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_ ABSTRACT

This thesis is concerned. with the”prcduction problems in

1964/65 of a company manufacturing insulating materials. The

project itself was undertaken at the'requeSt_of the company,

who were finding difficulty in scheduling their production,

particularly of pipe insulation, in two different materials,

using a semi-automatic process.

The thesis has been written in order to demonstrate tﬁe

use of Operational Research Tedhhiques, and to .show that they

follow the same distinct stages as are used in Scientific

Method.
(1)
(2)
(3)
(4
(5)
(6)

These are:-

Assessment of the problem
Collection of data

Analysis of data

Simulation

Preparation of suggested solutions

Continuing check

In the application used, the author's original assessment

is reproduced tpgether:with a critique, and it is shown thdt

after the collection and analysis of data, a redssessment of

the problem had to be made. The conclusion was reached that

(i)



the major problem existed in the equipment used to mould the
insulation pipe-sections: The semi-automatic process included
the pouring of the slurryelike raw material into "mould-blocks",
which comprised a number of mould cylinders of different sizes.
It was the distribution of mould cylinders to the mould-blocks
which appeared to cause the main difficulty in scheduling
production.

By using a scale drawing of a mould-~block section, and
cardboard discs to represent the range of cylinders in section,
a new configuration of mould-block was designed. A simulation
of production, by hand, was carried out to demonstrate that the
new gonfiguration was superior to the existing one, and a plan
was prepared to carry out the changeover with tﬁe least effect
on current production.

Finally, a computer simulation of production was carried
out to compare two different configurations, which could-have

paved the way for the design of the optimum configuration. .

(ii)
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. INTRODUCTORY. NOTE

Arrangement of Thesis

The author has found it necessary to includé a considerable
number of Appendices, inc¢luding diagrams, computer programs and
output, and details of practical work done in the course of the
project. - For this reason he decided to insert these Appendices
immediately following the Chapter to wﬁich’they refer, A look
at the Contents pages will make this arrangement clear.

Bibliography

The author has not employed the”normal'pnactiée.pf
annotating the text of the thesis with references to books
consulted. Instead of this; thé'Bibliographyvat the end of
the text includes comments on nelevancg”and uSel

Commercial Sécurity

Although the author has endeavoured tc conceal the identity
of the Company, and other defails; this information will be
transparently clear to anyone connected with the'Insulation
industry. Reluctantly, thebefore, the author cannot permit
free reference to this-work, if it is approved. for the award
of the degree of M.Sec. Persons wishing:to refer to it must
therefore obtain his permission, which will only be given after

consultation with the Company concerned.
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(a)

THE PRODUCTION SCHEDULING OF THE MANUFACTURE OF

PRECISION MOULDED THERMAL INSULATION IN A CHEMICAL COMPANY

CHAPTER 1 : INTRODUCTION

GENERAL

The project whieh forms the subject of this paper is
one which comes under the general designation of "Operational
Research". For this reason, it is convenient to introduce
the paper with a short account of the science of Operational
Research.

Operational Research (Oﬁ) has been described as the
application of scientific method to management. Many
operational research scientists are unwilling to give a
more precise definition, buf Sir Charles Goodeve has stated
that - .

"Operational Research is a scientific.method of

providing executive departments with a .quanti-
tative basis for decisions regarding the
operations under their control."

This definition is- examined more closely below in paragraph

1(e).

' (1)
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OR can usefully be employed on the smallest problems,
such as the economic introduction.of a new machinej; but for
maximum effect it should have a pervading influence throughout
the whéle organization.

| OR does not necessarily demand the use of a computer,
but there is often a need for a large amount of calculation,
and manual methods may be both inaccurate and uneconomic.

OR is normally carried out by an interdisciplinary

- team. The team may be composed of scientists, engineers,
economists, graduates in arts, and indeed anyone who is
skilled in logical thinking, The wide expeérience of such
a team has the effect of making members produce good,
workable, practical solutions. Witﬂout OR training, a
ﬁathematician may feach an academic answer which would not
work under practical 'conditions, whereas an engineer may
oversimplify-and redch too coarse an answer. Together

: they may intefchaﬁge ideas and produce solutions which would
not have been achieved by either in isolation.

In this project, members of the team included an
engineer, a physicist, a mathematician/statistician, and
research assistants trainéd in physics and computing.

(b) ' HISTORY OF OR

Before the.1939-u5 war; top executives in industry
found very litfle use for scientists except in their
orthodox role. On the outbreak of war, however, scientists
were turned to6 for assistance with military operational
problems. In September 1940, PMS Blackett (later Professor

Blackett), the distinguished British physicist, decided to

(2)



(c)

bring together a numﬁer of men with‘good scientific

training in a number of disciplines, such as physiologists,
ﬁathematical physicists, an asfro-physicist, a surveyor,

and others, to study the performance of gun control equipment
in the field. The group became known as "Blackett's
Circus'". Because their first studies were devoted to the

operational use of radar, and were carried out by scientists

. who had been working on radar research, their activity became-

knowr. as "Operational Research". Two examples of military
Operational Research, one wartime, and one postwar_in which
the author had firsthand experience, aré shown in Appendix
1A. Until 1950, the systematic application of OR was mainly

confined to military problems, but since then, with the

~growth in the use of computers, OR techniques have been

increasingly applied to both industrial and governmental
problems.

OR IN PRACTICE

It is worth looking at the description of OR (see above)
agéin. First, it is described as a "scientific method",
which meanslthat OR is' an organized activity with a definite
methodology of attacking a.problem and finding a solution
to 1it.

Secondly, it is a service to "executive depaftments",
and by this is meant that OR is an applied science, using
scientific techniques to solve a problem, the solution
providing a basis for decisions by an executive such. as the
Managing ﬁirectof of a Company. In the problem under

investigation, it will be seen that courses of action were

(3)



proposed by the OR team, it being left to the Board of
Directors of the Company to decide Whether or not to adopt
them. |

Thirdly, OR tries to provide a "quantitative basis for
decisions". One of the main distinguishing features of
OR is the insistence on the need - and the possibility - of
quantifying any problem. In management generally, too many -
decisions in the past have been taken on "ﬁunch", or with
very little reliance on measurement. OR attempts to quantify
as much.as possible, even to the extent of measuring things
which have always Been considered as imponderables - such
as the value to management of information. So the OR
worker presents the quantitative éspects of the problem in
a form that is understandable to managemeht, indicating
those other aspects which he has not been able to quantify,
to enable top management to take as much as possible into
account in reachiﬁg their decision.

(d) OR IN THIS PROJECT

Sciéntific Method is basically founded on measurement
and falls into several distinct stages:-

(1) Assessment of the problem

(2). Collection of data

(3) Analysis of data

(4) Simulation; or other methods of estimating
causes and effects

(5) Preparation of suggested solutions

(6) Continuing check

It will be demonstrated in the.coursejof this paper

that OR follows the same apprdach;

(%)



(1) Assessment of the problem

At the outset it is necessary to assess the problem,
to decide exactly what it is. In this project, written
appreciations of the problem were made before very much
investigation had been carried out, by two members of the
OR team working on the project. - The autﬂor's appreciation
is reproduced in this paper,. tpgetﬁer with a critique of |
it, written at the conclusion of the project.

In the 1ight of further research, and particularly in
considering the type and quantity of data wﬁiéh is available,
or can be obtained, the problem may require reassessment.
This was the case with the'project under consideration.

(2)"Cdllectidn:df'data

In this proﬁedt-a vast amount of data on production
had been kept and was made available to the OR team. In
addition to tﬁis,'the team collected sufficient factual
data on the equipment being used and its productive capability,
and also data on labour potentiaI; In a parallel study,
sales,figures for demand were made .available, and were used
later in this study. Very little planning information -
such as the Company's efforts at forecasting demand - was
provided, nor were any detailed costs produced, although
these were in mind when the”project was abruptly ended.

(3) " Analysis of data

For analysing the data, tﬁe.OR worker can call on a
number« of tecﬁniques to help him. These téchniques include
linear programming, critical patﬁ analysis and mathematical

statistics. In thefpresent project, thg'main problem was

(5)



that of handling vast quantities of production statistics.
Average figures were used for comparing despatches of the
various "lines" being made, taking into account maximum and
minimum despatches for future planning. In the main,
however, most problems were handled usipg\first principles.
In OR it is the exception rather than the rule to be able

to use techniques such as linear programming. This project

was no exception.

(4) Simulation

The use of simulation techniques in OR is frequently
necessary. This particular aspect is well demonstrated in
the project. First of all, a simulation by hand of
production of pipe sections was carried out, and this was
followed by a computer simulation to compare different
plans. | ‘

A physieal "model" was also used to plan the layout of

mould cylinders in a mould block.

As a result of the analysis, and the simulation, the
OR worker expe¢ts to be in a position to present one or more
possible solutions for consideration by the executive. In
this case, a possible solution was put-forward,'tpgefher
with a plan for carrying it out.'

(6)"Cohfihﬂihg'Cﬁeck

Normally, the OR worker must continue ‘to check the
validity of his model as new data becomes available, and
will also check the carrying out of the plan in practice.
In our study, this was not possible due to the termination

of the contract.

(6)



The following chapters give an account of the course
of the project. The final chapter discusses the results
of the project, and considers what might have been achieved

if the project had been allowed to continue.

- L7)



Appendix 1A

TWO EXAMPLES. OF MILITARY OR AND AN ANALOGY WITH INDUSTRY

An examination of the operational results of the first
use of new equipment often indicates that a slight modifica-
tion of the equipment will make it very much more effeétive;
an example is the development of the use of aircraft as an
anti-submarine weapon. The Germans underestimated the value
of aircraft versus submarines. In the end aircraft-played
a very important part in the deféat of the U-boat in the
Atlantic.

Early in World War II British Coastal Cominand. uséed
ofdinary bombs in their attacks against submarines. They
were obviously not effective, since,they exploded on the
surface of the water, and if they did strike the deck of the
submarine, they seldom. penetrated thevpressurized hull. Depth
chapges were therefore adapted for aircraft dropping. Theée
ensured an underwater explosion, which would be much more
effective. Here ; argument arose as to what should be the

deptﬁ setting. It was not possiblé'to change the setting in

. the aircraft just prior to attack, so that an estimate had to

be made as to the best average setting for all attacks, and
this setting had to be used always.

A number of squadrons set their-depth'bombs to explode

at 150 feet:  Dbut submarines at 150 feet.could not be seen,

and thereforefcould not be attacked! Submarines near the
.surface’wﬂicﬁ'dduld be seen would only be somewhat sﬁaken by
an explosion at 150 feet deptﬁ. The depth setting was next’

reduced to 50 feet as a compromise.’ After a year of argument,

(8)



a numerical analysis was made which settled it.

The fundamentallquestion was the state of submergence of
the submarine at the instant the attacking plane dropped its
depth charge. If a great number of attacks were made when
the submarine was on the surface, then even the 50 feet setting
was too deep. An explosion at such a dépth was too far away
from the pressure hull of a surfaced submarine to have much
chance of causing lethal damage. If the submafine was in
the act of diving, or had Jjust dived at the instant of attack,
perhaps the 50 feet setting was right.

However, attacks after the submarine had dived were much
less likely to be accurate than attacks on surfaced submarines.
Even if the majority of attacks were made on submarines which
had submerged a minute or more. before a depth charge was
dropped, it was not sensible to make the setting best for these-
cases, as the chance.of.success was low anyway. The depth
setting should be deférmined by theﬁtype of attack which had
. the best chance of success. This Qas the attack on the

surfaced submarine - unless this was a negligible fraction of
. the whole.
40% of cases,. theuattack was made on a surfaced submarine,
and in another 10% part of the .submarine was. visible when the
depth charge was dropped: i.e., in half the cases the 50
feet setting was too deep. In the other (less accurate) half,
: the.SO feet setting might have been satisfactory- A
numerical analysis of the chances of success of the  attack

as a function of the degree of submergence of the submarine

(9)



indicated that a change in depth setting from 50 feet to
25 feet would at least triple the chance of success of the
average attack.

The decision was then made to change the depth setting
to 25 feet, and to instruct pilots not to drop depth bombs
if the submarine had alread§ submerged for more than half a
minute. Within a few months of this deeision,.the actual
effectiveness of aircraft anti-submarine attacks increased

by a factor of more than 2.

2. A Tactical War Game

In the early 1950's it was considered important to try
and find out what effects on tactical doctrine the use of
nuclear weapons in the field would have. A "Tactical War
Game" was set up in order tc study these effects. This was
an example of a very sophisticated Model, and a considerable
amount of research had to be carried out before it could be
set up. The historical archives of the (then) War Office
had to be explored, and the statistics of.sucﬁ things as the
outcome of battles in World War II obtained; For instance,
it might be discovered that when a battalion group attacked
a brigade (bigger). group, in*é times out of 20 tﬁe_battalion

~group was successful, each side sufféring a different
percentage of casualties. These statistics took into
account such tﬁings as %hé'achievement'— or not - of”
surprise, the relative merits of the commanders, the'relative
fatigue or morale of the-two sides, and many,otﬁer
imponderables. All such statistics were written into a

(10)



"Rule Book" for wuse when the model was set up.

At the same time; details of the effects of different
sizes of nuclear weapons, exploded at various altitudes,
were obtained from the United States, and tﬁese and other
meteorological statistics were included in the "Rule Book".

The construction of three models wés also put in hand.
The models all showed the same area of European country,
and were layered to show contours, and coloured to show
forests, fields, towns, rivers and communications. Small
pieces were also made to indicate different arms (infantry,
_gunners, etc.) units (companies, battalions, etc.) and
weapons. The three map models were. then set up in three
different rooms, one for the 'Red! force, one for the
'Blue', and the third for ’Control'.. Eaéh side was in
contact with 'Control', by several telephones and also by
'runner!'!

All this preparatory work took several yeafs, at the:
end of wﬁich tﬁe model was ready for the'prospective
participants, consisting of senior afmy officers. Two
such officers would‘be_given command of the 'Red' and .'Blue’
forces, and after a practice ﬁatcﬁ, to:get theffeél of the
method of play, they would each be'presénted with an
opening situation, telling them about.théir own forces in
detail, and certain Intelligence information about the
enemy forces. Tﬁe.game ﬁ;S'usually started at the point
when 'Red! forces were poised ready to attack across the
frontier, and each force commander was asked to make ‘a
written "Appreciation of the Situation", wﬁich was handed

in to 'Control!'.

(11)



The game was then started, moves being made every hour
of "game time". Force commanders, who were able to consult
with "war game exﬁerts", were free to use any tactics or
strategy they chose - although it was interesting to note
that unconventional tactics did not pay off, with some
notable exceptions. Each‘game lasted betweenlthree and
four weeks of actual time, representing only three or four
days of "game time".

By the time that a dozen or more identical games had
been played, certain trends became apparent, enabling new
tactical doctrines to be formulated. In addition, one

~game was played using conventional weapons only, and the
results bore a good resemblance to actual engagements of

a similar nature in Europe -during the last war, which
established a degree of confidence in the "Rules". It is
fortunate that there has been no chénce'as yéf to apply the

lessons learnt to a real situation!

3. '§p Analogy Wifh'IhdUsfry

A military situation has many points which are common
to}industry. A military commander (a manager) may wish to
stockpile shells (products) in order to lay down fire
(tackle a market). The size of the stock will depend on
armament supply (manufacfure of goods) and expected rate of
fire (sales). But now there happens to be an enemny
(competitor) with a.gbod intélligence'serVice"(market
research). He plans his ;ttack, or forms a strategy,
based upon the desirability of taking Eig'action when the |

other side's stocks are low, etc., etc.

(12)



(a)

(b)

CHAPTER 2 : BACKGROUND OF THE PROBLEM

COMPANY ORGANTZATION

This projeet is concerned with a.groub of companies
whose main business is the insulation of boilers and pipe
work in Power Stations, 0il Refineries, Ships and the like.
One of thetgroup - "Company A" = is the main Thermal
Tnsulation Contractor involved in site work, and this
Company normally'employed between 1,000 and 1,200 site
operatives throughout the country at the time of the
project. They were the major customers of "Company X",
the member of the_group responsible for the manufacture of
insulating materials, the activities of which company

provided the problem discussed in this thesis.

' 'STTE WORK FACTORS

At the same time the operatioﬁs of Company "A" have
an important bearing on tﬁevproblem, because of the
particular degree of urgency wﬁicﬁ surroundé their work.
Thermal insulation is usually among the last jobs to be
done on a site. Frequently, due to délays by other sub-
contractors in the course of the project, the main contract
will be behind schedule, and may even be overdue for

completion when . the Insulation Contractors arrive on site.

(13)



(e)

This factor causes a great deal of uncertainty as to
éxactly when the insulating materials are required, and
there is also pressure from the main contractors for an
unéconomically large labour force to be deployed in order
to rush the completion of the project.

Due, therefore, to the difficulfy of forecasting
exactly when the materials are required - and in fact even
the exact sizes and quantities - the manufécturing.company
may have a sudden, HeaVy demand placed on it which, under
prevailing conditions, it is not capable of meeting. This
causes emergency measures to be taken, which throw into
chaos the production planning and scheduling which has been
done. It also resulted in 'ad hoc! additions and improve-
ments being made to the manufacturing facilities to get
over each_particular crisis, instead of doing this on a

planned basis.

- MANUFACTURING PROCESS

Essentially, Company "X" employs a moulding process,
similar in some ways to foundry work but very highly
automated, to produce the insulation. Originally howeveér,
the insulation was made by hand, using very primitive
methods; indeed, even today a small but significant
proportion is made in this way, and one of the byproducts
of ‘this study could have been the poséibility of finally
abandoning hand methods.

For the automated process, two materials are involved
(For notes on the chemical process see Appendix 2A). The

first, known as "SUPERMAG", is based on magnesium carbonate;

(1)



it has been in production for several years, and demand for
it remains steady. The second, called "PARATEMP", is
based on calcium silicate; this has only been in production
since 1963, but it can insulate up to Higher temperatures;
it is more costly at present, but demand for it has increased
steadily, and this tendency is beéoming more marked, in
consequence of which its Price should become lower.

The process is illustrated diagrammatically at
Appendix 2B. After a chemical process carried out elsewhere
in the works, the raw material for both types of insulation
arrives in the form of slurry. This is stored temporarily
in stock tanks high up in the building where manufacture is
carried out. This slurry is drawn off into buckets suspended
'from a monorail system (see Appendix 2C). The operator in-
charge can select the weight required for the particular
- mould-block he is dealing with, from a central console.
The required amount of slurry is then automatically weighed
and tipped into a monorail bucket, and conveyed to one of
the twenty-three stations which aré set up to receive it.
The raw material is automatically tipped from the monorail
bucket into a funnel at the top of the mould-block, which
is controlled by an operator on the floor below. Aftgr
steam heating for a controlled period, the slurry solidifies,
forming pieces of wet insulation. These are removed by
hand and placed on bogies. The supermag pieces afe taken
straight to drying stoves, located in batteries in tunnels,‘
each served by a separate heating system. The parateﬁp
insulation has to go tﬁrougﬁ an extra process in an autbclave
to complete the chemical reaction, before being taken to

the drying stoves.

(15)



(d)

The number of drying stoves has been increased from
time to time as required. At one stage it was considered
necessary to increase the size of the tunnels, so new ones
were built to this larger size, and wider bogies were
acquired, which will not fit in the older tunnels. This
is an example of -the way 1in which the facilities have been
added to, making scheduling and planning more difficult.

The two materials - supermag and paratemp - must be
dried in different tunnels,.and:the pieces of insulation
remain there for about oné week. As the previous process
is carriea out in a matter of hours, a considerable quantity
of insulation is stocked in the drying tunnels, and this
stock is not taken into account until it leaves'the,tunnels.
When the drying process is complete, the'pieces.of insula- ’
tion are put onto a conveyor for finishing. This consists
of trimming, cutting to size, splitting the pipe sections
in half, and very often machining the.surfacés to an accurate
dimension. Some of this work. is done by machine, and some
by hand. The finished pieces are then packed, either,for.
despatcfl or for stlor_age.

TLABOUR FACTORS

The_plant discussed above normally used to work on a
five-day, fifteen-shift week. . Each sﬁift was composed of
a foreman and six men, and the shifts ran from 7 a.m. Monday
through to 7 a.m. Saturday. In each 8-hour shift, the
first 63 hours was spent on production, and the'ﬁemaining
13 hours on cleaning out the mould-blocks and other equipment.

A group bonus system was in operation, and the'shifts
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(e)

rotated each week, so that the night work and early shifts
were shared out fairly. The size of shift employed was
sufficient to cope with the demand which then existed, and
indeed to increase each shift by even one man would have
been uneconomical, bearing in mind the extent to which the
whole process had been automated. The teams dia produce
a large amount of insulating material, and it would have
been almost impossible to obtain a pro rata increase with
one extra. So the tendency was for men to-work overtime
at week-ends Whenlextra production was needed, or for the

extra quantities to have been made by hand methods.

EQUIPMENT FACTORS

The mould-blocks used to form tﬁe insulation were
extremely complex and therefore expensive pieces of
equipment. Both the blocks and, in the case of pipe
sections, the cores, were extensively ﬁacketed, as steam
heating is required to complete the chemical process (in
the case of supermag) and to cause the slﬁrry to solidify.

Each mould-block was designed to contain a number of
individual mould sizes, each producing 3 feet lengths of
insulation. There were two main types of block in
existence, "slab moulds" prbduqing slabs of insulation for
flat and slightly curved surfaces, and "section moulds"
producing insulation for pipes of a range of diameters
from %%" up to 8%". The range of thicknesses produced
was 1 inch, 11 inches, and 2 inchgs; with a small number

at 23 inches and 3 inches.” Out of a total of 25 mould-

blocks, 9 produced slab insulation, and 16 produced

(17)



sections. The blocks producing slabs were relatively
simple in design, but each section block, with few
exceptions, catered for a range of different sizes. The
range of mould-blocks are shown.diagrammatically in detail

at Appendix 3C.
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Appendix 2A

NOTES ON THE CHEMICAL PROCESS

SUBERMAG

The raw material from which supermag insulation is
made arrives at the moulding process in the form of a slurry.
The chemical composition of this slurry is mainly Magnesium
Carbonate Triﬁydrate - MgC03.3H20 - which has a crystalline.
structure in the form of Hexagonal prisms. This, 'at -the
time of the project, was mixed with 15% blended asbestos
fibre to increase the strength.

In the moulding procesé, the slurry is heated under
pressure to a temperature of 210°F, which causes chemical
change to take place. The Magnesium Carbonate Trihydrate
decomposes, giving off Carbon Dioxide, forming light basic
Magnesium Carbonate - uMgéoerg(OH)z}quo. This'material
has quite a different crystalline structure, forming
acicular crystals, shaped like long needles. These

needle-like crystals intertwine and knit tpgether, and with

. the asbestos fibre, ratﬁer like the.stnucture of a bird's

nest, and in doing so trap a large quantity of air, which
is of course the insulating agent.
'The lengths of time, and the temperatures, in the moulds

and in the drying stoves are critical to the correct

. formation of the acicular crystalline structure. Drying

takes place over a period of about one'week,‘the'tempeﬁature
at the start being.ZIZOF. This temperature is gradually

raised to a maximum, at the ‘end of the process, of 236°F.
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This insulating material is only capable of insulating
up to 600°F. Above this temperature, the water comes out
of the crystals, causing'the insulation to break down.
PARATEMP

As with supermag, the raw material arrives at the
moulding proceés as a slurry, the chemical composition being
Calcium Silicate in the form of artificial Tobermorite
crystals (ﬁydrated) - so called because the natural:méterial
is found in large quantities at Tobermory in Scotland.

During the moulding process, the slurry is heated
under pressure, which causes it to solidify, but no chemical
change takes place at this stage. Tﬁe wet pieces of
paratemp, on rémoval from the moulds, Have to be handled
extremely carefully, and placed on the bogies in an inter-
locking pattern, and carefully supported so thaf they will
not warp.during'the remainder of the process. |

From the moulds, the pieces of insulation are conveyed
on the 5Qgies to the autoclave. Here tﬁey are subjected
to a pressure of 190'p.é.i., and heatéd in steam at a
temperature of 380°F for seven hours. During this period,
chemical chénge takes place, from Tobermorite cryétals.to
artificial Wollastonite crystals, which are anhydrous.

From the autoclave, the paratemp is taken through the
same drying process as for supermag, although there is not
the same need for rigid care with the drying temperature.

Paratemp is a satisfactory insulant up to 1200°F.
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Appendix 2b
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Appendix 2C
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(a)

CHAPTER 3 : PRELIMINARY WORK

APPRECTATION OF THE PROBLEM

At a first meeting with the Managing Director and

Directors of the Company the situation as presented in the

first two paragraphs of section 2 of this paper was
expounded, and also an explanation of tﬁe problems confront-
ing the Company. As a result of this, and before
examining the factory, an appreciation of the problem was
written, a copy of which appears at Appendix 3A, together
with a critique of it, written after work on the project was
completed. | -

This paper shows the First thoughts on the subject, and
the critique shows to what extent ideas were changed as a
result of the investigations. In particular, attention is
drawn to paragraph 4 Conclusions (a) and (D). The influence
of computers on Operational Research methods was not .
appreciated, and these . coriclusions were incor;ect in the
light of the current facility for attacking problems on a
wide front using the power of the computer.

A paper of this kind is a useful starting point for an

OR study. Although some conclusions turned out to be wide
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of the mark, others - such as Conclusion U(e) - pointed the
way in which the project would progress.
After this first paper, work was concentrated on gettihg

to know the complete picture of production.as carried on at

- the factory. Visits were made and discussions held with the
Works Manager and members of his staff. The production
process was carefully examined from start to finish, as
described in sectioni2. A visit was maae to a typical site -
a Propane Reforming Unit. Tﬁis.visit, which is reported in
Appendix 3B, gave a valuable insight into the way in which
insulating materials are used on site. The-difficulty in
forecasting the exact requirements of insulating materials
was appreciated by this practical inspection.

(b) AVAILABLE DATA

During the visits to the works, various documents were °
obtained, giving details of recent and cﬁrrent production,
and data about the equipment used. These documents, which
are described briefly below and of which relevant extracts,
where necessary, are appended, comprise:-
Mould Data Sheets and related papers. Appendix 3C
(relevant extracts)

Chart.giving location and composition of Mould
Blocks

Summary Record of despatches of supermag and paratemp
1960-1964 inclusive. Appendix 3D is an example
of the amount of data for one of -the two materials,
although the actual figures were different. This

Appendix was prepared for a case study on the project.
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}
Master Production Stock and Demand Sheets.

Appendix 3F
Utilization of Existing Moulds by Core-changing.

Appendix 38 (abridged)

The Mould Data sheets_gave details of the mould-blocks,
in which the pieces of insulation are made. kelevant
extracts have been taken and are recorded at Appendix 3C.
As was explained in chapter 2, most of the mould-blocks are
capable of making more. ‘than one size of insulation, the
.exceptions being blocks X, -Y, Z.. The details regarding

. thickness, size, and number of cylinders in each block, are

shown in the,finst four columns of Appendix 3C. The next
. two columns show the dry weight of insulation, followed by
. the number of eycles per week. Less paratemp is -produced
. due to the extra process in the”autoclave, as already

described. The next columns show the output per week.

This chart_gavé a complete pictorial représentation of
each mould-block and the. station at which it was normally
. used. The informatioen, as far as pipe insulation is con-

. cerned, is shown in the last two columns of -Appendix 3C.

A suﬁmary of the monthly deSpatches of supermag for
the.years 1960 to 1964 inclusive was provided, together
with the.actual records of despatches_for each cost period
(4 weeks) in the ' years. concerned. The Summary is shown.

in tﬁe,form_of Appendix: 3D, which was produced for a case
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- study based on this project, the figures having been corrupted
to avoid prejudicing commercial security. As can be seen,
there was a mass of factual data contained in these records,
and the summary gave tﬁe'maximum, minimum, and average
quantities despatched for each pipe size in 1 inch, 11 inch
and 2 inch thick insulation per cost period of four weeks.
The summary also.gave'despatcﬁes of 23 inch and 3 inch thick
insulation for 1964 only.

For paratemp, the summary was only for the two years
1963 and 1964, for each thickness from 1 inch to 3 inches,
tpgether with the actual records of-despatches for each cost
period of four weeks.

Fromvthese'records charts were produced of despatches,
the most important being tﬁefdeSPatches of 1 inch thick and
13 inch thick supermag, which is showﬁ'at Appendix 3E. The
main conclusions from examining these charts are:-

(a) The big variation in quantities deSPatched

between pipe:sizéS;

(b) The ratio of maximum deSpatch to average

deSpatch is less than.Z'in thé'casefpf
popular sizes, but is much.greater in the -
: case'of-the'leSs pepular sizés; Fore-
' casting‘thefdemand_for iess populaf sizes
.will bé'éorreépondingly more difficult

~due ‘to the large variations in demand.

These'sheefs'are'produced by the'works each week, and

are supposed to show the.quantity of insulating materials
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actually manufactured during the past week, together with
the potential capacity (supermag only),.the quantity in
stock, and the quantity on order. The f;gures shown did
not include the quantit& in the drying stoves, which
amounts to about one week's output, so althoggh the records
~give an indicatien of the performance of the.work, théy do
not show the wﬁole picture. One sample sheet for supermag
and one for paratemnp is shown.

Core—changihg (Appendix 3G)

The ihportant concept of core*changing Has already
been mentioned, both at the end of chapter 2 and in Appendix
3C. The priﬁciple is that, in any mould cylinder, the core,
which forms the inner surface of fﬁe moulded insulation,
should be capable of easy removal,land replacement by a core
of a different diameter. The diagram-which follows
illustrates ﬁow different thickneSSes can be produced by

this method.
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1 inch thick

16 dia.
(pipe dia.)

. 14)
1 inch thick by 1==

11 inch thick

" 1% inch thick by %%" dia.

(pipe dia.)

: ) . . il
The diagram shows how the same mould, of radius 1%% , can

: : : Cqn
produce insulation of either 1 inch thickness for 1L diameter

16
. . : C1n
pipe, or 11 inch thickness for %% diameter pipe. In the same

wWay, with the larger sizeé,_it will be apparent that, from the
same mould, 1 inch thick, 132 inch tﬁick, 2 inch thick, 2% inch
thick, and 3 inch thick insulation can be produced by herely

changipg the cores.
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(c)

The chart at Appendix 3G shows how important this

concept is, and indeed it has been a major factor in the

-study. Until this project was started, core-changing

was used to only a very limited extent aé shown in Appendix

3C, last column but one. But at Appendix 3G it can be

seen that, in many cases, four and even five different sizes

of core could be used in any one cylinder. Thus a cylinder
\

producing insulation of 1 inch thickness for a 5 inch. 0.D.

pipe could produce 13 inch thick insulation for a 4 inch 0.D.

pipe, or 2 inch thick for a 3 inch 0.D. pipe, or 21 inch

thick for a 1%% inch 0.D. pipe, or finally 3 inch thick

. . 27
insulation for a 37

inch 0.D. pipe, by using this principle.
Many of these sizes were not being made by precision moulding,

so the Company could have greatly increased its range of

‘products by this method.

OBSERVATIONS ON EXISTING PRODUCTION

The examination of the documents took several months;
bearing in mind the need for constant consultation with the
Company. It becameé clear that, under the arrangements then
in force, it was only possible to satisfy the customer at
the expense of the following:-

(i) Limiting total production to accommodate
short runs for urgent orders.

(iij Producing unwanted section sizes, or further
limiting production by "blanking off" (see
below) parts of mould-blocks.

(iii) Holding unduly large stocks, particularly -

of unpopular sizes, which mainly consisted
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of the larger varieties, and which therefore
took up a great deal of stofage space.

(iv) Not using all mould stations to the best
advantage.

(d) REASSESSMENT OF THE PROBLEM

The-problem now appeared as a combination of production
control and stock control. Due to all the reasons already
discussed, the production plan has to be modified continually
to cope with rush orders,.and at the same time, stocks of
less popular sizes are liable to increase, and may lie dormant
for months and even years.

In the case of pipe insulation, the pattern of demand,

. by sizes, waé most irregular (see Appendices éD and 3E),
althougﬁ gertain lines were consistently'muchrmore popular
than others. The variation between maximum, average, and
minimum production in cost periods (4 weeks) is also of
interest. Popular sizes show only aﬁout 100% difference
between aQerage and maximum despatches, whereas those_for
which demand is normally small show several hundred percent
difference: e.g. from Appendix: 3E

- "
for supermag: Popular - 1 inch x l%%

Ratio of maximum to average .is about 1.5 : 1

Unpopular = 1 inch x 7"

Ratio of maximum to average is about 8 : 1
This indicates that, for an unpopular size, a large order
would arrive once in a year, whereas during the rest of the
year, very little was produced.

In fact, out of the.23 stations used for both slab and
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(e)

pipe section production, only about 16 would be in use at
any one time. There were. various reasons for-this,
including: -

limitation in the production of the raw slurry

monorail capacity

manpewer available

time required to change mould-blocks

problems conheéted wifh”using two quite

different raw materials:

time for corééchangipg

time for ;ltering "blanking off" (see below)
From this examination, the'problem seemed to be as follows:-

First, what would be the best method of producing the

various types and sizes of pipe insulation? °~ THE PRODUCTION

" PROBLEM.

Secondly, what stocks of each type and size should be
held as a minimum, in order to achieve the minimum delay in

satisfying.a customer's order? ~ THE STOCK PROBLEM.

This paper is concerned mainly with the first - the

Production Problem.

" THE PRODUCTION PROBLEM

The terms of reference of tﬁe study excluded detailed
consideration of any part of’the factory process before or
after the moulding stage. .(Note that it is not normai
practice for OR studies to be restricted in this way.) It
was therefore.agreéd with the Company that the main object
of study in the works would be the problem of the optimum

mould-block configuration. The aetivities of the Sales
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Department, of course, have an important influence on
production problems; in such things as the definition of
delivery dates, but it was decided to take_these as given
facts of the situation. At the same time, a data-
processing operation for the Sales Department was in
progress, some results of which are used in this report.

From these preliminary investigations, then, it was
decided that one of the basic production problems was the
lack of flexibility caused by the arrangement of moulds ing
the mould-blocks. It was clear-that, like "so many other
parts of the manufacturing process, the mould-block
arrangement had developed through force of circumstances,
and in its exisfing state was causing these limitations -
i.e., ubgent orders interfering with;;fficient production,
unwanted - and usually large - Secfion“sizes being produced
because of the particular arrangement of moulds in blocks,
unduly large stocks.being held, and mould stations not being
used to the maximum.

It was felt that an examination of the'mould—block
system for pipe insulation would yield fruitful results,
and first thoughts on the projedt were to éonéider the -
possibility of changing mould blocks as required, or of
changing cores or liners in mould-bléocks to vary production.
A configuration of mould-blocks was required wHich.wohld
~give at least as good service to the ‘customer, ‘but at the
same time would

reduce costs
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enable production control to function effectively

cut down stocks if possible

increase the range of thickness which can be
produced

eliminate, or minimise, production of unwanted
section sizes

avoid, or-minimise, "blanking off" (see below)

"DETAILED'COM;IDERATI?N’OF'MOULDJBLOCKS

It was clear that the first task was to examine the
existing distribution of moulds within mould-blocks, and
see in what ways they were inefficient. To do this, a
detailed explanation of the existing mould-block distribu-
tion iS'needeaﬂ

 The size of each mould-block is: - 1ength'44 ihehes;
normal width 16 inches, deptﬁ 48 inches. The blocks
concerned with ‘the manufacture of pipe insulation number
sixteen, and are lettered as follows:-

V W.2 Y X ¢ DETIGTFHMUJZKN
- the order in which they are listed in the”Data sheet

(Appendix 3C).
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The composition of the mould-blocks has been
re-tabulated with respect to 0.D. pipe size and thickness of

insulation, in the following table:-

0.D. Pige  Thidmess
(inches) | 3 inch . |.. 1% inchl|.2 inch |2} inch|3 inch
11/16 V(2) - N(1)
27/32 W(a) I(1) N(1)

11/16 | W(9) |V(3)+6(1) | NT(1)

1 11/32 7.(16) G(1) N(1)

1 11/16 V(T) a(1) NT(1)

129/32 | Y(1W) F(1) N(1)

2 178 V(2) (1) Nt 1)

2 378 X(14) F(1) JCLY+N(1)

2°5/8 | ¢ | HA) | NT(QD

3 c(3) G(1) F*(1)

31 C(3)+H*(1) F(1) J(1)

4 e | H(L o BE(L L L
41 c(2) F(1) J(1)

5 D(1) H(1) I#(1)

51 D) | e(1) | J | |
6 ; E(1) I(1) M#®(1)

6 578 E(1)+G*(1)| F(1) K(1) K%(1) | K*(1)
7o B M MEL) O p
73 E(L) I(1) K(1)
8 D(1) M(1) M(1)

8 5/8  [D(L+I*(L)|H(D+K* ()| X1 | |

* by core change
+ by "scraping" - a machine operation which increases the
internal diameter of the insulation, decreasing its
thickness slightly.
From this table, and from the'mould-block,defails_given

in Appendix SC, it can be seen that mould blocks X, Y, and Z
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I ". . l .
had respectlvely 14 x (1 1nch X 2%_ 0.D.), ‘1% x (1 inch-x -

29" 11"

.-l§§ 0.D. ), and 16 x (l 1nch X 132 O.D.).mould eylinders:

in them. The remalnlng thirteen sectlon moulds had a mlxture-'~i

of dlfferent sizes of mould cyllnder in them: e.g. Block V=
paR |

‘had 2 x (1 1nch x %% 0.D.) plus 7-x (1. 1nch X l16 0.D.)
114 L1 L
plus 2 x (1 1nch X 2% 0.D.) plus 3 x (l inch x llé- 0.D.)

mould cyllnders.'. Conversely, to make 1nsulatlon to fit
- 33" 0.D. pipe, 1 1nch thlck could be made from Mould Bloék C. ,;
(3 cyllnders) and H (1 cyllnder by core—change) l% 1nch . .
thick from Mould Block F (l cyllnder) and 2 inch thick from B

_Mould Block J (1 cyllnder) S

o 2 & % 9 L3 _
e orr . . | 0000006 |
' Al'though'it was poss‘ible"' S 9 Q ? C; 9 Q C;z
to vary productlon by blanklng R _ o
of £ cyllnders, only. certaln ,Hi]_ '\\\ thne!' 3 -
. Blﬂh“k% T : L - 6lﬁ-h¥id -
cylinders in a block;could be " ofe [TV T e de
- S g IRRLATIRnNE : Section - -
excluded in thls way. The ; _: LRl ! | .A“. :
. - ) | g I | o
bones that could be blanked off . i :_'l | !. ! '
most easily were those on'the" a
! extreme ends of the mould-block, - ! )//A\\\ S
R - el Blanied\ .
e.g. nos. 1 and 2, 13 and 1% in IEHINCETHIH T
B ) . .- I ' : H 11 Sec_hqvﬂ
the Plan. A group in the . centre : ! : : I : : ‘B '
) . . . . . ! ' ' )
- could also be cut out, e.g. nos.- REIARINAR AR I8
' CNoI‘ 4o See le)

‘7 and' 8, 5 and 6, 9 and 10.
The reason for this was meohanfcal: fhe exfreﬁe ends could
be blanked off by narrowing'fhetfunnel thfough whieh'the

- slurry enters the block = see’ Sectlon A - whereas the central
cyllnders could- be blanked off by d1v1d1ng the funnel in two -

see Section B.




The designers of tﬂe mould-blocks, therefore,.had to
exercise great care in selecting the phySical layout of the
cylinders in those blocks othér than X, X_and Z, to enable
any possible control over the sizes made to be exercised.

At the same time,- of cburse, the whole system of blanking
off was uneconomical in that it necessarily entailed cutting
down the volume of preduction, as the cycle time was the

same however many cylinders in a block were utilized.

" (36).



Appendix 3A

A CHEMICAL COMPANY STOCK CONTROL

éppreciafionfgf tﬁe’ProbIem

" ‘Appreciation

OBJECT

This-paper.attempts.to
state some of fhe problems
which will have to be
examined in this study, and
hence to examine the data
which will be required, and
the method of tackling the

study as a whole.

Critique-

The original appreciafion,
written in August 1964 at the
beginning of the project, is
examined, paragraph by paragraph,
concluding with a general

appraisal.

This was a statement of the
need for writing this

appreciation.

FACTORS

The obﬁect of the whole

study is to determine what,
under present conditions,
the level of holdings of .
stocks of the various sizes

of pipe insulation' sections

(37)

At this early stage of the
project, it was desirable to keep
the terms of reference as broad
as.possible. A better object
m;ght have been "to determine

what strategy should be pursued



Appreciation

should be, and how these

Holdings should be made to

. vary in the future, when

requirements alter.

Conclusion (a) An examina-

tion of the production and

expenditure of the various

sections, over. the past few

years, is required with

'particular reference to the

fluctuations in the levels
of stocks held, from time
to time.

Some exami-

nation of any likely altera-

tions in demand in the future

is required.

' The demand

Demand for insulation

sections comes principally:

from sites, where work is being

carried out by sistér companies,

or subsidiaries.

working conditions -

" Conglusion (b)

Due to site

- Critique

in the factory -in order to cope
with a fluctuating demand for a
wide variety of products". As

will be seen, the scope of the

project was in fact widened later.

The examination

of the’pfdducﬁlon over the past

few years was in fact carried out,
and was the basis for many of the
recommendations. We were not

able, however, in the course of

_this proiect, to examine

This would have

been the'next ﬁob.

Considerable

discussion of the”future require-
ments for iﬁsulafion materials was
held with tﬁe'management, and our
conclusions were taken into account

in the final analysis.

This factor was correctly
stated and needs little comment
now. The coneclusion is however
somewhat restrictive, and tends to
assume the result of the

investigation.



CfitiQUe

Appreciation

especially the fact that
insulation engineers being
last on site, are usually
late in starting work, it is
not possible to. anticipate
requirements due to the
bulky nature of the materials

and_the limited storage space.

lines the need Ffor the study.
An optimum level of stock
Holding is required in order
that the bulk of tﬁe require- '
ments.for'any particular sité '
may be.despatched with the |
minimum of delay,. the balance
being found from current

production.

'Tﬁé'i&fiefy:df ﬁipé'ihsulatidniSECTIOhs

There is a hpgeﬁvariety Again, the factor is
of insulation sections. Pipe ' correctly stated and was verified
sizes themselves. vary greatly, in the course of tﬁe“study.

and then thefe:are'behds of

. various shapes,.different thick=

nesses, different materials,
and many other.varieties.
Conclusion (a) The initial Conclusion (a) This conclusion -

study will have to be ‘confined restricting the'initialtstudy to
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Appreciation ' 'C:r'i"t'ig'ue
to a small proportion only of a small proportion only of the
the different varieties, as different lines - was questioned
there will not be time to at the time by the project leader,
examine the "tﬁrough—put" of on'30couﬂt of the ability to
every single size and type. tackle such problems on a broad

front, with the help of a com-
puter. In the event, alfhough
at first not much use was made of -
tﬁé.computer, it was found neces-
sary. to consider the whole range
of products, as this was the root
of the problem, and entirely
wrong results could have been
réached if this narrow approach.
had been. used. Tﬁis.also points
. to the'adVantageﬂoﬁ team work in

solving OR problems.

"Cdﬂdlusidn'(b) The method of ~Coneclusions (b), (), (d) derive
selecting this proportion from conclusion (&) and were
shoﬁld be to sort out the similarly put aside.

whole production into classes
according to total production,
and then to take random samples
of each class in proportioh

to the total number produced

of tﬁaf class.

(40)
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Conclusion (c) The storage

space available would also Eave
to be reduced proportionally.

Conglusion (d) Referring to

factor 2 (data required), an
overall picture of limited
produétion and deménd will be
required to set up the study,
but more detailed data of the
samples to be examined will be

necessary.

" Conclusion (e) The wide

variety points to the need,

if possible, for flexible
production methods (i.e.. the
ability to switcﬂ.quickly,from

one size and type to another).

" Site Work

Locations of sites are
widely distributed tﬁroughout
the country and possibly
overseas. Business has
recently changed from large
contracts, and consists mainly'
of small orders. This trend

may continue.

(41)

Critique

‘éonelusidny(g) This was an

important conclusion and had
considérable effect on our

thinking.

An important factor,

correctly stated.
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Conclusiqn'(a) The wide dis-

persion of sites must be taken

into account, and in parti-
cular the transit time
required for materials to
reach sites. Data will be
required from the Company of
the effect this transit time

has on stock Holdings.

" Conclusion (b) The wider

dispersion of business will
make the despatch of stores
more difficult, and it will
also affeet the type of
insulation materials being
used. This trend over the |
last few months will'ﬁave to
be examined asla basis for
forecasting-futuré'requireé

ments by extrapolation:

Two methods of manufac-

ture of the pipe sections and .

slabs are at present being
employed concurrently.
These may be described

briefly as the "Hand" method

'fCrifigue'

" Conclusion (a) The effect of

transit time on stock holdings
was later found to be less
significant compared with other

factors.

Conclusion (b) Although this

conclusion was. valid, the direc-
tion which our work led us made
it less important than was

expected at this stage.

/
As stated, the "Hand" method
of manufacture enabled a degree
of flexibility to be retained in

the production plan.

(42)
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and the "Machine" method.

The intention of the Company

is eventually to discontinue

the "Hand" method and replace
it by expanding the "Machine"
method.

" ‘Conclusion (a) At Ffirst

sight this alteration,
although economising in
labour, would make production
even more inflexible_than.at
present. (It is costly and
time-wasting to change the.’
output of machines in the
"Machine"'methdd. The "Hand"
method is more flexible as .it
only takes a few minutes to |
cﬁange output. Current pro-
duction is thgrefore geared
to make the sizes in’ greater
demand by machine,’ filling in

wherever necessary by hénd.)

See also Conclusion u(e).

records, it is~hoped, will
distinguish between "Hand"

made and "Machine" made

(43)

Conclusions (a) and (b)

Critique

The

Company did not discontinue the
"Hahd" method during the course
of_the project. The recommended
sdlufion introduced'flexibility
into the "Machine" method, thus
enabling the "Hand" method to be
discarded later.  Although
desirable, the main production
records did not in fact

distinguisﬁ between the two -

methods.

!
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insulation sections. The
Company should be dissuaded
from changing over completely
to Machines until the effect:
on the stock problem Has been
assessed.
Costs

Production costs bj both
methods, Storage costs,
Transport costs, Handling

costs, and any.otﬁer relevant

costs will have to be examined.

have to be obtained and alloc-
ated to the samples under
detailed examination. Their
respective effects on total
costs will have to be measured.
For instance, the ‘trend to
more, smaller contracts, and
the.Company's intention to do
away with "Hand" ﬁanufacture,
may both point to the need

for greater storage space.

Cfitigue

This'factor was indeed

. valid, and the next phase of

the investigation would have

been to examine costs.

" Conclusion All these data wili"Cdnclusion refers again to

samples - see 4(a) above.

In order not to have to It is, of course, important

start from "scratch", it will . to examine all literature

be necessary to obtain relevant to an OR investigation

S (4y)



Appfeciation

information on the Stock

Control Problem from other.

sources, espepially from indi-

viduals and other agencies who
have carried out work on the
problem. Some possible
sources are listed below:

a. DSIR Operations Unit, State

House, High Holborn,A

London, W.C.l

Purchasing Officers Associ-

ation, York House,

Westminster Bridge Road,

London, S.E.1

Operational Research Society

d. Other Universities

(Dr. K.B. Haley, Birmingﬁam

Uﬂiversity, already
approached)

Aufhors:

Vazsonyi: Scientifiec Program-
ming in Business and
Industry. Wiley 1958

Burbridge: (writes articles

in journals)

' Conclusion An immediate start

should be made ‘on obtaining as

much help as possible from these

sources.

(u5)

Cfitigue

before !'plunging in". In this

' case, sevéral reports by the

DSIR Operations Unit were read
(see reference at end of report)

and other books on the subject. |
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critique

SUMMARY OF CONCLUSIONS

(a) Due to the wide variety
of insulation sections, it
will be necessary to confine
the study to a small "fandom"
sample, which will be trﬁly
representative of the.total
"population™.

(b) Storage space will be

assumed on a "pro rata" scale.

(1) To set up the'study,
a broad picture of produc¢tion
of gll varieties, over 2 or 3

years, is required, in order

. to sort out varieties into

levels of production, .and
hence to arrive at a "random"
representative sample.’

" For tﬁe'éample'Study

(ii) Production, demand,

and stock levels over at least -
- 3 years - to include trends,
i.e. those iterms whéﬁdﬂconshmp—

- tion is reducing, or increasing;

or tending to remain. constant.

(iii) Production data

must discriminate between "Hand"

(46)

This summary was, of
course, writteﬁ around the
proposal to ponfine the study to
a small sample. -Taking the
study to éover all the various
"Lines", we find that paragraphs
9(e) (i), (ii) were done, (iii)
the problem of flexibility was
a major consideration, (iv) the
effect of demand on production
was constantly under review,

(v) costs were not in fact
examined in the paft of the
proiect that is covered by this
thesis, (vi) altﬁougﬁ mgch |

reading was done, no help was

actually "sought", as the

problem turned out to be special.
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method and "Machine" methods

of manufacture, to assess the
effect of stopping "Hand"
production, and the consequent .
effect on flexibility.

(iv) Distribution data -
the effect on stock levels
required due to transit time,
and the changes caused by the
change in business. Will
demand continue to alter, and
if so how will this affect
production?.

(v) Costs of production,
storage, transport, handling,
ete. will be required over the
same period, to examine their
effect on storage capacity.

(vi)“Othef sources
should be apprdached for help

(see Factor 8).

(47)

Critigue



Appendix 3B

VISIT TO A PROPANE REFORMING UNIT

Date: ' Thursday 6 August 1964

" Conditions on site: Poor = drizzling and muddy underfoot

Object of visit: The object of the visit was to see

typical site working conditions, and
in particular the problems of site
control and supervision

Description:

The party consisted of the local Manager of Company P L
Mr. G.W. Hannan, Sunderland Technicai College; and myself.
| Work on site was proceeding on two main methods of
insulation. First we saw a large cylindrical tank being
insulatéd by means of foamed polyurethane. Formwork had been
erected round the tank, and the insulating material, which
arrives on site as two different liquids contained in drums,
is pumped into the formwork in the correct proportions. On
mixing the two liquids, the material sets into a hard sbonge-
like substance with very good iﬁsulating properties. ‘

The problem'with this material is connected with its high
cost. Only responsible individuals can be entrusted with the
job of'using the material, as'any mistake in the proportions
of each liquid used could involve the Company in heavy_losses
financidlly. This method pf'insuiation is comparatively Pew-=
not more than two years old. |

The second method of insulation being used on the site

was-the use of the more standard materials,.such.as'BS% Magnesia,

(u8)



and Calcium Silicate ("Paratemp") for the insﬁlation of outdoor
ﬁipework,-ducting, outlet flues, valves, fractionating towers,
ete. Considerable problems exist iﬁ this‘éort of work. The
éustomer usually requires work to be carried out progressively,
so that the plant: can be bﬁought on stream successively, one
section at a time. There are problgms connected with the
erection of scaffolding; and with the dapgenoﬁs typg of work,
fixing insulation high up on a tower, There is also likely to
be interaction between the pipework erectors and the insulating
contractors, and frequently the sﬁape of pipework may require
modification to enable insulation to be carried out effectively;
Apart from these.compiicatiOhs, tﬁe'impressidn of work on
site was gained of a small number of men, working very much on

their own in difficult and sometimes dangerous positions.

(u9)
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(contd)

CASE STUDY THE THERMICA COMPANY DESPATCHES.,
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Appendix 3F

cost PErIOD,. &\ Si......... MASTER PRODUCTION STOCK &
. DEMAND SHEET
WEEK COMMENCING MONDAY.,3/Z/l3........ SUPER-MAGNESIA
- N on | R On o on
1" thick Order 13" thick Order 2" thick Ordes:
; Super-Magnesia' up&to Super-Magnesia .up&to Super=-Magnesia up&t":
® |Ptnl,|Act.] Stock  |incl.| Ptmljact.!  Stock  |incl.|Ptnl.] Act. __Stock | 1ncl.
Wkly { make : sub, | Wkly|make! ™ “sub. |Wkly | meke sub.
t.x make Rough {Mach. |per, make Rough Mach.|per. |make Rough | Machhper.
, & pkd) | | & pkdl - —
A I B C D E A B{ ¢ D E A B e D | E
16
16 1200 |2520 1950 [2532 ,_ 150 35 32
3 pLOO _1958 8000 2084 600 5_00 _ 1900 | 225 L50
L6 PLO0 13520 4150 p120 | 600 11335 7300 HTM
13219600 5070 1300 5076 | 600 {1515 | 530 | 810 32k
ue{.zoo 3340 1984 £833 | 600 | 380 530 | 273 35
/3431.00 1500 499% )5022 600 } 540 1440 | 150 183 54,
8 po00 1430 9300 §9u1 | 600 864 | 528
8 2400 {3400 8696 p930 | 600 | 540 2647 | 600 3761 {252
8 {600 i 183 2134 | 522 | 600 1300
1800 | 867 1620 §189 | 600 | 380 | 1979 513 150
1800 | 94 1558 5196 |600 | 540 boss | 600 |532 1122 |210
600 | 39 1620 {705 |600 | 76 335 |525 376 4851
1200 | 688 3 600 | 540 81 P61 | 600 |532 184 141218
l6oo 1066 |402 76 668 | 420 123 303
]600_ 1233 |600 200 |4M |600 |79 561
= 1932 | &1 935 _ __ps8e
£00 | 380 | 144 {894 |600 | 540 11998 {108 |600 " {270 N7
500 1342
500 692 {456 |600 6% | 27 |e00 W1 7
500 %00 3
500 450 1186 1600 31;7' 1050 !sg2 1600 {270 592 288

208 1in, ft. 6.5/8" x 25" in stoak
' NIL. 6.5/8" x 3"(5%1); stock

30 £+, on demand
30 f£t, on demand




COST PERIOD,.. .y" 3

s e eneses s es s seses
7

WEEK COMENCING MONDAY....39.7. "
Lo,

MASTER FRODUCTION STOCX &

DENMAND SEEET

~ PARATELR Appendix 3F
) === (contd)
: 1" thick 2 orderg | 13" thick .‘_' g:der 2" thick _ gz;def
] . Parr;temp ] :p ta Ifaratc'amp _ ;p to ) .:__Paratemp ;p tc
ol ooy oo 25T el oo g Bl ol Eoerery i
!‘Make. ; ‘e pkd,| per. Moake, : & pkd,| per. Make, &pkd| per. -
A | B ;L c D E A [B c | b E A B c | D E
16 3{
16 942 158 2871
32 330 19486 | 117 i3000 | 72 60
/16 21,00 p835 700 1671 158 27| 135
plo 5700 | 585 500 | 42 1600| 30
/16 263 | ;7 2200 | 35 3901 210
/2 3200 | 429 17 _
'8 _ 7N 2300 | 276 270
/8 233 270 | 882 1538] 267
/8 2910 1138 1800 | 162
158 {148 | _29}_%713 7500 | 306 1900! 43
158 | sl 172 | 2838 1300| 258
8 | 72 11956 1200 | 426 227| 507
158 6232 | 490 2140 125601 162
| 1362 1070 | 285 155 598
648 { 375 600 | 120 1600} 636
330 L70 288 | 213
72 1591, 2386. 1800 | 222 333] 30
72 103 | 120
1420 1102 1300 | 245 2 11
453 | a7 201
i 1183 ! 315 1600 i 2613 _ 18° 249
645 Lin £t 68" x 2" in stock 198" in demand |
45 1in £t 63" x 3" in stock NIL in demand
(58)
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. _CORE_CHANCE.

RANGE OF POSSIBLE SI2Es

- Appendix 3G

OF . /NSVLATIenN  WiicH

Covued RE PRodDUCED USING DiFFenenT $12ed CoRES .
— : - .' T 1 ] Cedg & |
o neenmen T w72 [ 23| G e
*%sa. 2
| Yo 3
Ourswz | Yo | - b
A Y% | e 5
Damerenr 1. 2%, ”/31 b_
- 2% | 1% 1
oFf 2% | (% | g
| 2% | 1% | W 9
__PipE 3 2% | A4 [0.
2% | 1% . N
B Y -4 3k | 2% | ' | . (2
o . 2% | 1Y% | e | - I3
AnsvenTen. | 4 3 1% e | g
2% | e | IS
(le. Inide 44 | 3% | 2% /S b
‘ 2R iV | Y 0
damee | § | 4 3 1% | s r
S I 2% | 1% 9 .|
of Sk | 4% | 34 | 2% | 1'% 20
I R o 2% | 1'% 2.1 |
haolabon) | -6 | 5 | 4 | 3 %l
3 I R X/ W | 1
I 6% sh|-4an | 3h] 2% | 24
L P I 2% 25 |
INcHeS. | 7 [4 s 1 4 3 - 26
' 75| B Sh| 44| 3% b))
§ | 7 I 6 s | 4 28
8 | 7h| (B| sK | 4k || .2y
& | -7 é | 5 -||_._30"
g‘z 7g. 678. 5./2___ 3\ o
8 | 7 |- 6 32 .
84 7§£' .éfan.. 33 &
3 -8 7 1) mbwadedd
8% | 74 _}___u':_ by S
L,
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(a)

CHAPTER 4 : MOULD BLOCK CONFIGURATION

POTENTIAL OUTPUT

. N
Having decided to look at the configuration of each e
mould-block, it-appeared that the first step should be to “
examine carefully the design-of the existing mould-blocks l P\
| —/

in rélation to cunrenf demand for insulating materials, and
to see in What ways the design could be impreved.. This °
examination was also carried out in order to design a method,
acceptable to the Company, for simulating production in the
wofks.

Turning back to the mould data sheet (Relevant Extract -
Appendix 3C). the'Output/Weék/Size column (Linear Feet) was
converted into a "Potential Output per-SHift"_for supermag
and paratemp, by taking 75% (giving an ample allowance for
contingencies) of tﬁg_figures in the Relevant Extract, and

dividing them by 15, i.e. 5-day week x:3-shift. ' Thus, for

N R
Mould-block V, 1 inch x %% s
' Supermag Potential Output _ 75 L
) ' per shift -~ I00 * 1620 x' 75 = 81
.75 L
(1 1)) - . ——— =
Paratemp ' " . = 1pg X 1260 x 3¢ = 63

In other words, Potential Output per Shift is equal to
a fraction of f% of the Linear Feet figure in the mould data

sheet extract.
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(b)

EXISTING CONFIGURATION

In this way, a tabie (Appendix 4A) showing Demand/Output
for each size in each mould-block was built up for the present
configuration: For supermag, "Demand" was taken as the .
Average Despatch over the_five_years'1960-19ﬁu inclusive, and
%nvorder to show the situation more clearly, a pgriod of
TWELVE WEEKS (i.e. three times the normal accounting period)
was chosen. Thus the figurgs,for.supermag wefe obtained from
the Summary Record of Despatches of sﬁpermag - similar to the
Table at Appendix 3D - by multiplying the figures in the final
column (Average 1960-1964) on each page by. three. For
paratemp, a similar calculation was made to find the average
figures for 1963-1964. _

Going through the calculations in Appendix 4A for Mould-
block V,.in line 1 the Average Demand was 4,128 linear feet of
supermag (col. 7) and the potential output per sﬁift‘was'Bl
linear feet (col. 5). Hence for supermag, Demand/Qutput =
4128781 = 51 - to the nearest whole number larger than the
exact figure - which is shown in column 9. Similarly., for
paratemp, 306 (col. 8) divided by 63 (col. 6) gives 5 (col. 10).
Column 11 'is the total number of shifts required to produce

4128 feet of supermag plus 306 feet of paratemp, and is found

by adding the contents of columns 9 and 10 (51 + 5 = 56). In
_ the same way, 80 shifts are required to produce'the'total

. . . " . - . . "

demand of 1 inch x 1%%, insulation, 75 shifts for 1 inch by.Z%_

: - o
insulation, and 40 shifts for 11 inch x IT%P insulation. The

last figure is shown in brackets, as it could also be produced

in Mould-block G line 1 - but with only one mould as compared
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with three in Block V, it would take about three times as
many shifts (119 instead of 40).

Examining these four totals, and ignoring for the moment
the problem of the two different materials involved, where
production obviously cannot be mixed, wé find that, unless
some of the moulds are blanked off, there will be overproduc-
tion of some sizes in order to produce the required amount
of 1 inch x'i%%" insulation. The' 80 shifts needed for this
represent 5.3 weéks production (col. 12) and this would
involve overproduction (col. 13) of the.other sizes in Block
V of 24, 5, and 80 shifts.

The same.method was used in the case of each mould-block,
and only in cases where there were no mixtures of siées in
a mould-block (Blocks Z, Y, X) was there no overproduction.
As well as taking no account at present of the need to separate
the production of supermag and paratemp, this tabulation also
. takes no accurate account of the time required for core
changing, blanking pff;.eleaniﬁg the moulds, and other inter-
ruptions to normal productidn; A proﬁortion of these is
covered by tﬁe-"cdntingencies",,for which a figure of 75% of
. the theoretical figure.of.oﬁfput was taken - see above.

Even using tﬁese'avefageffigurés (such figures must be
used with discrétion when considering output rates in a
factory), it appears that, on three of the mould-blocks -
C,F, H - the prﬁduction.onld be insufficient to meet demand
in the twelve weék period. . Only 180 shifts per block would
be available, and,,fonABloek”C; 1 inch x ui", 189-shifts

. : . ©
would be needed. For Block F, in 1} inch thickness, 2§m 0.D.

(62)



would need 250 shifts, 33" 0.D. would need 303, 41" 0.D.

. |
would need 319, and 6% 0.D. would need 212 shifts. In

the case of Bloeck H, the 13} inch x é%" would need 222 shifts.
. As well as this failure to meet average requirements in

these few cases, a considerable amount of overproduction
(see col. 13) would take place, unless cafeful measures for
blanking off were taken, w%th'a consequent drop in total
production. _

The Table at Appendix 4B shows how the mould-blocks
would be allotted to ten of the twenty-three stations.
This Table also shows that,vat.stations-7,'8, 9 and 10,
mould-blocks would have_to belchanged once each at stations
7 and 8, and twice .at stations 9 and 10. As was described
in section 2 under "Equipment Factors", the mould-blocks are
. very complicated pieces of equipment, requiring skilled
plumbers to¥install them -into position. It would be
difficult, therefore, to carry out so many. changes, and
although, for tﬁe.purposes of this comparison, it was assumed
that each chénge would take two’shifts to complete, in fact
it would take longer.

Clearly the situation chosen was artificial. For one
: thing, only ten of the'tweﬁty—three.statiohs were deemed to
be available for Fhe Section mould—blocks.  Of the remaining
: thifteen, eight.stations were always allotted to the produc-
. tion of slab insulation-and the'balance,pf,five'wefe.assumed
to be undergoing maintenance, reﬁair,'on core-chahge'— a
normal situation in this works.

In other words, this would be an adverse situation for
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(e)

Production Control, but on the other hand tﬁey would be
occasions thgy would have to producé more than these amounts.
At the same time; in practice there would not be the require-
ment to change mould-blocks so frequently, as the five
"spare" stations could be successively brought into use,

and a small stock of less popular sizes. could be maintained,
to cater_for the sporadic nature of the demand for them.

CONFIGURATION A

Having examined themfesults obtained from simulating
production with the'eXisting'configuration, it was decided
to devise a drastiecally changed configuration of moulds in
mould-blocks, which was named "Configuration A". The basic
plaﬁ behind this cbnfiguration was to go to the other
extreme - each mould-block would preduce only‘bne size of
section per thicknesé - but use would be made of core-changing
as much as possible; secoﬁdly, it was dec¢ided to increase
the variety of sizes which could be made - as well as all
sizes of section insulation up t0”8%" diameter, of thicknesses
1 inch, 17, and 2 inches, the need existed for making

insulation of 23 inches, and 3 inches thick5 up to 73" and

‘ A
6E diameter respectively, at least.

8
Configuration A is shown at Appendix UuC. Due to the

basic design of the system, instead of the present 16 mould-
blocks, a total of 23 blocks would be required. The
facility of coreéchanging would‘enable the widest possible
range of sizes to be made, but at the ‘same time, only

compatible sizes - i.e. those which could be.obtairied by
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core-change - of mould were included in any one mould-block.
The effect of this would be to eliminate the need for
blanking off. The time allowed for-changing cores was four
hours, which seemed a realistic figure.

of the 23 mould-blocks .planned, only three would be
identical with the gxistingrconfigurétién; these were
Blocks X, ¥, and Z. This was because a separaté mould-block
was planned for each diameter of pipe at 1 inch thick,

. " : u . -
except for 2l and 2% diameter, which would be obtained by

8
. o s . R L I R
scraping. At 13 inch thick, four sizes - lIE ’ lT§ ’ 2@ )
SN . ’ :
2% - would have to be made by scraping, and these .same

sizes would also have to be made by scraping at 2, 21, and
3 inches thick.

The number of moulds in each block was calculated from
the present configuration, allowing a corresponding number
of moulds to a block in proportion to the sizes to be made.
So, as thé diameter of each mould increased, the number which
could be fitted in to a block became less. The output rates
for each mould-block were based on "pro rata" figures to the
first simulation. The configunafion would enable complete
flexibility of production to be aéhieved, for there was no
mixing of sizes, and so no need for overproduction of unwanted
sizes, or for blanking off.

Referring to Appendix HC,.the mould-blocks have been
~given Roman.Numbers I .to XXII, except for Blocks X, Y, Z,
which have retained their original designations. Starting
with 1 inch thick moulds, the smallest diameter k%%") was

i

. o o .
numbered XIX, the nekt (%% ) XX, and lT§ XXI. Then comes
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Original Block Z (i%%"). None of these blocks had any
possibility of core-change to give different thicknesses of
insulation.

The next in size (1 inch xli%%") was numbered XXII, and
was the first one in which it was possible to change the core.
After this comes. Original Block Y: as well as its original
cores.ofli%%“ diameter, a new-Seﬁ of cores was assumed,
enabling 13 inch'thick xl%%v insulation to be made. In both
cases the insulation could be scraped to fit the slightly

T n
and IT%. 0.D. respectively.

: . 1"
larger diameter pipes of 2%

From then on, the mould-blocks were numbered X (letter)
(an original one), and then cohsecutively I to XVI inclusive.
Increasing use of’core-cﬁanging could be made, Blocks X and:I
having three‘different sizes of core, Blocks II and III four,
and Blocks IV to XII inclusive'having five, making all thick-
nesses of insulation from 1 inch to 3 inches in steps of half
an inch. Blocks XIII and XIV dropped to four sizes of core,
and the last two,.Blocks XV and XVI, to three -2, 23, and 3
inch. Theﬁdiffefeﬁt alternative thicknesses and sizes are
shown in columns 2-6 in Appendix u4C, and the'number of moulds
which céuld be arranged in each block appears in column 7.

The remainder of Apﬁendix 4C was calculated in the same
way as Appendix YA. Columns 8 and 9 give the output rates
for supermag and paratemp respectively, calculated as
described at. the beginning of this chapter. ' Columns 10 and
11 show the Average Demand for the twelve-week period, which
was obtained from.Appendix 4A by adding tpgether the Average

Demand for the respective sizes shown in detail there. For
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example, the Demand shown against Mould Bloeck II (Appendix 4C)
for supermag - 24,117 feet, including 1215 feet to be scraped,

was the sum of the following demands in Appendix UuA:-

Block C, 1 inch x 33" 16,284
. - an
Block F, 1} inch x 23 6,294
. . . 5“
Block H, 1} inch x 23 969
1t
. Block N, 2 1nch b4 l%%- ;
570
11" )
2 1nch X 116 )
"
plus 2% inch x %% -
24,117

The 1215 feet to be scraped was made up of the 969 feet

. ’ " . .
.of 11 inch x 2% » together with a further 246 feet ex Block N,
lln

2 1nch x ng .

Columns 12, 13 and 14 were obtained, as before, by dividing
the Average Demand by the Potential Output per shift, first for
supermag and then for paratemp; and finally entering their sum
in column 14, which is the total number of shifts which would be
required to produce-the insulation of those sizes, again
ignoring the.complication of two different raw materials.

Finally, column 15 shows the number of weeks - at 15
shifts per week - required to proeduce the average demand. The
_greatest amount needed was on Mould-block X (Roman Ten), which
is- 7.2 weeks: . thiS'was just.overvhélf the'allowed pefiod of
12 weeks.

As in the casé of the Existing Configuration, a table at
Appendix 4D shows how the mould-blocks of Configuration A

. could be allotted to ten .stations. In this case, due to the
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extra number of mould-Blocks - 23 instead of 16 as at present -
thirteen mould-block changes wou1dtbe necessary, but in every

case production of twelve weeks demand would be completed in

N

less'than ten. weeks.

The policy on core—changesifor this configuration is less
clear. It could be that'é}i moulds .in a mould-block would be
used to produce the'required qﬁantity of one thickness, then all
‘the cores would be changed,.and the-required quantity of the
next thickness produced, and so on. Alternatively, it is
possible that two thicknesses could be produced at the same
time, some moulds producing 1 inch thick insulation, say, and
some 13 inch thick. It must be borne in mind, of course, that
in practiéé it is likely that Production Control would not know
the exact amount of each size and thickness to be made iﬁ‘the

,fortﬁcoming 12-week period. It is likely, therefore, that a
: considerable'amOunt.pf coreJehanging would be carried out,
_giving.much_greateb,fléxibility.to Production.

(d)'RESULTS'OF'THEjE;R§T‘TRIAL'

Examiniﬁg the results of using Configuration A, it can be
seen that:—

1. Production of 12 weeks demand would be completed in every
case within.lo_weéks. With the'existing configuration
(see Appendix U4B), ‘at three stations (1, 2, 3) even the
12-week average demand could not be produced in the'lZ
weeké, and at three other stations (7, 8, 9); production
of the average demand wouid be only.ﬂust complete within
the period. This means that in half the éases the
situation .at one ‘or more of théSe.stations would be worse

. thah this.
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2. There should be little, if any, overproduc¢tion of
unwanted sizes (or alternatively blanking off).

This compares with the con?iderable overproduction,
'/ or blankiﬁg off, required in the existing §ituation.

3. On the other hand, due to the small demand for
certain sizes (e.g. Mould-blocks III, V, VII, IX,

XI, XIII, XV), there would be considerable under-use
of mould-blocks in this-configuration.

L. 58 core-changes and 13 mould-block changes as a
minimum would be required during the production
period. With the existing cenfiguration, only 9
core-changes and 6 mould-block changés would be
needed. Clearly, if more use were to be made of
core-changing, or mould-block changipg, any reduction
ih the time required to carry out these chapges would
be worth achieving.

5. A large capital investment would be needed to convert

_ the existing 16 mould-blocks into the new 23 mould-
blocks, in which only 3 would be.unchangfd - i.e. a

. conversion of 13 existing blocks to a new layout, and
the construction of an extra 7 new blocks.

(é) " COMMENTS BY THE COMPANY

As was mentioned at the.beginning of this chapter, the
main object of comparing the»exiSting configuration with
Configuration A was to test out a methcd of handdsimulation
to the satisfaction of the.Company. Comments. from the

Company included:-=
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1. Compatability: In carrying out this type of simulation,

it is necessary to take account of the fact that it is
not possible to proauce from fﬁe same mould-block, at
one time, pipe insulation varying in thickness by more
than half an inch.

2. Mouldibldck'cﬁangihg: 'This is an extremely complicated

operation and would take longer than had been allowed for
in the simulation. ,It.does not seem at present that
this would be a feasible operation on which to plan
production.

3. '~ Storage of spare mould-blocks: Following the last

comment, mould-blocks are very difficult to store safely
when not in use. They take ﬁp a lot of space, and great
care is needed to avoid damage. This is a furthef
aréument against frequent mould-block changing.

L. " Capital cost: The cost of making twénty new mould-blocks

would be prohibitive.

The conclusion from these.results, and thg feed-back of
comments from the Company, wés thét a configuration was needed
which would avoid the‘disadvantages enumerated at paragraph
4(d), which would meet the cofiments of the Company, and yet
would possess to a large -extent the advantages of Configuration
A, giving flexibility and inéréased productive capacity to.

Production Control.
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(a)

CHAPTER 5 .: HAND SIMULATION

RE-EXAMINATION OF CONFIGURATION A

As a first step, Configuration A was examined further,
with the inclusion of extra mould-blocks to avoid the need
for scraping. The new blocks were labelled YA, YB, XA, XB,
IA, IB, etec., through to IVA, IVB. This configuration is

shown at Appendix 5A.

(a o=

In this fabulation, the 29 blocks. are listed at column 1,

with the main size (smallest thickness) each block would make

. in column 2. Sizes wHich-cpuld be made by core-change are

apparent by reference back to Appendix HC. Columns 3 and 4
show the potential output per shift for one mould only, of

supermag and paratemp. Columns. 5 and 6 show the average

" 4-weekly demand .in feet for the two materials. Columns 7 and

8 give the Demand/Output calculations (column 7 = Column 5/

Column 6/Column 4), and Column 9 sums the

Column 3: Column 8
contents of Columns 7 and 8, giving the total number of shifts
required for one mould cylinderlto produce the average demand
for both matefia;s. Finally, the totals in Column 9 are
divided by 60 (number of sﬁifts in a 4-week period) to givé the

theonetical figure of the number of mould cylinders required
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(b)

to produce the aveérage demand in the'u-week period concerned.
From this could be seen the relative popularity of the
particular size - or rather range of sizes - and the figures
could therefore be used as a guide in planning the relative
number of mould cylinders to be incorporated in any future
configuration. |

It should be noted thét,.by using avérage figures to

make the mistake of planning to-produce.these absolute
quantities.” At this stage ‘we were only concerned with
planning the proportional numbers of cylinders in a new

configuration.

- PLANNING A NEW CONFIGURATION-.

The theoretical number of mould c¢ylinders calcﬁlated at
Column 10 of Appendix 5A were ‘then sorted into an ascending
sequence, which is shown in Column (g) of Appendix 5B.

The corresponding Mould Block No. of Cohfigunation A appears
in Column (a) of the table, and Columns (b) to (f) inclusive
show the respective sizes and- thicknesses of the insulation
sections which could be produced by core—chénge. In Column
(h) is shown the nearest whole number greater than Column (g)
plus 20%.

At the right hand side of the table, the existing
configufation is set out in a way to correspond with the
layout of Configuration A,'thus'showing-where each cylinder
size could be found at present. So Column (k) lists the
existing Mould Block Number, and Columns (1) to (p) inclusive

show the respective sizes and thicknesses of insulation
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(c) -

sections which could in the existing scheme be produced by

core-change and scraping. Finally, Column (q) lists the

. number of cylinders available for production under the

existing configuration.
By setting out the information in the form of Appeﬁdix 5B,
an impression could be obtained from Columns (h) and (q) as
to where thefe waé over- or under~-capacity in the works.
In particular, the existence of under-capaéity-(e,g. referring
to Column (a), Block XVI,. VI, IVA, ITA) is important to note.
Columns (i) and (ﬁ) of Appendix 5B have not so far been
discussed, but will bé referred to later.

MOULD-BLOCK MODEL

At this stage in the'planning of a new configuration, it
was necessary te consider the géometric constraints which
would determine the number and spacing of eylinders in mould-
blocks. For this purpose, a halfﬁsgale model was prepared
on a drawing board of the cross section -of a mould-block
(uy" x 16™). Circles. of theﬁappropriate diameter wefe cut
out of card to represent the external diameters of the various
sizes of pipe insulation: The radius of each circular disc
was increased by # incﬁ, to allow a clearance of 13 inches
between each cylinder in a mould. For the same reason, an

inner rectangle, # inch smaller all round, was. drawn inside

. the cross section of tﬁe mould-block.

Bearing in mind thé need to minimize-the'number of new
mould-blocks to be made because of their ﬁigh capital cost,
a series of experiments was carried out on.the'model, on the
basis of the minimum number of cyiinders required (Appendix

5B, Column (h)).

- (77)



(d)

It appeared possible from Column (h) of Appendix 5B to
retain the existing mould-blocks V, W, X, Y, Z, but providing

extra cores for blocks V, X, and Y to enable the range of
-11"
16

. : oA : .
and 13 inch x 1% , as well as 1 inch

16
. . »ogu . A _11n
75 ¢ Block X - 1 inch x 2¢ and 11 inch x 135 : Block Y -

32
. 29" L e L 2w
1l inch x l§? and 13 inch x,§§.).

. The remaining range of sizes were then sorted as far as

sizes to be made (i.e. Block V - 1 inch x 1 and 1} inch x

11"
16

X

1"

» Plus 1 inch xIZ%
11" '

possible into compatible pairs, and arranged together in the
model so that the number of mould cylindeps corresponded
approximately to Column (h) of Appendix 5B, taking intoc account
the constraints of the_geometrical dimensions of the mould-
block. Also, as far és possible, each new mould-block was
designed.to contain mould cylinders of ﬁoughly similar pipe
size.

By this means; it was possible to fit a new configuration
into 1% mould-blocks altﬁough one block (labelled QA,QB) would
have to be 18 inches in width instead of the normal 16 inches.
The Company already had one mould-block of this size, which

would therefore be an acceptable arrangement.

" CONFIGURATION B

On the basis of this work, Configuration B was devised.
This arrangement. consisted of splitting the existing mould-
blocks'C, D, E into pairs of compatible sizes, the new blocks
being labelled P and Q, R and S, T and U respectively. In
addition, new mould-blocks labelled H and M were planned, the
remainder being grouped into a new block L. This configura-

tion is shown in the two centre columns (i) and (ﬁ) of.
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Appendix 5B - Column (i).showing the number of cylinders, and
Column (ﬁ).tﬁe'BlbckﬂLabél - tﬁé'coding.used 5éing'two'letter.
Configuration B is showniin’moﬁe'defail in theffirst seven
columns of Appendix 5C headed "Hand Simulation".

It would be'possible'witHqunfigunation‘B.to manufacture
insulation seetioens of all tHiCkneSses from 3 inch to 3 inches,
. for all pipe sizes currently in use; with the'exception of the

. following (listed by.combinatiens which could be made by core-

: change):-
Thickness..J..]Z%finéhes. : 3 inches E l
a1 1
23 75
‘A5 11
0.D. 23 135
: 1
Pipe size 2§
Combinations 25
)
8 7
5D
8§ 7%
"8
‘ad
. 8§ /

{

. v n . 1"
The smaller sizes (lT%N up. to.Z% ). could be made by

. X, 2 LG I 1 A, ¥ { B Coan
scraping the sizes_%%-, l%% . %% s and 2% , at the appropriate

thickness (231 inch or 3 inch),'which could be produced in
Configuration B. At the time of the project there was very
little demand for any of these sizes, possibly because they
could not be precision moulded, but would have to be made by

(hand) pressuré moulding. Even in 1965 and 1966, the only
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recorded .production of these sizes was as follows (quantities

in feet):-
....... 2%.i£;h thick .. ... .| .......3 inch thick .
. in o . oo ‘
2% - - 48 (Paratemp) 1966 lo& Nil
: 5" . - '11". ]
25 - Nil 115 (' 39 (Paratemp) 1965
' (123 (Paratemp) 1966
PR .
2§ Nil
. "
2% Nil
8" - Nil 7" 36 (Supermag) 1966
5" (201 (Supermag) 1965
8% (300 (Papatems) loes | 73" 6 (Paratemp) 1966
8" Nil
: 5" .
............................ 8g 21 (Paratemp) 1965

If any appreciable demand for tHeSe.thicknesses and sizes
of insulation sections came about, it might be necessary to
construct additional blocks to make them. The.uée‘of liners
as well as different sized.cores could be investigated to cut
down-the numbe¥ of new mould-blocks necessary. ‘

(e) ~ DEMAND

Up to this point, all calculations were based on quantities

. the particular time uhder cénsideration - usually multiples of

thé-ueweekiy Cost Periods used for accounting purposes. At

quantities for the'proposed simulation of production. As was
stated in.chaptef‘3'above; a data processing operation, known

as "Company X Works Orders Processing I" was being carried out
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for the Sales Department concurrently. It was deéecided to
use the Order quantities for Cost Periods 3 to 6 inclusive
for 1965 for the simulation.

The first operation, then, was to extract the required
figures from the relevant Cost Periods of the D.P. operation.
Thése were listed under separate heads as follows (all 0.D.
pipe sizes):-

. . R . : 5" . 5|l'.' "
American standard sizes (6§ ,-75 , 8% )

8
e . 27" B L .
British standard sizes (37-:up to 83 inclusive)
Copper pipe sizes (3" up to 4" inclusive)
1
Non~-standard sizes - (0 to 8% inclusive)

In.itself, this calculation of total demand, by sizes,
was laborious, entailing the'grouéing of up to three different
figures for every thickness from 1 inch to 2 in¢h, and for a
few sizes at 23 inch and 3 inch.thickness; The .calculation
had to be done sepérately, of course, for the two materials -

supermag and paratemp.

" HAND STMULATION WITH CONFIGURATION B

Having obtained the correct démand figurés for the four
1965 cost periods,rtﬁé next requirement was to carry out the
hand simulation of production, using Configuration B. For
this purpose, the tabulation at Appendix 5C was prepared.

In the left hand part of the table was listed the déta
appertaining to Configuration B. Thus, in Column (a) appearé
the Mould Block No. - ZA, XA, etc. Where there was more than
one range of insulation sizes produced in one block, the
second,. third,.efc. ranges are giveﬁ the suffix B, C, etec. to

make reference to them easier.
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In Columns (b) to (f) are listed the sizes which each
range of cylinders in a mould-block could produce at the
various thicknesses, 1 inch to 3 inch. In Column (g) are
shown the number of cylinders- of each size;contained in the
mould-block.

On the right hand half of the table appear the calcula-
tions necessary to support‘the simulation. Columns (h), (i),
(j)s (k) and (l) show the number of shifts required to make

. the quantities of .insulation ordered during the cost period
concerned, for supermag and paratemp respectiveiy, of 1 inch,
13 inch,'2 inch,~2% inch and 3 ‘inch thickness.

d To-eXplain.this in detail, takiﬁg.ZA, Cost Period 3, the

. demand for 1 inch tHick’x i%%v insulation was 13,254 feet
supermag, and 2,581 feet paratemp. The potential outputs per
shift were 656 (16 x 41) feet and 512 (16 x 32) feet
respectively. So the number of shifts required were ié%%%iﬁ=
(to nearest whole number above the exact figure) for supermag,
andngf%%i'= 5 for paratemp. In the same way, each demand is
turned.into a number of shifts for'every_relevant entry.

The nex;fwide column (m) depicts a Schedule of Production
of the material. It is divided into four weeks each of 15
shifts, and bar charted for each mould-block, taking care not
to mix materials when there was more thah one size range
involved. Also, care in.scheduling was- taken to ensure that
the thicknesses of insulation produced in any one mould-block
did not vary in size by more than 3 inch.

This type of production scheduling would be carried out

) .
. for the following cost period at least 3 weeks before the start

(82)

21



(g)

of the cost period, based on the order forecast from the
Sales Department. The schedule might require amendment to
cover rush orders, but it could remain the basis of produc-
tion for that period.

Some of the production.scheduling was a trifle complex,
particularly wﬂen there Were'more'than two size ranges in the
mould-block. |

The next.column (n). details "Balance carried forward to
next Cost Period" - where: is listed demand which has not been
met in the current cost period (e.g. in -cost period 3, M§uld-
block T, series TA-has:3'shifts.of-l inch thi;kness paratemp

outstanding, and series TB has: 9 shifts of 1 inch thiékness,

'8 shifts of 1% inch tHickneés,:and 5 shifts of 2 inch thick-

ness paratemp outstanding.

Column (o).lists."Balance'bnougﬁtfforward_from last Cost
Period" - thuS'thé'shdrifall in‘ppoductionﬂBlock T in cost
period: 3 is showh'again as a balance'bropght,forward in the
cqrresponding.column against Block T in cost period 4.

Finally, Colunn (p) showsithe'pefcentage.use'made in the

. current cost period of éach'mould-block. TheﬂdeSignation :

"1.00+" indicates that there'was-a.sﬁortfall in production,
whereas a minus sign (egg..Cost Period 4, Block T - "82-")
indicates that this,figuré.includes the percentage used in

making up the previéus cost period's shortfall.

' THE PRODUCTION SCHEDULE

Taking a critical look at the. "Production “Schedule" in
Column (m) of.Appendix C,Ait must be appreciated that this

exercise ‘was carried out in order to see how well Configuration

: Bﬁonld.cope'withiactual demands. over a number of cost periods.
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For the four here considered, the configuration would have
managed extremely well - apart from the shortfall for Block T
in cost peridd 3, there would have been a further shortfall in
the same Block.in cost period 6. Otﬁerwisg,'only in a few
cases has the.usage approached 100%.

The scheduling that was earried out here, of course, would
not be suitable for actual'produétion; Looking at cost
period 3 again, in weeks 1 and 2 all 14 mould-blocks are in
use, in week:' 3 10 mould-blocks are in use, and in week 4 only
5 are in use. Clearly, this would be uneconomical in labour
and overheads, and as a very simple second stage, production
for Blocks Z, X, Y, M could be-reécheduled.to weeks 3 and 4.
Tﬁis would effectively level out mould-block usage to 10, 10,
14, 9. |

A:further rationalization-would be needed to level out
. thé.quantities of'the two different materials used. To
illustnate.this,'ih.cost pefiodiS'tﬁe'quantities of the two

materials used in mould-blocks was as follows:=

'SuEéfmag "Pﬁﬁatgm£, " Total
Week 1 ... ... 632 .73 14 Blocks
Week 2 . ... ... 63 - 73 14 Blocks .
Week' 3 ... V. 53 e 10 Blocks.
Week 4 ... ... h 1 5 Blocks

. By. chance; the use of the two materials is reasonably
evenly divided. . But in thejfinst week of cost period 4, for
instance, 101 mould-blocks were turning out superiag, with
only 3% turning out paratemp.

TheSefopepations'- namely, levelling out weékly mould-block
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usage, and evening out the quantities of the two materials
used - could be carried out most efficiently by using the
correct computer program. So, having'rationalized the
configuration of mould—bioeks to something that most nearly
fits the preduction pattern, and having a monthly - or
"running monthly" changing each week - sales demand, the
logical corollary would be to make use of the facilities of
a computer to schedule production in the most economical way,
in terms of labour, materials and overheads.

(h) ' HAND SIMULATION RESULTS

Appendix 5D to this chapter summarizes the results of
the Hand Simulation; as far as Percentage Usage of Mould-blocks
is concerned. Over the foﬁr cost periods. under examination,
the most heavily used mould-block would be Block T, followed
by Blocks V and S. None of the remaining mould-blocks
average more than 70% usage over the fpur periods. Bloeck L,
with five different series contained in the one block, looks
unsatisfactory, and its use would almost certainly involve
'the'overérodUCtion of some sizes, as it would belimpossible
to arrange blanking off in such a way as to avoid this happening.
Thus it can be stated that Configufation B would work
more satisfactorily than the existing configuration, but is
not necessarily the best, even taking into account the
desirability of fetaining some of the ekisting mould-blocks
(Zz, X, W, ¥, V).

(i) PHASED PROGRAMME OF CHANGEOVER

Finally, in order to demonstrate the feasibility of

changing over to Configuration B, a possible programme to do
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this, from the existing configunation; without disrupting
current production, was preﬁaréd; This pr§gramme'is shown
at Appendix 5E, and from,thisAif.can be ‘seen that a total
of nine new mould-blocks, brought in over six"phases, would

be required. The final total-of mould-blocks would be

. fourteen for the produdtion of pipe insulation, compared

with the sixteen used at present. It was felt that the
smaller number should reduce ‘the need to change mould-blocks,

which was one of the obiedts of thé configuration.

" 'CONCLUSION

The hand simulation which was carried out with Configu-
ration B was the,subject,of a report to the Company, in which
it was reported that théiconfigunafibn would be a feasible

solution to the'problem of finding an arrangement of mould

. ceylinders in blocks which would give flexibility to production
. control, and at the ‘'same ‘time would provide adequate capacity,

. used in conjunction with & controlled inventory policy. It

was pointed out that Configuration B would not necessarily be
tﬁe-optimum arrangement.  For this, many- different configurations

would have to be tried out, using thelcomputer, and.compared

. to see whicﬁ'gave'the”bQSt results over a larger number of

. cost periods.

At that.sfage (March_lSBSX the'Company was. urged to carry
out thetfinst phase bf.the conversion programme (Appendix 5E) -
namely, the splitting of Mould-block C in two’ﬁalﬁes (Blocks P

and Q), at the same time taking out of use Block N. This would

- give the Company much needed extra capacity at 1 inch thickness

and 3", 33" -and 4" 0.D., and also give production control

experience in scheduling production in multi-core cylinders.
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" “Appendix 5E.

- POSSIBLE PHASED. PROGRAMME TO CHANGE FROM EXISTING..CONFIGURATION
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(a)

. CHAPTER 6. .:. COMPUTER SIMULATION

WORKS ORDER PROCESSING 1 ;' D.P. PROJECT (W.0.P.1)

.-;Following the completion of_the hand simulation exercise
with Configuration B, work was done to pave the way for a
similar investigation using the computer. The object of this.
simulation was to compare tﬁe.efficiency of several configu-
rations of mould-blocks over a number of cost periods.

For this purpose, the hand simulation was flow cﬁarted
with the object of using part of the outﬁut of the Data
Processing Project "Works Orders Processing 1"« A sample

of the output of this project is shown at Appendix BA.

N

For this D.P. Project (W.0.P.1l) a monthly program was run

on the computer, the input data bgipg all the works orders \\j
issued by thée Sales Department during the previous cost period.
As can be seen.from Appendix 6A, these orders were sorted by
material, column 1 (Magnesia or Paratemp), by thickness,

column 2 (1 inch = 10, 1% inch = 15, etec.), and by size,

column 3 (using the coding shown at Appendix 6C), into orders

for the six cost periods, columns 4-8 inclusive, starting with

the one immediately ahead (column %) and forecasting forward.

Column 10 showed undated orders, and the final column, 11,

(95)



showed the average monthly order over the previous twelve
months (= cost periods). .

As far as the present project was concerned, only the
information for the cost period immediately ahead was
required - i.e. columns 1-b inclusive.

(b) FLOW DIAGRAM

The first necessity was to prepére'a flow diagram, using
the operation of the hand simulation as a guide. The whole
process started from the.output'of W.0.P.1, which had to be
sorted into production.sizes tﬁé production sizes had to be
tabulated and thelquantities-pf-each size ‘and thickness
printed out as an array. This array ﬂad then to be regrouped
in accordance with the tabulation at Appendix 3G, by size
ranges 1in accordance with.core4change'p@Ssibilities.

This "core-change" array in turn had to be re-arranged,
after reduction to "shifts required" from ﬁquantity required",
to conform with the eonfiguration under examination. Then a
simulated "production schedule™ had to be carried out, taking
care that where more than one size range could be produced,
the thicknesses being made at one time did not differ by more
than one half inch. Finally, the number of shifts required
to make each size range had to be totalled for each mould-
block, and the result printed out.

The flow diagram at Appendix 6B is a reconstruction of
the original. |

(c) THE DATA TAPES

The ‘data tapes mentioned in thejflow diagram are explained

in detail at Appeéndices 6C, 6D, 6E.
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(d)

(e)

D.T.1 (Appendix 6C) listed the W.OrP;l'sizes in a
convenient order to be grouped into production sizes.

D.T.2 (Appendix 6D) showed the quantities of each
W.0.P.1 size required to be'producéd; and -are different for
each cost period. These were the demand quantities against
which the different configurations were being tested.

D.T.3 (Appendix 6D) listed the production sizes, against
which the quantities required to be produced céuld be set.

D.T.4 (Appendix 6E) listed the block configuration

under examination.

" THE PROGRAM

The computér program, writtén with the assistance of a
Research=Prpgrammer, is shown at -Appendix 6F. It is written

in ALGOL, and was run successfully for two configurations,

. for cost periods 3 and 4, on the Elliott 803 computer at

Durham.

| OUTPUT .

The output - from these runs is shown at Appendix 6G.
Configuration B (modified) shows&that'all mould-blocks would
bé satisfactory (production completeé in léss than 60 shifts)
except for - in cost perioed 3, Block U (UA and UB) which
required 114 shifts to complete the produetion. In cost
period 4 there were no problems.

In the case of Configunationlé, in cost period 3 Block B.
(Bl, B2, B3) completed production in 62 shifts, Block G (@1,
G2) in 72 shifts, and Block H (H1, H2) in 114 shifts. In
cost period 4 also therelwebe ﬁo problems. -

. On thé.strength-of tﬁese'runs, Configuratien B (Modified)

97).



ranks better than Configuration C, but it would be more
satisfactory to run tﬁe program for several more cost periods.
Finally, the program as developed ran successfully, and

could be used to try out_further configurations if wanted.

(98).
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' APPENDIX 6A .
“. .} WORKS ORDERS PROCESSING 1 o , .“
4. ) . o 3.0 Undatod ordera . ' AV, monthly o;
Katorial . Thicknoocs sizo e o e AT T el
i - ) i 8T T 484
Magnoaia AN ' 0 : 104
. ' - AP 3018 ..: . B999
. BA 3201 - . . 7518
BB . 4857 9373
Be 231 . 4672
' BD 1998 7483
BE - 1272 - T 91T
BF .168 2860
Ra 228 - 4743
BH 216 274"
B 180 3638
BK 21 31
BL 177 . £03
i 51 1239
DN 36 . 203
RP 1602 1707
CA 852 1224
co 1668 1058
. €C 582 1417
cDo 16956 1067
cx 1632 1019
o 18 830
- .0 182
CH 40 0
e 0 95
NA 0 78
NB 0 640
NC 0 363
- XD o 432
- NR 135 353
NF o 224
NG . * 633 261
NH 0 160
NJY " 0 H40
N 0 30
NL 1) po
NM 0 b T1R]
NN 0o bo
NP 33749 10050
YA 100 86748
Y
330 110
AN 0 240
T AP 144 541
DA ; L. 40 0o
ni 0 1203
nei ) a1
n nan 102
ny (A1) »iv
na 1440 1nio -
n ] - Al
nJy 60 25344
11119 0 Gh
"ni. [y Ty
BN 120 03
np (99) 4as8 B4
CA 200 164
U 12 -



" . Data
- Tape 2"

Data
Tape '3

Data
Tape 4

. Data.
- Tape 1

v FLOW DIAGRAM

Read in integer
equlvalents of

wW.0.P.1 1nto an
array -

/

Reéd in number' '
of different
thicknesses

.\/.

~ Appendix, 6B

Read in for each of N thicknesses,
order ‘data conrisisting of W.0.P.1

size and quantity for this size.

By checking agalnst 1nteger equi-
valent, place .in- approprlate position
in .array A

. \/

Form array B, grouplngaarm
together*equlvalent W.0.P. l o
sizes into production sizes | -

text form, and produce output tape .

Read in list of production sizes in

showing quantity of each size and
thickness to be produced

/

Regroup data from array B into two
separate arrays for supermag and
paratemp,. on -basis of internal dia-
meters required: . also convertlng-
quantities to be produced into -
equlvalent shlfts

; — \

.Outpufj

Part 1

Output
C Pavt 2

.accordingly.

‘each case.

Read in configuration of moulds in
blocks and rearrange shift data
Compare shift numbers
where more than one size range is
produced, . and select the largest in
In the case of the
smaller shift numbers, deal with the
difficulty of producing different
thicknesses simultaneously (see text,
p-. 82). Sum totals of largest shift
numbers K

N

Produce output-
tape showing
composition of
each block, and
the number of
cylinders for-
each size range
of the configu=-.
ration, and the
total shifts to
complete produc}
tion -

(L00) - - v me o



Appéndixf@Cﬁf

- DATA TAPE 1

Blnary values of code 1etters of sizes from W.0. P 1. (see L

Appendlx BA)

Code - . = - - o S ,f,Code : S
Size - Letter. 'D.T.1.. .. Size;g'petter D.T.1 -, - -

- 11 .  CA 4259.. 7l BH .« 5154
16 . . NA 4270 . 33 - cJ .. 5411
- o T - . .- - .NJ 5422
Cgg.. o BAT w258 0 o oo = o :
‘% : . CB . w37 " . - BJ 5410
' - NB 4398. . - 4 .. CK 5539 -
' L S NK . 5550

Nl

, " BB u3se |
15 CC. . MS1ST oo ., BK 5538
- NC- | u526% - oM o NL 5678

: . ' BC:. 451y .- . ° BL 5666 .
135 -.. .CD . 4643 . : NM . ~ 5806
ND . 4654 R
.o B BM 5794
11 . BD . u4B42 . . -
== ~ CE- . 7%, /. .6 - " NN . 5934 .
: NE  B7827 - o "
o .: L . ‘ 6} AN 5921 -
25 - BE T W770. ., - BN 5822 - .7
: . T - NP~ 6180 i
1. . CF 4899 Lo . S
“ ° NF. 4810 . . T . oq AP 6177
- - L - '~ "BP . . 6178

ol

_ BF - 1898

N

'8 NR. '~ B4uB -

ce 5027 . . . AR 5433
. Ne £ 5038 z BR .~ 6u434

TN
- o] oofjw

BG 5026 e .7 (FA  14262)
3 cH 5185 . .. .. 51@P.. (Fp 4390)
| NH ~ 5166 - (FT 6694)

Calculation QfABinapy»Values

CA = 35 + 27 x 33 = 4259

‘etc. létter A to Z. Code from A=33, 3534;-efé;”to R=50 (Z=58)

~Input - D.T.1

4239 4270 43258 4387 4398 438¢ 4515 45ﬁ6 4514 4643 654 4€42 4771 4732 477() 49‘“‘
4910 4898 5027 5038 5026 5155 5166 5154 5417 5422 5410 5539 5550 5538 55878 3666 .
58065794 5924 5921 5922 G190 G177 6178 644¢ 6433 6434

/‘Gm Uais

'

. . o o s"lsr\csaf"’f N
(101) : ;(\14AP?wp|jﬁ
' A\ sSTTTIoON / :
. o £

o~ S



Appendix 6D

DATA TAPE 2.

- Data tape 2 is produced from the results of "Works Order
Processing 1". |
The tape stérts with N (no. of thickness) which equals 10
. (5 thicknesses each of supermag and baratemp) | |
It theﬁ has pairs of figures straight from W.0.P.1l output,'
i.e. "Code lettef value", "Quantity for C.P.3(L4 etec.)".
.Thus (from C.P.4 example):
5921 (i.e. AN) 0]
6177 (i.e. AP) 0
4258 (i.e. BA) 2871
4386 (i.e. BB) ' 8012
to the end of 1 inch thicknesses of Magnesia
repeat for 13 inch'thieknesseé of Magnesia
then again for 2, 23 and 3 inch thicknesses of Magnesia

then 1 inch, 11, 2, 21 and 3 inch thicknesses of Paratemp.

/

" DATA TAPE 3

Data Tape 3 gives the list of pfoduction sizes to suit
: B : L
0.D. pipe sizes as. vulgar fractions, from %% through to 83".

This data.tape is standard for all programs and is shown below.

\

g . \
Inpu‘t - D.T.3 ' £g11?11/16£84??
' €L81,1727 /32€847??
£€11?17/16284??
£2L1743/32834?7
£21,1?27/16854??
£8L1?51/322547??
€€L,1?17/88S5??
££1L1?19/82557?
£€11?221/86¢8577?
S€L)L?3258??
£e1L1?7/2856??
CLL1749587?
££1179/225€??
££1.).252587?
2EL1?11/2€S5?7
£LL1?76£5877
EE€11?13/28857?
e£L1?77258??
2€L1?15/2e557?
o~ E£L1?385877?
(102) E££L1717/2€55??




 Appendix 6E"

DATA TAPE U4

Data Tape 4 shows the Block Configuration under examination.
For Configuration B (modified) the data fape ends with 99,-ahd;-
for Configuration C it ends with 999, -

A configuration_is-showh in the data fape as-foilows;-fof“,ﬂu

" each mould-block:

Firstufigure: :" number of size ranges in the block-.
" Second figure: . - coding of first sizeVrange'iﬁ the:'
' ' " Dblock (see Appendix 3G)
Third figure: uf.block label of first size range
Fourth figure: . number of cylinders in flrst 31ze range
Fifth-figare; -_: codlng of second size range (1f any)

Sixth and Seventh: as for third and fourth for second
size range .

'The complete data tapes for COnfiguration.B (modified) and
’ Configuratioh C are shown overleaf. Looking at the third block
for Conflguratlon B (modlfled), this reads 2, 2, £WA?, 9, 3, .

EWB?, 'S;_ From. Appendlx 3G lt ecan be 'seen that codlng No. 2

- "
ylS %% x 1 1nch, and cod;pg No. 3 is li% x 1 inch, so the entry

. : ’ ' ' . " ' n '
means:- "2 size ranges in"the-block' first range - %% x 1l inch,-

i

'Bloek WA;SQ cylinders'. second range -dlié- x 1 inch, Blook‘WBg

9 cyllnders", and so on, - -

Vo (10)
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f'l\: _ . i
f : | . COMPYTER PROGRAM TO CALCULATE SHIFTS .

JALCULATION OF SHIFTS; APPENDIX 6F

iozip integer char,up,word,;.:],n,m,N SH z,p,Ts,'rP SHS SHP,
real array S,P[1:5,1:33]; T
1ntef'=er erray x[1:43],A,B[1:10,1:43],SUP, PAR[1: 10],0’ bl.no[l 1OJ TE’X‘F‘[I 100], -
switch ss.-13 14,15; _ ,

e . -

“ procedure: trans; B

beﬂ'xn switch qq: 11- DA e . G e e

e . 01liott(7,3,6444,0,4,0,6445);
. ' ell:.ott(?. O,char,o 4,2,11);
if char_127 or cha.r-3 or cha.r=64 or char=2 or char=4
then goto 11,
. A s )

end,

.

print ££355?MAGNESIAEST2?PARATENPRL2?Size £516?1,0?,
sameline ,££51371,52813?2,0£813?2,5851323, 02,514?1.02813?1.52513??,
sameline,£2,08513?2,5£513?3,08L127?; .
for j:=1 step 1 until 43° do
for m:=1 step 1 until 10 d do

Alm, j1:=Blm, j1:=0;

for j:=1 step 1 unt:i.l 43 do read x[j1;

-7 R R i I !
- s ) s

read N;

for m:=1 step 1 unt:.l N do .
begin ups: -word::O. ) A
for i:=1,2 do o
beﬂ.n trans, »
if char=13 then goto 13; : : -
elliott(3,0,char,0,0,0,0); -
elliott(0,0,up,1,5,5,0);
elliott(2,4,word,0,0,0,0);
upi=up+7; -

end;

for j:=1 step 1 until 43 do
- begin if word=x[jJ then
"~ begin read n; ' : :

if word=4262 or word-4390 gr word=6694 or word=6708 then
ggn read n; m.-m—1, goto 13 end;

Tread n;

gr:.nt £SI1IZE CORRESPONDING TQ?, sameline,n,
£€52?7 in group?,sameline,m,££527not foundfL1??;
stop;

(106) . !
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print ££15?part 2 now:-£11??;

APPENDIK 6 F lend)
Cheet 2

for m:=1 step 1 until N do
g n Alm,1]:=B[m,11+8[n,2]1; Aln,2]:=B[m,3}+B[m,4]+B[n,5];
Alm,3):=B[m,6]+B[m,7]+B[n,8]; Alm,4]:=B[m,9]+B[m,10]+B[m,11];
. Alm,5):=B[m, 12]4+B[m, 131+B[m, 14]; Alm,6]:=B[m,15];
Aln,7]:=Blm,161+B[n,171; Alm,8]:=B[m,18]; Alm,9]1:=Blm,19]1+B[m,20];
Alm,10]:=B[n,21])+BI[n,22]+B[m,23]; Alm,11]:=B{m,241+BIn,25]+B[n,26];
Alm,12]1:=B[n,27)+B[n,28]+B[n,29]; Alm,13]:=B{m,301+BI[n,31];
Alm,14}:=B[m,321+B[m,33); Alm,15]:=B[m,34]; Alm,16]:=B[n,35];
Alm,17]1:=B[m,361+B[n,37); Alm,18]1:=B[m,38]; . -
Alm,19]:=B[m,39]+B[n,40]; Alm,20]:=B(n,41];
Alm,;21]:=Blm,42]+B[m,43];
ond; '

z.-p.-1'
for Jj:=1 step 1 until 21 do

'begin instring (TEXT, z);

outstring (TEXT,p);
. piez;
for m:=1 step 1 until N do
2r1nt digits(6), saneline,ﬁESS??,samsline,A[m,J].
end;

print ££110?BLOCK CONFIGURATION®sS5?ND, IN BLOCK285?SHIFTS212?7?;

for

for b HE ]

s[m':j]

for

step 1 until 33 do
step 1 until N/2 do
DJ]'-OD '

m:=1 step 1 until N/2 do
heg n for j:=1 step tep 1 until 10 do
beﬁ1n Sim, j+4*(m~-1)]: -A[m,j7—41'

end

P[m,3+4*(m-1)] =A{m+5, j1/32;

for J3=12, j+2 while j+4*(m-1)<26 do
beg:._n S[m, j+4*{m-1) } :=Alm, 5+37/21/41;

end

Plm, j+4*(w-1)Js=Alm+5,5+35/21/32;

for Js:=27,3+1 while j-2#(m+3)<21 and j_§3 do

end;

begin 5[m,3]:=Alm, 3~2+*m+3)1/41; ~
Pim, j]1:=Alm+5, j-2* (m+3) 1/32;
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14:

APCPENDIY 6 F Cumb)
Sheet 3 .

read n; if n=95 then goto 15; it n=999 then
gzn print ££15?End of Programme?, stop end;

TS:=TP:=SHS:= $=0; -
for i:=1 ste% 1 until n do

begzn read JLil; Br:nt £F119?; z3=1; instring(TEXT,z); z:=1; outstring(TEXT,z);
road blno[x] 2 int££527??,sameline, digits(2),blnolil;

SUPLi j':PAR[l] .

end,

for m:=1 step 1 until N/2 do A

gin for i:=1 ste op 1 until n do
begxn suP[il: SUP[1i+entxer(S[m,J[i]]/blno[i]+0 8);

PAR[1]:=PAR[i]+entiexr(P[m,J[i]]1/blno[i]+0.8);
if SUP[il<sHS then SUP[i]:=sHS; )
if SUP[il>Ts then TS:=SUP[il;

SUP[1]:=checki (SUP[i]);

if PAR[i]<SHP then PAR[i]:=SHP;

11 PAR[i]>TP then TP:=PAR[il;
PAR[1):=checki(PAR[il);

o
(=]

T

H
S:=TS; SHP:=TP; TS:=TP:=0;
end; ' . '

SH:=SHS+SHP; SHS:=checki(SHS); SHP:=checki(SHP);
print ££s13??,samaline,digits(3) SH,£2117?;

goto 14;

print ££1577;
goto 14;
ond of programme;
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Size

11/16
27/32
17/16
43/32
27/16
51/32
17/8
19/8
21/8

7/2.
9/2
11/2

13/2

15/2 .

17/2

Size

11/16
27/32
17/16
43/32
27/16
51/32
- 17/8
19/8
21/8

/2
9/2

11/2

15/2

17/2

CostT Pewriod 33

OUTAVT PART .

13/2

1,0 1,5
1566 75
11528 648
10097 1428
13254 2085
7623 828
8143 1359
1785 261
10572 2385
195 615
2265 " 783
5223 1404
897 150
3840 2169
198 405
267 - 1263
as1 15
2109 1515
75 78
375 219
0 0

o 0
1,0 1.5
1968 303
4617 0
1686 1260
2581 171
783 519
906 12
648 711
429 1773
768 441
582 444
774 975
300 936
78 222
214 465
333 0
528 316
228 6
4 300
144 156
o 0
0 o

. MAGNESIA
2,0

219
201
27

123
264
549
880
837
516
1299
. 78
879
189
621’

30
228

APPendiIX 6 6.

2,5 3,

oMo

-
~ 00 [+ ]

T
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PARATEMP
2,0
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408
102
39
453
60
909
114
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1557
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204
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615
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216
768
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Areeendix & G (eonr),

CosT PERID 3. OutevT PART 2

~ ConElGurRATION B (wed)
FIGURATION NO, IN BLOCK SHIFTS
ZA 16 26
XA ‘14 - 25
WA 9
WB 9 48
YA 14 17
VA 7
vB 2
ve 5 . 59
N PA 7 .
PB 5 39
QA(18ins) 17
QB(18ins) 3 ,2{
RA 4
RB 2 54
SA 2 _
sB 1 50
TA 3
™ 1 ~ 56
UA 3
UB 1 l 114
HA 3 , 4
\
MA 2 .
MB | 9
LA 1
LB 2
LC 2
LD 2
LE i
LF \ 5%

" Conéguartiony C

Sheel 2

)

CONFIGURATION

(110)

Al
A2

Bl

B2
B3

Cl

c2

»l
D2

El

Fl
F2

G1.

G2

H1
H2

J1
J2

K1
K2

L1
L2

M1
M2

‘N1

N2
N3
N4

NO, IN BLOCK

N

&k NN

SHIFTS

418

62

36

a7

40

417

72

)

114
40
50

26



L - APPENDIX 6 Gofimd)

' i ' . Sheet
CosT Pewriod) 4. outPvT PART L. .
|
MAGNESTA
Size T 1.5 2.0 2.5 : 3.0
i1/16 2530 - 285 ' 51, n n
27/32 - A285 T 'n 0 0 n
17/16 {180 183 _ o o e
43/32 ‘BY 54 " oA2n 0 n r
27/16 4413 707 15 0 ",
51/32 7an '~ e64 25 0 o
17/8 . 1088 o 0 n n
i9/8 ORI 19277 525 0 0
21/8 573 A n n n
3 2001 1A, 540 0 n
7/2 540 2007 fna 0 n
4 - 402 _ - 444 G20 0 0
8/2 : 43176 1153 503 . 51 A
5 48 825 : 158 0 )
- 1172 750 : 68 7 n n
6 ¢ 159 C _eas n n o
13/2 1584 ' 1206 369 6 0
7 ] ' ) ang : n , N ‘ 0
15/2 bRl 201 B 261 0 0
8 - N o) o) n’ n
17/2 n ST 0 0 0 n
PARATEMP
Size . 1,0 1.5 2,0 2,5 i I
11/16 o1 - ) 0 0 n
27/32 neg, : 72 125 an n
17/16 Ao 448 n o n
43/32 1131 n 2 n n
27/16 114 _ 3 18 0 n
51/32 Rctk S c3 gn n n
17/8 N N 0 0 o
15/8 ' . 1sa0 c54 66 21 n
21/8 o0 n o n n
3 411 Al 0 ) i
7/2 £ 468 42 252 . fA
4 0 2 0 0
9/2 709 a1 78 0 51
5 3 0. C o n
11/2 ‘ T3 a0 n o n
6 i 0 0o Iy n
13/2 .3 Q 1n2 n 0
7 n 0 ¢ i1oR n
15/2 n 0 an I ~
8 n o 0 n n
17/2 0 o 0 0 0
‘v
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Y peoendig b G Ceond).

Sheet 4
CosT PERWD ‘4 OuTevT PART 2_
e
~ ConNFlGURATION B (med) : _ C onNEteu anTiony C A
TIGUIATICR ¥, IN BLNACK QEITTS CONFIGURATION NO, IN BLOCK SHIFTS
A - 16 12 . Al o
A2 o 25
wp 14 ' 20
'. 21 3
ra ) ' ey B2 . R .
R g a : 25 ‘ B3 5 34
v “ 11 ocl o
' n2 5 18
e 7
hiac ] nI R
e [ a2 D2 5 51
™A [ 4 boh | 7
ne 5 28 r2 3 25
n5{18ins) 7 F] 2
coliginsy ' 3 3 P2 - 32
o 4 G1 2 .
PR 2 20 a2 3 9%
e 2 , "1 1
SB 1 15 w2 1 ns
TA 3 J1 1
™ 1 o J2 ' 2 k)
A 3 . W 1
™ 1 »3 3 2, SR
e .3 a 11 1
up 2
- 1 n M 1
: LE3C o e
T.A 1
L 2 M1 2
T.7 2 N2 )
. 2 “ M3 A
7 1 ial i 1
LT 1 24

.



(a)

. CHAPTER 7. .:. COMMENTS AND CONCLUSIONS

GENERAL COMMENTS

Althopgh this projéct was mainly concerned with the
effect of mould-block configufation on production, it was
clearly seen that other problems existed at the works which
had a considerable bearing on the difficulties of the
Production Department. Some of these problems were being
tackled concurrently with this project, and others would
have been tackled if the work for this Company had continued.

These probléms included the following:-

~

(1) ' Sales Department Infdrmatibn The Project "Works Order

Processing", referred to particularly in chapters 5 and
6, was a Data Processing project designed to give rapid
information to the Sales Department of orders received.

A program had been developed and was working well to

produce information in the style shown at Appendix B6A.
This information would also be of value to the Produc-
tion Department if grouped into "production" sizes.

(2) " Demand Torecasting Anotﬁgr M.Sc. candidate,

Mr. G.W. Hannan, was working on' a sophisticated method

of Demand Forecasting, using historical data and trend

(113)



information. .Computer programs (entitled FORTICUM

and SIMPLICUM) had been obtained from ICI Ltd. and
adapted to this problem, but the thesis has not so far
been presented. The'present ﬁriter has himself carried
out a superficial examination of’the possibilities of
forecasting demand reasonably accurately, this being an
established OR technique. One method,.using
exponential smoothing is described by Robert G. Brown

in his book "Statistiecal Forecasting for Inventory
Control" kNeW York, McGraw Hill, 1959) pages L5 et seq.
Tﬂis method was explored, using the'production data for
supermag, 1 inchftﬁick.fof %%" pipe, starting in August
1960, and working thnopgh to 1964. Various smoothing

. constants ranging,fpbm.&:o.l to a=0.5 were used. In
this method, the smoothing constant holds the key to the
response - a small value (0.1) gives a slow and gradual
response, wﬁereas.a high value (0.5) causes the estimates
to respond quickiy, net only to real'changes but also to
randbm,fluctuations. In-the'preSent situation, the
actual changes were so great that even with a smoothing
. constant of 0;5;-1arge.cumulative deficits occurred

(at times production was nearly 4000 feet in arrears),

. followed by equally large surpluses of stock. A lot
more effort would be needed in this direction to produce
a reasonable forecasting seriee'foﬁ the whole range of
sizes of insulatidn; Another.possible,foredasting

: technique'mighf'belto analyse'the'SaleS'Department

information_from:subparagraph-(l) above, to see if a

- .(114)



relationship exisfs between figures showing known orders
for, say, May at the beginning of April and known orders
for May at the beginning of June - i.e. if a fairly con-
stant ratio exists for known orders forecast two months
ahead for any particular size, with the completed order
book for that month, this ratio could be used to base
production’month by month on the forecast figure - refer-
ring back to Appendix 6A, using the demand forecast for
cost period 5, multiplied by the constant ratio, as a pro-
duction planning_figure.at the beginning of cost period 4.

(3) Materials Used It was considered that the position 'would

be greatly simplified if only one basic raw material were
. used. This was suggested to the Management, who did not
_ feel that, at that time, this subject should be explored
in depth.

(u)iiOtHef Metﬁddedf Manufacture Competitors were obviously

- using different methods of manufacture, and a comparative
study would haVe'beén of great interest. However, -

. commercial security problems would probably rule out such
an inveStiéation.

(5) " Drying Process’ Thé'eXiSting system of removing the wet

pieces of insulation from the moulds by hand5 placing them
on bogies, and so transportihg them fo the'drying tunnels
. for a week, seemed to need investigation. A standard
_gauge for the ‘track would havg_given more flexibility.
(6)"Fiﬁishin5 It was not clear why pipe sections of insula-
. tion were cast in one piece and then split 1engthwise by
machire. Tﬁe”wﬁble_fihishing'prqcess seemed to need

investigation, to cut down the amount of machining required.
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(7) Storage It was considered that a profitable .study. could.
have been done on the existing system of storage at the
factory, in‘the'depots, and on sites; tpgether with the
distribution system between them: Such problems as
whether large stocks of less popular sizes should be held
(usually consisting of thejlarger sizeS): and what pro-
portion of future demand should be so stored, required
examination. A study to determine'the'size.bf-safety
stocks, using historical datas 1is another that could have
provided useful reSults:

(8) Costs Preparations were in hand;.at the time of the
ending of the prOJect to 1nvest1gate costs of manufacture,
storage and dlstrlbutlon, and also the ‘equipment overheads.
Some of these costs would have had an important bearing on
the mould-block configuration study: For example, in the
case of those sizes for which demand was small,.it.might
prove cheaper to produce a large quantity - say a year's
requirement - and store 1t rather than attempt to produce
them as required. If this was the'case;nit might be
préferable to.gathef tpgethen tH¢se'sizeS‘in mould-blocks,
rather than distribute ‘them as was done in the configu-
rations designed for trial in the proiedt.

Apart from these'suggeéted investigations, tﬁé'ambunt.of'
data available at the works had a bearing on the projects
actually undertaken. Although, as has been seen, a'lapge
amount of production data was forthcoming, other information
was unfortunately lacking. As an example, there appeared to
be no sales forecasting carried out and therefore no forecast

demand figures, which would have provided a better set of data
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on which to base the simulations described in chapters 5 and 6.

(b) CHANGES IN THE INDUSTRY

More than three years have elapsed since the last
practical work was carried out on this project. It is of
interest to see what changes have taken place in the manufac-
ture of thermal insulation-since.then;

The main factor which has had impact on the indusfry has
been the effect of asbestos on health. For many.years there
were suspicions that workers in asbestos were at risk as far
as their lungs Weré-concerned. These suspicions have now
become a near certainty, with the result that'stringent pre-
cautions have to be taken where workers are exposed to these
hazards.

This was a seribus'matéer to the Insulation industry,
which has always relied upon.the iriclusion of asbestos to
provide the insulating material with the'neceSsary.strength.

A second factor hgs.been the difficulty of obtaining
supplies of the asbestos, wﬁich formerly came mainly from
Rhodesia.

Accordingly, the main efforts of the'R.'&'D..staff of
th;rmal-insulation manufacturers Has been to find a suitable
substitute for asbestos. Several materials have been tried
out, the most promising being wood pulp = largely ex;nacted

. from paper - and glass fibre.  Problems still exist in the -
. use of these materials, but many firms are using them satis-
factorily, thereby making the.stringent'health precautions'
required for asbestos unnecessary. It is probably not too
much to say that without the development of such substitutes?
many firms would have had to go out of business due to the |

difficulty of coﬁplying with the health regulations.
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In other respects, the particular part.of'the
manufacturing process with which this péper.is concerned has

continued, and as far as Company 'X' is concernéd, expanded.

(c) SUMMARY AND CONCLUSTONS

The main. purpose of this thesis has been to demonstrate
that Operational Research uses theﬂsame'fechnique as
Scientific Method, and follows the same distinct stages.

Thus, an assessment of the problem was made at'the.outset,

which was revised in the 1light of further knowledge of the
production system. A large amount of data was made available

on output; apa further factual data regarding the detailed
moulding process was collected. This data was analysed, and

the general trends in production of the various sizes of pipe
insulation were examined. A model of mould-block configura=
tions was made, from which various configﬁrations of mould-blocks
could be devised.

A hand simulation of produétion, both using the existing
configuration and a newly devised configuration; was
painstakingly carried out, and a possible rearréngement of
mould cylinders in the mould-blocks was suggested to Management.
Finally, a computer program was developed to the stage when
any configuration couid be tested in order to select the most
efficient one, using historical demand data. This-prpgram-
was actually tried out in respect of two- different configura-
tions, in order to check its method of working.

The only part of the routine, which has not been
demonstrated, has been the continuing check on performance.

This.unfortunately was unavoidable under the circumstances.
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The vehicle for this demonstration was the particular
problem of the production scheduling of the manufacture of
precision moulded thermal insulation in the Chemical Company-.
This has proved to be an interesting probiem, only part -of
which has been tackled in this thesis. The suggested
Configuration B of mould cylinders iﬁ mould-blocks would have
made the job .of production confrollmuch easier, and production
scheduling could héve been carried out on ‘the lines used in.
the hand ‘and computer simulations. '~ More work, on the lines
of the general cOmmenté listed above; remained to be done, but
with an efficient demand forecasfing system as indicated, -
Production Control could have put th?ir scheduling problems
with safety in the hands of theif ED?-staff, if recruited, or

otherwise with a Bureau.
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" BIBLIOGRAPHY

An extensive search has been made of boﬁks and articles
and patents concerned with the production scheduling of the
manufacture of precision moulded thermal insulation, and this
has pesulted in the following annotated bibliography. This
bibliography is divided into the following:-

(a) Operational Research methods ineluding production

scheduling and inventory control

(b) Manufacture and use of precision moulded thermal

insulation

(c) Patents

In the case of (a), OR Methods, there are of course a
multitude of books on Operational Research methods, many of
which are known to the author. -Only those books and articles
are included which the author has consulted in fhe course of
this thesis.

In the case of (b), Thermal Insulation, most of the
references are concerned with either the chemical side of
manufacture, or the firms producing insulation,or the’design

of insulation for plants requiring it.
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(a)

In the case of (¢), an exhaustive ‘search at the National
Reference Library for Science and Invention (formerly the
Patent Offlce lerary) was largely unproductive. The cafalpgues

system there is a subjective- one, rather than an objective

one. That is to say, patents are classified by the "method
of production", and not by "what is produced”. This of course

makes the work:of the classifier easy, and probably satisfies

- 99% of thoee who use the'library, wHo are interested in

patented processes, and in any case are concerned mainly in
watching for new patents as they appear. For the individual
researcher, however, an inveétigation-such as this is a lengthy
process. The main heading concerned is "Moulding non-metals
BSA". Probably more than 95% of the'patents in this category
are concerned with the moulding of rubber and plastic
substances, nothing to do with insulating materials. In
desperation the author turned to-tﬁe'éompany.cdncefne&, who
very generously looked out a list of all paténts which have
anything'to do with the subject. On these are based the
contents of this section of the bibliograpﬁy;

OPERATIONAL RESEARCH METHODS, PRODUCTION SCHEDULING"'INVENTORY

CONTROL

Béoks about OR

1. MORSE, Phlllp M. and KIMBALL, George E, "MethddS'of Operations
Research" The M.I.T. Press, Cambr;dge, Mass., 1350

2. HOULDEN, B.T. (editor) et al (OR Group of the NCB), "Some
Techniques of Operational Research", EUP Ltd., ~
London, 1962

These two books were selected from a large amount of literature
on OR, as guides in the writing of chapter 1. The”Definition

of OR used appears in both books, and theisubmarine'eXample'is
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in Ref. 1. Ref. 1 is mainly written round the authors'
experiencé of OR in World War II, and the exXamples are there-
fore military ones.. Ref. 2 was written by various authors
commissioned by the National Coal Board, and many of the
chapters refer to Ref. 1. Both books are eminently-readable

and together give a good account of OR in practice.

Books about Prioduction Scheduling and Inventory Control

3. BROWN, Robert G., "Statistical Forecasting for Inventory
Control", McGraw-Hill Book Co. Inc., New York, 1959 °

4. MAGEE, John F. and BOODMAN, David M., "Production Planning
and Inventory Control", McGraw-Hill Book Co. Inc.,
New York, 1958 and 1967 .

5. BATTERSBY, Albert, "A Guide to Stock Control"ys Pitman,
London, 1962 ' o

6. BUFFA, Elwood S., "Production-Inventory Systems: ' Planning
and Control", Richard D. Irwin Inc., Homewood, "
Il1linois, 1968 '

7. MOORE, Franklin G., "Production Control", McGraw-Hill Book
Co. Inc., New York, 1959 '

- 8. RODGERS, Winston, "Production Control in a Printing Firm",
DSIR Industrial Operations Unit Study Report, London,
1963 ’

9. RODGERS, Winsten, MA Case Study of stock control wﬁerei
steady production 1§ desirable", DSIR Industrial
Operations Unit Study Report, London, 1963

10. VAZSONYI, "Scientifi¢ Priogramming in Business and Industry",
Wiley, 1958 ' §

Refs. 3 and 4 are really companioh volumes, and tpgether'give

a thorough treatment of the available-techniques in this field.
Ref. 3 was particularly used in the author's examination of
demand forecasting (chapter 7). Ref. 5 is a very readaﬁle
book, and particularly informative on such subjects as Economic
Order Quantities. Refs. 6 and 7 are more 1engtﬁy books, to

which reference was made. Refs. 8, 9 and 10 were found to be
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(b)

a very useful introduction, and were examined with interest
at the beginning of the project.
MANUFACTQBE_AND‘USE'OF PRECISION’MOULDED'THERMAL!INSULATION

Books

11. MALLOY, John F., "Thermal: Insulation", Van Nostrand
Reinhold Co., New York, 1868

12. ALLSWORTH, A.J. (editor), “Insulatibh'Handbdok';363-70

edition", Lomax Erskine Publications, 1969

13. WESEMANN, E.J., "The Piping Handbook 1967", Chapter 6
Thermal Insulation, 5th edition, 1967

These books are mainly written for engineers concerned
with the deeign of pipe insulation. Ref. 11 is a recent
publication on this subject, and Ref. 12 a new edition of the
handbook, which has the aim of bringing tpgether as many facts
and figures as possible to help those using or specifying
insulating materials. Ref. 13 discusses the various types
of heat insulating materials, and all three publications con-

sider these materials and indicate which.firms can supply them.

" ‘A total of 4l references were checked in 20 periodicals,

of which the following 18 were of interest in this project.

14, Flexible Refractory Insulation, Production Equipment Digest,
11, No. 5, May 1964 (100)

15. Thermal Insulating Materials, Design and Components in
" Engineering, 24 September 1964 (6-12)

16. Insulation - Materials and Methods Review. 'The‘Steam
" and Heating Engineer, 34, No.395, October 1964 (42-57)

17. NEWALL'S INSULATION & CHEMICAL CO. LTD., Newall's
Superplastic 85 - Plastic Insulation suitable for
use in temperatures: up to 1010 C, Production

" Equipment Digest, 12, No. 5, May 1965 (&)

18. Profile, Thsulation, 9, No. 5, Septembér/October 1965 (2u43)
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19. CHAPMAN, F.S. and HOLLAND, F.A., Keep Piping Hot (by

Insulation), Chemical Engineering, 72, No. 26,
December 1965 (79-90) '

20. Thermal Insulation (Rocksil and Caposite) - Recommended

Thickness, Chemical and Process Engineering, u8,
No. 1, January 1967 (72-73)

21. EDGE, Martin, High Temperature Thermal Insulation, Power
" and Wdrk_Ehginegring, 62, No.728, February 1967 (13-20)

22. Magnesia Thermal Insulation,'THE'Steam‘and'Heating Engineer,

37, No.425, April 1967 (62)

23. Insulation Moulded Sections,'The Steam and Heating Engineer,
37, No.u425, April 1967 '

24, MeWILLIAMS, J.A., Microtherm, a new High Performance Thermal
Insulation, Insulation, 11, No. 5, September/October
. 1967 (227) '

25. SHARP, J.H., UPCHURCH, F.N. and WEST, D.E., Special Report,
Introduction to the thermal insulation industry, factors
affecting the selection and application of thermal
insulation materials; Suppliers and Contractors,
Process Engineering, January 1968 (27-39)

26. GOODSELL, D.L., Thermal Insulation, Engineering Materials
' and Design, 11, No. 5, May 1968 (747-755) ’

27, TFIBREGLASS LTD., Insulation Efficiency increased without

28. DICK'S ASBESTOS CO. LTD., Mineral Wool Insulation has uses

29. Insulation Innovations, Works Engineering, 63, No.7u9
November 1968 (6u4-68)

30. 1ISAACS, Max, Selecting efficient, economical insulation,
 Chemical Engineering, 76, No. 6, March 1969 (143-150)

31. BLAKELEY, J.D., Trends in the usé of thermal insulation,
' " Works Engineering, 64, No.750, October 1969 (19-21)

The following periodicals also contain articles on
insulating materials, but not of relevance to this study:-

Heating and Ventilating News

Industrial -Process Heating Review"

Steel Times

Journal of American Ceramic Society

Journal of British Ceramic Society
Refractories, Russia

Chemical Processing

European Chemical News

Journal of Institute of Engineers, Australia
Mining Annual Review
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The list of periodical references can be broadly

divided into four categories, some appearing in more than

one, as follows:-

Reviews of the use of insulation, with details and photpgraphs
of materials usedj; of use mainly to engineers concerned
with design, but useful background to the project.

Refs. 14, 15, 19, 21, 25, 26, 30.

Lists of suppliers with details of. the materials they make 4
and insulating contractors. Refs. 16, 25, 26, 31.

Information about individuél suppliers and their products.
Refs. 18, 20, 22, 23.

Information about new materials, principally fibre glass and
wood pulp. Refs. 17, 24, 27, 28, 29, 31

In addition to all the above, the author of this thesis
. had at his disposal various trade catalogues and publications
produced by the Company concerned.
(c) ~ PATENTS
The principal interest in patents lay in.fhe preparation
of chapter 7(b) - changes in the industry. Twehty'British;
one Canadian and sixteen US Patents Wereffound, dealing with
the manufactﬁre of Magnesia and Calcium Silicate Insulation.
In the case of Magnesia, the'patents examined stretched
back to 1937 (US) and 1942 .(British) and dealt with aspects of
. current and past metﬁods.of manufacturef The'most recent
(post 1964) were as follows:-

32. Br:l,112,u465/May 68 Co. de St-Gobain, France - . the. use
of a fibre mat of vitreous material for insulation

33. Br.1,133,495/Nov.68 Chemical & Insulating Co..Ltd., UK -

. the. use of wood pulp in place of asbestos in Magnesia
insulation-
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34.

35.

36.

317.

Br.1,136,811/Dec.68 Foseco Trading A.G., Switzerland -
method of producing insulation in a continuous sheet
or strip for subsequent cutting

Br.1,147,905/Apr.69 EURATOM, Belgium - a new type of
insulant mainly for nuclear reactors, formed by
immersing a hot tube in cold liquid

Br.1l,154,324/June 69 Cape Insulation Ltd., UK - the use
‘'of mineral fibres - asbestos, rockwool, glasswool,
slagwool

Br.1,157,239/July 69 Kabel und Metallwerke G.H.H.A.G.,
Germany - continuous method of manufacturing thermally
insulated pipes complete

In the case of Calcium Silicate, the patents examined were

dated from 1940 (US) and 1954 (British). The post-1964 relevant

ones are as follows:-

38.

39.

40.

Br.984,112/Feb.65 and US.3,238,052/March 66 Unilever Ltd.,
UK and Joseph Crossfield Ltd., UK. Not directly
relevant - relates to the manufacture of silicate
materials (synthetic hydrated calcium and sodium
alumino-silicates)

US.3,317,643/May 67 Owens-Corning Fiberglass Corp. USA.
The production of synthetic xonotlite and refers mainly
to autoclaving

US.3,352,746/Nov.67 Johns-Manville Corp., USA. Relates
to the reduction of shrinkage of hydrated calcium '
silicate bodies by controlling the effective surface
area of silica reactant '
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