30 4
2 1
I = .2H =
3 1
n +0 ,0 =
1 2 3

n

2 3
It

2 3
it

2 3 J

be evaluated either from successive transformations

form T

I from equations below,

Oln + ;21
2 3

- WOl v W20
2

1

3

3 .4.'n o .6n

2 3

(1)
(2)
(3)
(4)

25 % Ti . Ti s until convergence or by

In solving for Jj, one of the equations is redundant, but the

redundant equation should not be (<4).

Solving the equations we find

I = .24, n= .32, I = .44
1 2 3
e S =T . S
o -] L |
24 .32 44 50
S = o248 .32 ¥ 10
©
24 «32 o4 5
= 17.4 43 . 39,6
17.4 43 .. . 39,6
17.4 43 . 4 39.6

Which is the same result as before, the fractional differences

in p; and 1 being due to rounding off at each transformation
g 3

in the earlier evaluation.

Limitations of the Markov Model

i) The model considers a particular state and all transe

formations to predict future states are based on the



assumption that all members of the initial set remain
in the system and maintain their identity, whilst

remaining as an integer unit.

The real system takes a particular amount from a bunker

{3
o
S’

i, melts it down and if the result differs from the
expected attributes of i then it corrects it and its
-output is then‘i;'whereas the input may have consisted
of i‘and various forms of '"not i'" members. However,at
the end of the process the "mot i" members no longexr
exist and discards from the output 'i!' return as 'it,

The model is incapable of representing this complex

transformation,

The model is & true representation only if we consider

o
He
i
S

it analogous to the "coloured balls in URNSY" type of
situation; where we label the URNS with particular
colours, load the URNS initially with mixtures of balls
and then continﬁe to transfer random sets of balls
from URM fo URN, 1In this situation the members of the
ball population are able to maintain their identity
both in type (colour), unity of existence, and members

of the population do not leave the systemnm.

Model IX
In this model we will attempt to represent the flow of
material within the systen, identifying cach physical trans-

formation scparately.

The basis of this model is the State Matriv, wherein we
represent the amounts of cach grade in a particular bunlor ot

any stage of the process. The structure of the state matris:



is exractly as proposed in lModel I,

The major physical transformations that constitute the

process are as follows,

(a) The charging of the furnace with scrap from a bunker,
which at a given point in time contains somec known
combination of scrap types. By completing the charging

process we deplete the contents of a bunker.

(b) The production of an ingot which is then processed,
resulting in the creation of scrap discards which can
be routed correctly or incorrectly to the bunkers as

defined by a Transition matrix.

(c) For the system to remain in equilibrium it is necessary
to balance the weight of products leaving the system by
an equivalent amount of raw material from outside
suppliers. The quality of supplies from this source will
also be defined by a Transition matrix, where in this
case it represents the behaviour of the outside sources

from which the supplier obtains his stock.

We propose the following models to represent each of these

phases,

Charging phase

Let S

i

State Matrix prior to charge

C = The charge matrix, where each column represents
the depletion from each bunker, the row elements
being the amounts of each scrap typne eypected from

cach bunker



The celements of the charge matrix C;5~are computed as:

]
C.. = . e .. for all i
ij [q:l 1:1] ’
where ﬁgj is the transition matrix for supplies into the

bunkers normaliscd on columns.
and e = quantity charged from bunker j.
The state of the bunker after charging, €' = S - C, where

€', S and C are m ¥ m matrices.

The Internal and External Scrap Supplies

The scrap replenishment will be represented by the matrix

y (L = I or E, where subscripts I and E represent internal

hed
iy,
i

and external supplies respectively).
The elenents of the matrix RK are rij’ which represent the

constituent contents i within each supplied scrap tvpe j.

R,, can be computed as follows.

&%

R, = [:ij]x :[qi . pij]K, for all j.

where,

Pij = the transition probability of routing fo,j for: any
consignment supplied as type i.

and,

q; = thg quantity supplied as type i.

The Total System Model

The separate phases of material flow described so far can be

combined to give the following total system representation.
S =S

1
i+ 1 i I B

Applications of lModel II in studies of System Behaviour

The model can be used to:

i) Monitor the staqge by stage changes that are likely to



occur using sampling techniques to simulate the behaviour
of various parts of the systen under particular sets of

operating conditions.,

ii)A Predict the "'expected behaviour' of the systenm using

considerations of product nix.

Let us consider the latter case and illustrate using a num-

erical example.

Given a system whose long term product mix is defined by the
ratio Qp; (A ¢ B : C : D) : (10 ¢ 20 : 40 : 30)
and the Transition Matrix being,

o5 .25 .15 .1

.2 05 ‘2 .1

3
It

o1 o2 o5 o2
.1 «15 «25 S

-

For convenience, let T = T; = %5
Let scrap to product ratio (QI : QL) = (0.3 : 0.7)

3

Let the total gquantity supplied Qg = QK

Rp = 0.3 = (3, 6, 12, 9)
= . -
1.5 <75 45 .3
1.2 3.0 1.2 .6
Ry =
1.2 2.4 6.0 2.4
.9 1.35 2.25 4,5

2.8 7.0 2.6 1.4

2.8 5.6 14,0 5.6




Iiow the state change of the total system was shown to be,

o e AW, " T
. . = 50 2+ R Ol S
i1 i I “H

A r 1 = . - '
where Si S:L C
Let the total system contain 1,000 units at the initial state

as follows.

50 25 15 10

40 100 40 20

0
i

. .!_2.

40 80 =200 80

_?O 45 75 150
To evaluate C we consider furnace charges of 10 units each,
with demand being consistent with the product mix ratio.
i.e. the average charges of‘the four types will be (qj) =
(1C, 20, 40, 30) during eéch vroduction cycle.

C = Cij = q. . P.. , for all i.

J ij
where Pgﬁ is the original transition matrix T normalised

on columns.

Thus,
.55 .23 .14 .115]
.22 .45 .18 .115
' =
’ 115 .18 .45 .22
2115 .14 .23 .55
and
(5.5 4.6 5.6 3.45]
2.2 0.0 7.2 3.45
C =
1,15 3.6 18.0 6.6

1.15 2.8 9.2 16,5

Combining ecach of these,

50 25 15 10| [5.5 4.6 5.6  3.45
A 40 100 40 20| 2.2 9.0 7.2 3.4
i1 40 20 200 €0 | |1.15 3.6  18.0 6.6

| 30 45 75 150 |1.15 2.8 0.2 16.

continued




[ 1.5 .75 W45 .3 | 3.5 1.75 1.05 .7
1.2 3.0 1.2 .6 | |2.8 7.0 2.8 1.4
+ ' +
1.2 2.4 6.0 2.4] |2.8 5.6 14,0 5.6
0.9 1.35  2.25 4.5 |2.1 3.15 5.25 10.5
Thus, [49.5 22,9 10.0  7.55 |
41,8 101.0 36.8 18.55
s, =
i+ 1

42,85 84,4 202,0 8l.4

31.85 46.7 73.3 148.5

The state change for one complete production cycle is thus
computed., This procedure could be repeated to observe the

effects over a given range of repetitive production.

Appraisal of the three alternative methods for scran flow
analysis
Method 1: Analysis of plant data

This method is the simplest approach and can be regarded as
being the most expedient in practice. The results obtained
relate to the actual operations of the plant. The major
limitation of the approach is that the validity of the

results depend on the credibility of plant data. The analysis
is restricted to considerations on a macro scale of material
flow, i.ec. the results are in terms of the aggregate quan-
tities in a given material code and not in terms of its

constituent population identified by attribute.

Method 2: The Simulation Model

This methéd is perhaps the most flexible of the three approaches
considered here. The user has the option to build eithéi =
simple models if expediency is important or develop a highly
sophisticated model which is an almost total emulation of

the real system. The system can thus monitor any number of



attributes or characteristics of interest, in a particular
plant. The only constraints in this context are the time
scale for model development, the computer configuration
required and the cost of such a project. The validity of

the results from a simulation model depend on the accuracy of
probability distributions that are used to represent any

real system. The results obtained from a simulation are
experimental and as such cannot be proclaimed in any absolute
terms. It is often true that large simulation models can
have errors in logic which are not easily identified and
could in some situations give false results, In spite of
these limitations it appears that this approach is at present,
superior to the other two considered here, for the study of

material flow in steelplants,

Method 3: The analytical approach

The superiority of analytical models to other approaches

rests on the fact that solutions obtained from them are
absolute and readily applied. The models developed by the
author are only simplified representations and are subject

to a number of limitations which have been stated. Within

the limited time scale of this research progranme, it has

not been possible to develop a satisfactory analytical model
of this problem. It is suggested that the challenge presented
by this problem, merits attention as a separate and exclusive

research project.



Analysis of human reactions towards change
The Situation

The Technical Management of the company decided to sponsor a
research student to examine the scope for improvements in
methods used for furnace charge blending. The project was
initiated with the approval of the senior Production Manage-
ment. The section of the organisational hierarchy relevant

to this discussion is outlined belotir*

WORKS MANAGER

MELT-SHODP OTHER DEPARTMENTS

MANAGER

ASSISTANT MANAGER

SECTION - MANAGERS

SUPPLIES MELTING CASTING

MIXTURE

CLERK FOREMEN,

The author believed that successful transition in a process
of change will depend on the co-operation that is received
from those people affected by the change. In line with this
reasoning every attempt was made to keep these people fully
informed of the motives for this project and notified of the
results obtained at each stage of development. The level of
enthusiasm for the project ranged from strong supnort at the

Works Manager level to strong resistance at the Mixture Clerk

level.



The person most knowledgeable on the existing manual system
happened to be the Mixture Clerk, In spite of repeated
assurances to the contrary, from the author and the manége—
ment, the HMixture Clerk appeared to hold the conviction that
the instigation of this project has been motivated by a lack
of confidence in the quality of his work and that the sﬁccéss
of this project will have consequences on his job security
and status in rélation to othex members of this working
environment. The argument used to assure him to the contrary
was that the new system is intended to be a more efficient
tool within his control, to assist him in a similar but more
sophisticaied nanner to the electric calculator that he has
been using. As far as job security was concerned he was
assured that the new system will be totally dependent on hin
as the day to day controller of the system usage., As far as
job status was concerned it was pointed out that generally
users of sophisticated systems are accorded greater status

by fellow members in the company. It was conceded however
that the system does tend to take over some of the powers of
decision making which pfeviously were vested in the Mixture
Clerk. Although it was felt highly desirable to win the
confidence and co-operation of the Mixture Clerk, this goal
was not achieved. A request was made to the management that
the lixture Clerk or someone with comparable expertise on the
practical aspects of charge blending be seconded to work on
the Least Cost Mix project. This request was not granted.

In retrospect the author feels that more pressure ought to
have been applied on management to insist on the secondment of
a suitable member of staff from the melteshop, to assist in

the modeling of practical details and more impoxrtant to



overcome the resistance to change by those on whom there is
some dependence for accurate input data and reliable implem-

entation of solutions from the system.

The Reactions observed during the Major Stages of Development

i) The Feasibility Studies

This stage consisted of experimental work in developing the
models for the Least Cost Mix system and testing of the
models using historic data. The results obtained were
discussed at wvarious levels of management and staff, in
descending order from the senior levels. It was observed
during these discussions that the concern for cost reduction
was very much greater at Works Manager level than in the
lower echelons of the hierarchy. In consequence the support
for the project was greatest at the executive level. Members
of line management and supervisory staff tended to be more
concerned with maintaining productive operations using
feasibility criteria and almost apathetic to objectives

relating to cost optimality.

During the discussions that were held v/ith various members of
the organisational hierarchy a peculiar interaction was
observed at each interface between managers at one level and
their subordinate staff. In this context the Melt-Shop
Manager is a subordinate of the Works Manager, the Section
Manager is a subordinate of the Melt-Shop Manager, etc. The
interaction observed is described as follows t The manager at
a particular level in the hierarchy is presented with the
case for considering the use of a new system. The merits and
limitations of the system were discussed with him, which lead

to his finally accepting the case for considering the proposal



subject to minor alterations. He then invites his subor-
dinate to discuss the procedure for action on the proposal.
At this meeting the subordinate initially expresses nis-
givings on the scope for the new system and argues the case
for a status quo. During this mecting the senior managef
defends the case for the new systém using the arguments made
40 him earlier by the proposers of the system. This usually
leads to a conditional acceptance of the system by the sub-
ordinate. This cycle of events tended to repeat itself as
the consideration of the new system percolated through each
manager/subordinate interface. Where the discussion involved
more than two members of the hicrarchy the interaction was
between the most senior manager against the collective set
of his subordinates from various levels, The collective set
often included particular members who individually had once
accepted the system but now comply with the disposition of

the group.

These interface reponses point to the hypothesis that within
the frameworlt of an organisational hierarchy, the junior
members adopt a defensive role in relation to proposals for
change within their areas of responsibility, particularly if
they suspect that the motive for such change is an implied

judgement on their organisational effectiveness.

'ii) The Plant Trials

The commencement of plant'trials was delayed for a long
period after they were authorised. The delay was induced by
members in the lower echelcons of the hierarchy by utilising
the conditions which they had imposed on the acceptance of

the directive to commence plant trials., The trials were



eventually commenced by the issue of an ultimatum by the

Works Manager. In this hostile environment such a move
constituted "overcoming resistance by executive force". It
was fully realised that this was a measure of last resort,

but there seemed to be no alternative course of action which
was suitable at that time. In effect it was a case of the
controlling executive asserting his authority over subordinates
who were effectively procrastinating his directive to satisfy

their own goals.

In consequence?the plant trials took place in an atmosphere
of reluctant co-operation from the melt-shop staff. The
results of the plant trials indicated the need to examine
the sources of raw material supply to the melt-shop, to
consider improvements in the control procedures used. From
this stage onwards the support and co-operation from the melt-
shop staff began to improve, because they saw the extensions
to the project as being something they themselves had felt
to be necessary for a long time but remained powerless to
motivate action.
iii) Extensions to the Project - Examination of Scrap Control
om sources of supply"
This phase of the project was an investigation to determine
the prevailing state of "ineffective control - sic" on the
control of scrap arising in processing departments. The
investigations revealed that the scope for improvements was
substantial. The method proposed to improve the control of
scrap segregation was to introduce a new method of identifi-
cation for scrap discards. The new method was to emboss the
identification on a metal plateusing an electric embossing

machine and to nail the plate on to the solid scrap using a



power tool. The old method was to indent manually the
identification using single alpha-numeric dies. The old
method was slow, laborious, and needed two operatives to
stand fairly close to the red hot discard. In contrast the
proposed method was quick, relatively effortless, needed only
one operator, and reduced the'hot proximity" time. The
proposal to adopt this method was not resisted in the least
and met with strong support from the operatives concerned.
The reason for this response could be attributed to the fact
that the change in this case was one which endowed a great
deal of immediate benefit to those affected by the change
without any adverse threats to their work roles or group

relationships.



Discussion

A review of social science publications indicates that the
field of human resistance to change has received considerable
attention as a research topic. As early as 1948 COCH and
FRENC1? had established that a participation strategy can
overcome resistance to change. This approach is supported
by JUDSON24and 3CHEIN42 based on their experiences in a number
of successful changes within organisations. However, LAWRENCE
warns that participation does not assist in overcoming
resistance, if it is treated purely as a device which makes
people accept changes. He maintains that participation can
only be successful, if the participant can feel that his
contribution is essential and hence commands respect from
those motivating the change. The level of participation in
the author’s project did not extend to the lower echelons of
the melt shop hierarchy. It would appear that more effort
should have been directed towards securing the involvement
and contributory participation of the Mixture Clerk and to a

lesser extent other melt-shop staff.

The motives for resistance observed by the author have been
fear of redundancy, 1loss of status, objections to a threat on
the status quo and lack of confidence in the proposed change.
LAWRENCE?8 has suggested that such fears are usual in a
situation where some technical change threatens the social

fabric of a working group.

The levels of enthusiasm observed by the author indicated
strong support by top management, with the opposite reaction
at lower levels of the hierarchy. JUDSON*4has reported that

this is quite typical in most situations of industrial change.



The environment of a company can be regarded as being a
relevant consideration in terms of whether it is conducive
to change. The general disposition of the melt-shop staff

was one which favoured a status quo. They had accepted an

4]

environnent where change was not normal and hence it i
natural for them to resist change to the best of their ability.
JUDSON 24and SCHEIN42 confirm that the resistance to change is
usually strongest in an enviromment where change is a rare

event.

In concluding this discussion the author adds RODUSTNESS as

a relevant consideration to the survival of an innovation.

If an innovation does not have to rely on employee co-~operation
for its survival and success, then it can be regarded as

being "rcbust'",., If however an innovation is totally dependent
on cmployce co-operation for its survival, then it can be
regarded as being “fragile'. Some hardware innovations which
offer immédiate benefit gend to be more robust than software
innovations where benefits are usually long term, In the
author's project the Least Cost Mi¥ system falls within the
fragile category, whilst the scrap identification system was

quite robust in comparison.

Thus, it is clear that the sociological aspects concerning
the introduction of new systems, merit more attention: than

is usually accorded within most organisations.



Conclusions

If is apparent from this study that the considerations of
efficiency in the usage of materials for special steelraaklng*
extend beyond the domain of melt-shops, owing to the problems

of scrap uncertainty which are induced from external sources*

The findings of this research have indicated that the major
problem area in relation to the usage of steel scrap in
steelmaking is one of attribute uncertainty. The methods
developed by the author for the evaluation of the cost arising
from attribute uncertainty in scrap, will be of use to steel-
plant management, as an aid to assess the scope for improve-

ment.

It is encouraging that an increasing number of companies are
now considering the use of Least Cost Mix systems for their
melt-shops. It is suggested that such companies will find
this thesis to be a comprehensive guide on this topic, at

the present time.

In concluding this research programme the author suggests
that there is scope for further research in the following

areas s

i) A study of scrap uncertainty affecting steelplants with
reference to the identification of probability distri-
butions and an examination of the relationships between
variance and sample size. Sample size is a relevant
parameter in this context because scrap populations

are generally non-homogeneous.

ii) The development of a satisfactory analytical model to

solve the control problems relating to scrap circulation



|
M.

and segregation.

The development of an efficient computer package for

the solution of non-linear representations of the charge

blending problem,
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Appendix I

"A revioxv of Least Cost Mix projects in North American
Steelplantsl

The author was awarded a travel scholarship by British Steel
Corporation, to carry out a study of computer applications

in North American Steelplants, during July-August, 1971. The
findings of this study were presented in a detailed report,
copies which have been distributed within British Steel
Corporation. The author has also presented a paper on this
topic at the fourth Steelmaker’s Conference, Harrogate, March,
1972. The information presented here is a summary of this

study, with reference to Least Cost Mix systems.

Atlas Steels System. WELLAND. ONTARIO, CANADA

Atlas Steels have recently installed Least Cost Mix systems
using remote time-sharing facilities from a commercial
Computer Bureau. The company has an in-house computer on
data processing duties, which could run the Least Cost Mix
system. However, the company decided against using the in-
house data processing computer, on the grounds that the scope
for making full use of a Least Cost Mix system is often
inhibited by the constraints of job access queue and turnround
time. The system is operated from remote teletype terminals
at the melt shop, linked by normal telephone lines to the
Computer Bureau at Toronto, 80 miles away. There are two
systems which are used in sequence, to minimise raw material
costs. The first system evaluates the cheapest blend of
scrap to fulfil a given chemical composition for each steel
quality. The second system is used to calculate the cheapest
blend of alloy additions which will bridge the gap between

the actual ’'melt-out*l and the stipulated final composition.



Both systems are based on L.P. models and have matrix gener-
ators and report writers. They decided to use single cast
models for the L.P. in each case, because the overriding
priority was one of rapid response from the system in produc-
ing solutions at the melt shop, where delays on furnace
operations are not acceptable. They were aware of the sub-
optimisation which results from single cast models and have
attempted to reduce the effects from this source by utilising
a cast sequencing routine within the matrix generator of the

scrap blending system.

It is understood that similar systems are in use at the
following companies in North America:Carpenter Steel, Reading,
Pa, U.S.A., CRUCIBLE Steel, SYRACUSE, N.Y., U.S.A. TIMKEN
Steel, CANTON, OHIO, U.S.A. Standard software packages for
this application are now being marketed by a number of

suppliers in U.S.A.

The LUKBNS STEEL SYSTEM. COATESVILLE, Pa., U.S.A.

The melt shop at LUKENS Steel Company has an IBM 1800 computer
which provides assistance in the following areas; Cast
scheduling, Power Demand Control, Operator process guidance,
co-ordination of service functions, data monitoring and
logging. The planning of charge blends is carried out within
the computer system by utilising a library of L.P. solutions.
The resource aggregates from these solutions for each prod-
uction schedule are displayed to the raw material supplies
controller. If there is infeasibility in terms of the
resource inventory, the computer system iterates using
alternative blends from the library to produce a feasible

solution set. The solutions library is updated periodically



by the O.R. department to account for any changes in element
vieclds or alterations to the supply pattern. The/L.?. model
used by the LUKENS O.,R. team differs significantly from those
at other steelplants, because the objective function in this
L.?. model relates to the '"melting advantage' of each resouzce. .
The "melting advantage" is a Cost equivalent, representing the
benefits and limitations arising from each resource during
charging and melting. The benefits include considerations of
expected yields of elements, density in terms of charging
problens, credibility of type identity, etc. The limitations
cover such aspects as risk of bound violations, high residual
levels of tramp elements, problems of charging due to physical
structure, etc. The O.R. team at Lukens claim that the use

of a melting advantage objective function has provided them
with better overall savings than could be expected from the

use of a market price objective function,

ALLEGHENY LUDLUM STEEL SYSTENM, PITISBURGH, Pa., U.S.A,

This company is a major stainless steél producer in North
America., They tried the use of L.P; nodels for scrap blend-
ing at the WATERVLIET, N.Y., plant during 1965. The L.P.
runs were carried out in an off-line weekly basis, using the
head office computer at PITISBURGH, Pa.,, under the direction
cf the O.R. department. The problems of data transmission

- and lack of interest by melt shop staff resulted in the

system being terminated.

They have recently installed a computer system for the
calculation of alloy additions at the BRACKENRIDGE melt shop.
The production of stainless steels usually rcquirces large

amounts of Nickel and Chrome additions. They utilise a



DDP116 computer (8K words of core, 16 bit words) on an on=
linc basis for the evaluation of the least weight blend of
additions, to meet a given objective of chenical composition.
The furnace operator has access to the computer through
renote termiﬁals at each furnace control console., The melt
shop expressed satisfaction with the performance of this
systenm and confirm cost reductions from the use of the

Sysicn.

United States Steel Svystems, PITTSBURGH, Pa., U.S.A.

The system for charge blending developed by this corporation
was installed at their South Works, CHICAGO, plant. The
details of fhis system were presented in a papex by

B, T. DBERNACCHI and E. F. DUDLEY, JR., which is reviewed in
the literature survey chapter of this thesis. In addition
to this they have developed systems for burdening control in

blas% furnaces.

Conclusions

The carliest attempts at using L.PP, models for furnace

charge blending appecar to have been made within steelplants
in North America. In general they tend to favour on-line or
time sharing systems which are independent of their in-housc
data processing computers. The systems they have implemented
permit diréct inter—acéion between the computer and melt shop
staff. In contrast the systems developed in the U.K. rely on
in-house data processing computers, operate in an off-line
node and use computer staff as the interface between the melt

shop personnel and the computer,
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SYNOPS IS

This paper is a summary of the application of computers, which assist
steelmakers in various operations within arc furnace shops. The following
arcas of computer assistance are outlined, with indications of companies in
U.Ke, U.S.A. and Canada that are users of such systemse

(a) Least Cost Mix Systems

(b) Operator Guidance and Shop Co-ordination

(¢) Power Control

(d) Cast Scheduling based on Physical Properties
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INTRODUCT ION

Computers can be of assistance in the planning or contrcl of various
activities within a melting shop, because they possess certain attributes
which give them an advantage over manual systems performing certain types
of work. The attributes implied in the last statement are:-

(1) Speed of performing calculations and processing
infermation.

(1i) Large memory capacity permitting rapid storage and
retrieval of information.

(1i1) Ability to read information from a number of stations and
equally to display information at varicus locations as
required.

In this presentation we will consider the role of the computer within
four major types of application for electric melting shops. These are:-

(1) The efficient blending of scrap charges and selection of
alloys, at cheapest coste.

(i) Operator guidance and co-crdination of melting shop activitiese
(iii) Power contrel for maximum demand and efficient melt-down.

(iv) Cast scheduling based on the operating objective of meetin
ast ¢ 9
"physical properties" and not chemical specification,

We will now consider in detail the structure of each of these systems
to appraise the benefits from the use of such systems, acknowledge the
limitations, and briefly survey the experience cf companies in the U.K.,
U.S.A. and Canada. ’
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SYSTEM I

Least Cost lix Systems for Alloy and Stainless Steel Furnace Charoes

In building up the charge for a given steel quality, it is the usual
practice to select a blend consisting of various proporticns of particulax
scrap types, which is expected to provide a "melt-out" chemical analysis
within a reascnable margin of the aim point for all the conirol elementse
It is well known that there are usually several alternative blends which
will provicde a particular "desired melt-cut analysis". In such situations
it would be too time consuming to menually calculate the cost of each blend
and then optimise cost by selecting the cheapest blend. The problem becomes
more complex if we wish to optimise the overall cost of allccating blends
to a group of casts scheduled in a given time period against prevailing
stock levels of classified scrap. In such situations if we allocste scrap
charges on the basis of "first come - first served", then undoubtedly the
first cast considered gets the maximum choice, whilst the last cast gets
the minimum choice of raw materials. It would be more sensible to consider
the needs of all casts collectively against a given level of stocks, which
will enable us to strive towards an overall optimum, within a given planning
horizon.

Various mathematical procecdures have been develcped to assist in the
calculation of cheapest furnace charges, which should provide the desired
melt~cut analysis in each case. These calculations, though lengthy, can be
carried out within a matter of minutes on e computer. Computer systems for
this task are referred to as "Least Cost Mix" systems. Because the schedules
and stock levels in a melt shop are subject to frequent changes, it is
advisable to meintain rapid access facilities to the computer through a
teletype terminal in the melting shop office. Ve would input to the computer
codes indicating steel qualities, aim points, weights, stock levels of scrap
and alloys, special restrictions, if any, etc. This informaticn is then
‘transmitted from the terminal to the computer centre via normal telephone
lines. The computer recalls from menory details of density, yields and
residual limits, on relevant scrap and alloys, and carries out the least cost
blend calculations. The solutions are transmitted to the melting shop
terminal and printed out in the form of "charge build-up directives document',
which is adequately lucid for use as a shop floor document.

Least Cost Mix systems should no longer be treated as being impractical,
because an increasing list of companies have proved that it can be worked in
practice, with substantial returns in terms of lower raw material costs and
providing a better information base for the control of materials in melting
shops. '

We are aware that the following companies are using computer based Least
Cost Mix systems in their melting shops. They are, in the main, producers cf
alloy and stainless steels,
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North America

(i) Atlas Steels Company, Welland, Onterio, Canada.
(ii) Carpenter Steel, Reading, Pa., U.S.A.
(iii) Crucible Steel, Syracuse, N.Y., U.S.A.

(iv) Timken Steel, Canton, Ohio, U.S.A.

(v) Allegheny Ludlum Steel, Pittsburgh, Pa., U.S.A.
(vi) U.S.S. Corp., South Works, Chicago, U.S.A.

United Kingdom

Private Sector

(1) Dunford-Hadficlds, Sheffield.
(ii) Samuel Osborn, Sheffield.
(iii) Sheepbridge Engineering Ltd., Chesterfield.

B.S5.C.
Developments in progress at:i~

(i) Cybor House for Panteg, Brymbo and Bilston.
(ii) River Don Works.

(iii) Stocksbridge and Tinsley Park Works.

In additicn to providing least cost blends for furnace charges, Least
- Cost Mix systems give useful guides to cost reduction by identifying the
"expensive limits" on particular steel qualities, as well as assisting in
scrap buying by pointing out the relative importance of variocus grades of
scrap from the point of its intrinsic worth to the melting shop in monetary
termse o

The additional capital investment for a Least Cost Mix system is usually -
very low, if it can be tagged on to an existing computer, or if a bureau is
used, and operational costs are extremely reasonable. The average level of
savings from Least Cost Mix systems in terms of lower mixture costs has been
found to be of the order of 1C% for alloy steels. The actual savings
achieved in each plant is a function of the quality of scrap segregation
discipline that is adhered to in a particular environment. An equally
important factor for successful implementation is the level of co-cperation
and active involvement in the system by melting shop staff in the development
and ccmmissioning of Least Cost Mix systems in a melting shop.

The scope for the use of Least Cost Mix systems lies mainly in the
production of alloy and stainless steels. At the present time there is
little justification for the use of such systems in carbon steel production.
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SYSTEM 11

Operstor Guidance and Plant Co-crdination

The objective of using computer systems for operator guidance is to
provide advisory information to melting shop operatives, which will assist
them in achieving improved performance. The computer is capable of
providing this sort of service because it can rapidly obtain and process
information which will be useful to the operators in making better decisions.
The systems in use at present operate in "“open-lcop mode", i.e. the computer
only gives advice, it does not take action at the furnace. The decision to
execute a particular instructicn is made by the melter, the role of the
computer being purely advisory in this situation. The advice frcm the
computer is usually based on management approved operating standards, which
are derived from a scientific analysis of past performance by the best
melters in the shop. The standards are reviewed periodically and
modifications made if recent performance consistently produced better results
than expected by operators adopting different practices. Let us now consider
the method of operation of this type of system.

Operator Guidance

Commencing from the '"furnace fettled and ready for charge" stage, the
computer provides a continuous guide to the sequence of operations reguired
to produce a given melt. At the appropriate time it will provide advice
concerning: the sequence of basket charces, power settings for melt-down,
measuring temperature, blowing oxygen, taking samples, making alloy additions,
etc. A number of measuring instruments are directly linked to the computer.
The operator is provided with an input panel for giving instructions or
replying to the computer messages, Time is an important consideration in
the melting process, and hence the computer keeps track of durations into each
melt. Information presented to the melter is displayed either on electronic
display panels or through teleprinters, The cast number, temperature, carbon
level, and durations into each melting phase, with delays separately indicated,
are displayed ccntinuously, whilst more detailed messages are typed out on
the teleprinter. '

The Bath Temperature Display

Each time a temperature dip is taken the readings are displayed and
updated continuously until the next dip, by estimating the heat gain and heat
loss in the furnace.

Carbon Level Display

Carbon levels are initially ascertained from TECTIP samples or
spectrographic analysis from the laboratory. Based on this reference value,
the computer maintains a continuous estimate of carbon level.
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Oxygen Blow

The teleprinter suggests the correct time for the oxygen blow and the
amount to be blown, which is also displayed on the panel. As the blow
proceeds the display gives a "count-down" of the amounts blown, which
assists in the prevention of "over-blow".

Display of Durations

The time spent on a current cast, the time into refining and accumulated
delays, are all shown in hours and minutes. These displays assist in
motivating the pace of work by the melting team. A further incentive is a
display of bonus payments achieved relative to standard performancn during
edch Cdsto E

General Detalls

The computer keeps a log of all relevant events in the production of
each casst, and this data base forms the basis of report generation, system
re~appraisal and strategic studies for the formulation of operating plans,

The early days of operator guidance at Lukens (who pioneered thls type
of system) showed a compliance level to computer instructions of 5 7%, which
is now at 95%, giving confirmation to the belief that by a process of
continuous learning a satisfactory system csn be evolved,

Plant Co~ordination

The computer assists in the co-ordination of the shop by maintaining
information links between verious production and sexrvice functions. The
Raw Materials Controller is given an indication of the demand for varicus
grades of scrap and alloys in each time period by accumulating the optimum
charges for casts planned. The shop foreman's office has duplicates of the
furnace teleprinters, giving him the ability to monitor activities from a
central location. The system provides information to the casting bay on
the progress of casts, which helps them to assess current priorities for
preparation of ingot moulds or the "CONCAST" machine. A display is provided
to the production control staff, which enables them to monitor progress and
schedule the work load for processing depariments.

Companies Utilisina Such Systems

(1) Lukens Steel of Coatesvilie, Pa., U S.A., were pioneers in
this field and the company with the greatest success. The use of
computer systems in their Melting Shop has given them the following
benefits:- )

(a) Increased productivity of ]2». Of this 12% improvement,
9% was achieved before the computer was switched on and
came from the standard operating practices which were
evolved during the studies for the computerised operator
guidance project. 4

(b) Improved quality control.
(c) Better personnel supervision,

(d) A&ccurate information on shop operations.
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(2) tlestern Canada Steel of Vancouver, Canada, use a melting shop
computer to a lesser level of sophistication than Lukens, and with
simpler instrumentetion. Their main use of the computer is for
cast scheduling to meet physical properties, which will be treated
as a topic separately (See System IV).

(3) Phoenix Steel of Delaware, U.S.A. and Atlantic Steel of Atlanta,
Georgia, have also been involved with such developments, but with
limited success due to other factors. Phoenix Steel had a complete
replacement of the management team when the computer was being
installedes The new management revised the original specifications for
the computer system and the new requirements are still in the process
of development. The Atlantic Steel installation operated successfully
with a small IBM 1620 computer. To undertake wider duties, a larger
Vlestinghouse ccmputer was acquired. During the commissioning period
the plant suffered a six months strike, and on resumption of work
the emphasis was on full pace production, which resulted in ineffective
"running-in" of the new computer system and consequent discontinuation
of the system.

It would usually be difficult to justify the use of a computer for operator
guidance alone, and it is reasonable to accept that the primery justification
for the computer being used in the shop is to control power to comply with
maximum demand tariffse.
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SYSTEM III

Computer Based Power Control for Maximum Demand and lielt-Down

Maximum Demand Control

The need for this type of computer control is dictated purely by the
severity of the power supply tariff in certain parts of the country, which
may impose high cost penalties for violating the limits of usage within
particular time intervalse. The role of the computer is simply to monitor
usages and ensure that power demand from the shop does not result in the
permissible levels of power usage being exceeded. The computer attempts o
foresee events and take preventive measures either by controlling the
transformer tap settings, or in extreme cases by selecting a furnace for
power~off. The computer is particularly suited for this type of work
because it can read various instruments rapidly and implement decisions at
a rate which cannot be equalled by manual systems.,

Melt.Down Power Input Control

This system works under the control of the Maximum Demand System and
attempts to achieve melt-down at an efficient rate. Systems in this
category usually have on-line transformer tap changing facilities which
enables the melting team to concentrate on other aspects of the melting
processs

Users of Such Systems

The list of companies using computers for power control is, indeed, a
long one, and it is not intended to list them here. Vithin our Division,
the Rotherham vlorks Templeborough Melting Shop uses an ARGUS 108 computer
for power control. This melting shop was among the first to have a computer
for the control of power usage. The computer carries out both M.D. control
and power input conirol with on-line tap changing facilities. The Argus
also assists in the control and logoing of scrap charging activities. This
computer is also interfaced with the Quantovac KDN2 computer for rapid
transfer of sample analysis. The Argus computer is based in the central
control room and its performance is monitored by the shift controller. The
controllers have a number of display aids which are essential to their role
of cc-ordinating the numerous activities in such a large melting shop. The
central control system at Rotherham is regarded as being an effective
alternative to co-ordinate the shop using a computer system.
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SYSTEM IV

Cast Scheduling Based on the Objective of leeting "Physical Properties”

Jt is conventional to melt steel and produce casts which fulfil chemical
specifications. At some point we must a2ll have stopped to wonder vy we do
this at all. This issue is relevant because the majority of steel users are
primarily interested in physicel properties.. e are all aware thet the same
physical properties can be provided by a number of alternative chemical
specificationse.

You may well wonder what all this has to do with ccmputer applicaticns
in melting shops. The answer is that cne small steel company in Canada
found it extremely worthwhile to subject itself to this sort of critical
examination, which led to a minor revolution in the operating strategy foxr
their melting shop. The company concerned is Western Canada Steel of
Vancouver, B.C. They decided to adopt the physical property objective for
melting in theixr shop, which has just one 40 ton arc furnzce and a small
"concast" machine. My visit to this company was motivated primarily by s
curiosity to estasblish how such a tiny meclting shop could justify the expense
of an IBM 1800 ccmputer with an assoriment of peripherals, for the exclusive
use of the melting shop. The mein function of this computer is to considex
the level of elements at "melt-out" and select a cast from the ordsr book
vwhich can be produced at the cheapest cost in terms of alloy additions to
achieve the target levels for each elemcnt which should yield the desired
physical properties. The relationship between physical properties and
chemical analysis was established from experimental studies, the results of
which contributed to the development of the order selection program.

Having completed the order selection, the computer issues refining
instructions and advice on alloy additions, tapping temperature, etc, If
the ladle analysis indicates a significant drift from target values of
chemical analysis for the selected order, the computer repeats the selection
process and, if possible, allocates a new order for the cast and retalns the
original order in file for future allocation.

In addition to this primary function, the computer provides operator
guidance on temperature, oxygen blow, power settings, etc.

VWhen the tapped steel is fed to the "concast", the computer issues
cutting and storage instructions. The inventory record for all steel output
is held on the computzr file for future reference by productiocn control

The spectrograph machine is directly linked to the computer for direct
interpretation of readings and hence rapid initiation of the cast selection
program,

The use of the computer in this role has provided Western Canada Stecel
a reduction in raw materials cost of 17%, increased production of 5% - further
increases being limited by the "concast" turn-round time. A useful fringe
benefit is the accurate and readily accessed data base for improved shop
management.
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The major disadvantage of this system is that it denies us the
knowledge of what we are likely to produce during any pvarticular tlme
period, in terms of specific orders planned. During difficult market
conditions the system cannot operatz efficiently because of the overriding
priorities of delivery datese

An on-line computer system for cast re~allocation based on “melt-out
analysis and final specification is planned for installaticn in the
Templeborough Melting Shop at Rotherham Vorks. It will be operated via a
remote terminal to the data processing computer centre at the works. Other
works in the Division should consider the scope for such systems and appraise
the benefits within their own operating ¢ircumstances.

Alternatives to Computer Svystems

As far as Systems I and IV are concerned, we can assume that except for
simple cases we must rely on computers for all practical purposes. But for
Systems IT and III, we do accept that there are alternatives to the computer
system based on human controllers aided by instrumentation,
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CONCLUSTONS

We have considered four basic tvpes of computer applications in arc
furnace shops. I am convinced that, in terms of the scope for computer
assistance in arc furnace shops, we have only begun to scratch the surface
of this extremely rich area. Electronic digital computers have only been
with us about two decades. In this short period they have revolutionised
various industrial systems. On this basis, it is reasonable to assume that
within the next two decades computers will play a greatex role in the
productive functions of our companies. In the area of computer applications
for electric arc melting shops, we were in the forefront in the early
sixties, by virtue of the developments at Templeborough. Since then, the
major developments have been in North America. It would be very nice if the
next outstanding achievement in this field is a British one, and preferably
a B.S.C. contribution,

U. MENON
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TNTHODUCTION

This‘project aims to develop a satiéfactéfy system of scrap control
in the leavy Forge., The ciisbing system was evaluated,to gstubliéh ity
cffectiveness and the need for cﬁanges in the existing methods, The
evaluation of scrap control cffectiveness was made by comparing the amounts
of recoverable scrap arising from production in cach quality, with the '

- amcunts that were actually received into stock. The criterion for
.asd0351nb performance is as followss If there are qlﬂnlflcant differences
between recoverable scrap arising and scrap actually received inte stock

under particular qualitioé, then scrap control is ineffective,

The results from carlier attempils to produce }ea%t costh scrap mixes
fox the melting shop, point to unreliable scrap sorting and segregutlon as
one of the factors which makes the recovery of Nickel and Molybdenum fruﬁ
scrap difficuld, and this leauds to the excessive use of éxpensive virgin

alloys.

 ACKNOWLEDGIMENTS

We wish to thank the ¥orge Burners and the Forge Office Staff for

tlieir help and co-operation at various slages of this projects

Reported by : U. MENON and P. HUNTER
Approved by : ;yTC>q&S: cfiib

DISTRIBUTION |

~For Information ‘ Copies to
Mr, J.B. Machin. Mr. J.C. Collins
Mr. F.H. Davis ' . Mro. J.R. Phillips
Mre. J.T. llodson . Mr. E. Worthington
Mr, W.l., Bailey © Mr., B.M., Smith
Mr, R.A. Gascoyne . - Mr, R. Lockey

‘Mr, M. Knaggs
Mr, W.T. Leeming



PRESENT SCRAP CONTROL SYSTEM

The* discards arising from forgings arc hand stamped with the scrap
code. The stamping is carried out by two press operatives* The discards
are periodically transferred to the Forge Burners Bay, where they are
stocked until required by the melting shops. Oversize lumps are cut to

furnace size prior to despatch.

EVALUATION OF PRESENT SYSTEM

The production and scrap records for a 16 week period from
29th March, 1970 to 25th duly, 19/0, were examined to determine the
proportions of recoverable scrap arising arid the scrap actually received
in each quality. The method of determining the recoverable scrap arising
is outlined in Appendix A, The results obtained from this study were as

follows®

itesul ts

The results obtained from the evaluation are detailed

on page 3* The following is an extract from the results.

Loss incurred in ) (Value of Recoverable ~© ( Value of
Stock Values ) ( Scrap Arising } ( Scrap Received

£9780606 - £87108,95

£10697065 in 16 weeks

Lons / Week - £ 668,06
Loss / Ton - £10697e65/6207 tons

" os1 %72



#ESVLTS OF LBYALUATION

Heavy Forpge Scrop

094l Mareh to 25th July, 1970 (16 working weeks)

Type of User Price Hecoverable Scrap , Scrap

[T L BN |

Scrap ~ &/ton ARISTHG 'RECEIVED
SR ' Tons ~Value £ Tons Value £
,.Carpag g 12,85 - 2328 326848 3495 . 4k910.75
lor Mo C w75 1513 22316.75 1105 16298.75
Cr Mo | 13,45 129 1735.05 70 9k1.5
Ni Cr 17,9 - 12 o1k,
NiCr 20,6 191 393k.6
3INLCr - 95.2 52 1310,k
L/NCM + CP . 17.1 . -m86 . 48906 207 353967
iy 18.4 96 1766,k 5
2 NCM 2115 Co58s 12563.1 . 705 14910.75
3 NCM 95,7 573 14726,1 10 257.0
Miscellancous 14.20 - 30,40 B ’ v 118 22745
Mixed 8,0 - ,933 1864,0 497 139760
6207 £97806.6 - 6207  £87108,95
tons o tons - _

The quantity of mixed sérap under 'ARISING', and the quanﬁity'of
miscellancous scrap uwnder 'RuCKIVED!, consists of various abnormal qualities,
A breakdown of the qualities which censtitute Mixed Scrap arising, and

Miscellaneous Scrap received, are given in Appendix B,

OBSERVATIONS

_ Thé differences between the amounts of recoverable scrap arising and
scrap received,; suggest that correct scrap identity ig not being maintained.
The identity slamping on lump scrap ié often difficult to locate and when
located may be illegible or incomplete, An_example of incomplete marking

is 'NCMV!', which without a numeric prefix is inadequate identity,

The stock value losses that have been shovn are only a measure of
~the real losses to the Company. The real losses occur in the Melting Shop
vhen the scrap is used and fails to provide the expected recovery of Nickel
and Molybdenum. Thus the returns from better scrap contrel in the Torge

will be lower mixture costs.



RECOMMENDATIONS

Scrap Jdentification: It is propesed that a better method of

identification be adopted, which will eusure that the markings are clearly
legible and ecasily located. In addition %o the quality cede; thé cast
number and where appropriate low residual markings should be displayed on
the identification, AL these requirements can be met by using a mild steel
taﬁ on which thc codes arc embossed in large letters by a FIMA embosqlng
machine, - The taw w111 be nailed on to the serap lump by a HILTI power

- hemmer which is actuated by a controlled internal exploslon. This method

of identification is being used at some B.S.C. works for ingots and billets.

v The taskvof punching‘the tags and fixing the tags on scrap shall be
assigned to a full time scrap control coperative, accountable to and under the
direction of the Works Scrap Controller, It will be necessary to have one
scrap contirol operative per shift. in thc'Fdrgeo Considerinw the potential
_ SdVlnéS from the work of such operatlives, the credtlon of this job is

Just1f1ed on cost/beneflt grounds,

It is expected that the scrap control operatives will check the
specifications of all material in progréss in the Forge and assign
quality codes on a ratlonal basis as dirccted by the Works Scrap Controller,
This procedure will ensure better recovery of low residual scrap and avoid
" the present nced for sampling.,. The reliability ofAscraﬁ identity,
particﬁlbrly that of low residualbgrades, can contribute towards lower

mixture costs,

Scrap Storage: The stérage areas allocated for stocking scrap are

not sufficient to cope with the range of scrap that is being stocked. It
is proposed that consideratioen be given to:the allocation of more storage
space for scrap in the Siemens and Cogginngill bays. The dismantling of
the Qéton>Davy Steam Hammer will assist the handling of scrap stored
around it. If the North Welding Bay (undervMachine Shop Control) could
be released for scrap storage then it could bg combined with the Hammer

Bay toAprovide adequate scrap segregation.



Illustrations of Hilti*Method at (Hher

ii)

iii)

iv)

Ingot Identification

Rolled Products Identification

Methods of Fastening

FIMA Electrical Embossing Machine

Works

Pago
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2. An identification tag after being fastened.

3. Identification of blooms on a concast run out

table.
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FIMA elecirical embossing nachine Model 8500
A noiseless and rapid embcsser with attractive appzarance, styled to fit into the modern office.

Standard Features:

Particular care has been given to cquipping this machine with a highly dependable electro-
magnetic cluich combined with two ronvenient foot releases for the embossing operation.  This
.makes the FIMA Model 8500 onc of the most efficient wheel type embossing machines on the
market.

90 pairs of cmbossing characters Elite or Pica, consisting of capital and smal. letters, normal and
Biock figures, punciuation marks and tianking-out dies - glarcfree embossing dial - when operating
the line spacing lever the carriage is 1 turned 1o the starting point - plate holder - return key and
spacer - copy holder - control gauge: - tools and cover.

Optional Extras:

Attachment for changing to different plate model - attachmwent for the embossing of selection
pips - tabulator - flare-free illumination for copy holder and embossing dial. Upon request model
8500 can also be supplicd with embossing characters in Block, Double Block, Pica- or Elite-Block

and Pica- or fiite-Double Block,

Available for all plate models.




BOUIPMENT REQUTD FOR PUOPOSED SCRAP TDENTIFICATION SYSTEM

oy 7 rada sn

BUUIDINT 1t TS Fon movt)%’i) "SR TN e L "y Some cuses
residual levels, should be displayed on the tag. The printing of this

information on the tag can be carried out either manua11y using hammer

and dles, or by & powered tan embcsszng macliine.

. The povered embossing machine is preferred on the grounds that
it prints larger end more legible letters than is possible manually,

it is faster and less tlrlng to the oporatlveo

Tag Appllcanzon The tag (mlld steel) will be held temporarlly

by the magnetic head of a HILTI hammcre_ A controlled internal explosion

will hammer a nail into the discard, securing a perinanent identity to the

discard,
VCosts
Tag Preparation
 Menual ' _V -~ Powered
4" Die Set QQO : Fima Electric ). . '
with Iolder ' Lmbossing ¥/C £985

',1V letters

Marking Machine £108.50

- Tag Application

MILTI Power MHammer EL2

Tags, Cartridges; & Pins

200 off per weelt ; £8 per week

Other Anplications for Embossing Machine

The FIMA embossing machine is fest in epersation and will be under-~
utilised if used solely for heavy forge scrap control. It could be used

for producing Ingot Mould Identlty plates, Bin labels, Stores Shelf Labels,
Machine Tool Labkls, etc.

We areAinfoxmed by HILTI that the embossing machine and tag nailing
method are used at other B.S.C. Works: Dorman Long, Consctt, Ebbw-Vale,

Steel Co. of Wales, Ravenscraig, etc.




Appendix 4

Pvaluation of Lxpected Scrap Arising

Let - I

. = Weight of the i*® ingot
. ; . th L
Fi = Weight of. the 1~ forging
Sr = Weight of Scrap Received
-.P = {(Proportion éf-Scrap recovered
: relative to itotal metal removed
in processing.
to; ﬁn = gstart agnd finish tlmev P
: corres sponding to 1 Y and nﬁ forging
Total Metal Removed - ;%. (1. - ¥.)
_in producing n forgings A e | i
i=l ‘

e e @3/ (g wew )

t=to =l

Recoverable Scrap Ariging ;
in cach gquality. Q

i (1 . r.)

This method of evaluation ensures that the totals of expected

erieings and actual peéeipts of scrap are numerically equals




Appendix I

Abnormal Quail tie —Fhdall:: ' +j.y)] M5 ap Arising

Cost Quaily Specification Quantity

Code Group Tons *
29 Cr Cr 1,0/1075 %
37 Mn.Cr Mn. .90/1.6 Cr. 1.0/1.75 1
56 Cr.Mo Cr. 4.0/6.0 Mo. .40/.60 37
>7 Cr Cr .40/.75 33
33 Mn.Cr Mn. 1.2/1.8 Cr. .40/.75 26
47 Ni .Mo Ni 3.25/3.75 Mo .20/.30 40
91w Cr.Mo.V NiO e2/.3 Cr. c25/*35 Mo. .17/*25 6
33 Mn .Mo Mn. 1.2/1.8 Mo. .40/.60 38
25 Ni Ni 3*25/3.75 45
TOTAL 233

Abnormal Qualities which Constitute Miscellaneous Scrap Received

Quality Quantity Value Total Value
(Tons) (£/ton) (£}" - -

C.Cr 29 14.20 411.8

3s Ni 1s 30.40 456

Mn Mo 7 14.55 101.9

C.Mo 17 14.55 247.3

No. 5 Die 50 21.15 1057c5

Total 2274.5



Appendix IIIX

Specimen Print-Out from

"Melt-Out" Simulation Program
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Appendix IV

iStatement of Courses and Conferences Attended

Operational Research Lectures, Sheffield Polytechnic
1969-1970.

Operational Research Society Conference, Eastbourne,
November, 1969. '

Recovery of Secondary Metals from Scrap, Institution
of Metallurgists, University of Leeds, January, 1971.

British Steel O.R., Conference, Harrogate, May, 1971.

4th Special Steels Steelmakers Conference, Harrogate,
Maxrch, 1972,



