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Vital to a manufacturer's success is the ability to make

accurate estimates of production costs.

The foundry industry presents particular problems in cost

estimation because of a number of unquantifiable variables.

Cost-estimating in the foundry industry involves a degree of

guesswork, and inevitably inaccuracy.

It is believed that the ability to classify castings into
categories will result in more accurate and efficient cost-
estimating for the foundry industry. Some classification
systems have been developed, but they either have limited

application or have yet to be shown to work.

The classification system developed in co-operation with a
*
foundry and described in this thesis willyit is believed,

produce an accurate method of cost-estimating.
Subseguent analysis of the classification system has validated the
narameters of the classification system and resulted in a simple

equation which predicts the cost of any casting with an

* Footnote: Johnson Radley in Pudsey, Yorkshire,



accuracy which is at least equivalent to a cost-
estimator's accuracy, and is much quicker. The variables
inserted in the cost equation are the digits of the classification

numbers which define a particular casting.

The approach used in developing the system has potentially
broad applications within the foundry industry, not only in
cost-estimating, but as a tool for organising the total

foundry operation.

The research is in three parts:
(1) To develop a cost-estimating system for
Johnson Radley.
(ii) To develop a cost equation using the Company's data
and the classification system. '
(iii) To describe how the approach used in developing the

system could have widespread application.

Key words: 'Foundry classifications schemes’
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INTRODUCTION

Although the casting process came into existence during the bronze
age, it is certainly not outdated, in fact it is one of the
production processes essential to providing the goods necessary

for modern society.

Virtually all metal products go through a casting stage, some are
cast to complex shape and may even be used in the as cast form,
others pass through the cast state during the production éequence,
for instance metal bar and sheet is usually cast into ingots early

in the production sequence.

There has been considerable technological development within the
foundry industry, i.e. that part of the metal industry which casts
finished or semi-finished components. Developments such as new
alloys, better furnaces, more efficient materials handling equipment
and better moulding materials have all been an aid to the casting

process.

However, while the technology has developed, the Foundry Industry
has been slow to adopt scientific management techniques. Largely
as a result of poor quality management this essentially capital
intensive industry, provides a Tow return on investment - compared

to most industries it is in an unhealthy condition.



It is believed that the industry's efficiency could be greatly
increased by a more sophisticated approach to such factors as
production scheduling, development of accurate cost centres

and improved cost-estimating procedures.

Although the problems are different, a lot can be learned from
manufacturing industries* where there has been considerable work
done on developing systems which lead to better use of plant,

labour and raw materials.

The term "Group Technology" has been used to describe a method
whereby components can be classified into groups, enabling the
many variables associated with manufacture to be significantly

reduced in number, hence simplifying analysis.

Classification of products into groups could also lead to
widespread benefits for the foundry industry. Whilst problems
and approach may be different the principle of reducing the number

of variables to simplify analysis is the same.

This thesis is concerned with looking at a "typical" foundry
in a competitive economy with the aim of developing a classification
system to be used as an aid in one of the problem areas of the

foundry industry, namely cost-estimating.

Footnote: For the purposes of this thesis a process industry is
defined as one in which no discrete items can be
identified at some point during the production, in
contrast to a manufacturing industry where the
production processes alwavs act on discrete items.



The approach to the development of the classification scheme is
believed to be original. Subsequent to its development, the scheme
underwent a critical statistical analysis in order to validate

the parameters on which it is based.

The problem of accurate cost-estimating is discussed and existing
classification schemes studied with a view to adopting those features
that could be used to solve the particular problem in question.

Then having given the reader some of the company's background,

the development of the classification scheme, in collaboration with
the company, and the subsequent analysis are discussed in 'considerable

detail.

The lessons learnt from this approach are discussed in order to
lay the guidelines for other companies wishing to develop

classification systems to help solve their problems.

Finally some ideas for further applications of classification systems
in foundries are outlined and it is hoped that this will lead to

further research.



CHAPTER 2

THE VALUE OF CLASSIFICATION IN CASTINGS

PRODUCTION

To set this work in perspective it is necessary to

lTook at the Foundry Industry, as a process industry and
consider why the ability to classify castings into groups
is helpful in solving some of the problems facing the

industry.

The casting process has not fundamentally changed for
centuries, but the variety of metals and the process

variables have become increasingly more sophisticated.

"A casting may be defined as a metal object obtained by
allowing molten metal to solidify in a mould, the

shape of the object being determined by the mouid cavity" (1)

Versatility, economics and metallurgical properties may
all be reasons for casting instead of using ancther metal-

shaping process such as forging or machining from solid.

To understand the many variables which must be considered when
producing a casting, the process willbe discussed in more

detail.



2ol The Foundry

Foundries work either in ferrous or non-ferrous metal, but

basically the process is the same in both.

Foundries are categorised by the nature of their work and

their organisational structure, for example:

2.1.1 The Jobbing Foundry has a plant which usually

contracts to produce a casting, or a small number

of castings of a given kind.

2.1.2 The Production Foundry is a highly mechanised shop

which can produce large numbers of a given casting

at a relatively low cost.

2.1.3 The Semi-Production Foundry is one in which a portion

of the work is of a jobbing nature and the rest is

production castings.

&id The Casting Process

A mould is made of some readily formed material, such as
moulding sand, around a pattern. The pattern is removed and
its imprint forms the mould cavity into which the molten

metal is poured.

Hollows or cavities in a casting are formed by putting cores

in a mould.



There is generally a strong relationship between the number
of cores in a mould and the complexity, in terms of production

difficulty of the casting.

Moulding consists of all operations necessary to prepare the
mould for receiving the molten metal, including setting

the cores in the mould.

When the metal has solidified the sand is separated from the
casting by a process known as "shake-out". The casting is then
cleaned by removing any burnt-on sand and fettled. This
involves removing all extraneous metal - including the

runners which are the solidified metal in the hq?es leading
into the mould, and the metal which has formed fn imperfections
in the mould. Fettling can be a lengthy process, depending on
the quality of the mould, the complexity of the casting,

and the properties of the metal.

The casting may then need to be surface treated, heat treated,

or both.

The casting process is, in principle, simple, but there are many
factors involved in the manufacture of castings, which can

produce problems.



243 Problems Encountered in Founding

2.3.1 Marketing

Due to the flexibility of the process, the large variety
of shapes and sizes of castings often make it difficult
to determine the relative value of particular product
types, hence the problem of defining the most profitable

markets.

2.3.2° Pricing

Many of the factors involved in casting are difficult
to assess in monetary terms. Pattern costs, scrap
rates and fettling times must all be taken into
account in the cost-estimate. An apparently simple

job may end up being complex and expensive.

2.3.3 Molten Metal Preparation

The metailurgical properties of metals change according

to the rate at which they cool and foundry's customer

will often specify the properties he requires. Also the
initial temperature, the rate at which it is allowed to

cool and the composition of the metal, all affect the quality

of the casting. In order to reduce scrap to a minimum the



Foundry must carefully control the temperatures and rates of

cooling.

Another problem is that there must always be a sufficient
supply of molten metal, while a surplus will waste

expensive energy.

2.3.4 Methoding

Methoding plays a major part in the "art" founding. It involves:

(i) Choosing thecorrect material for the cores and
mould;

(ii) Deciding what can be moulded and what should be
cored;

(iii) Considering the way in which the pattern should
be designed to make core-setting and fettling
inexpensive;

(iv) Ensuring that the mould will fill rapidly and
completely;

(v) Maximising the yield per casting, i.e. minimising
the difference in weight between the metal used
in making the casting and the finished casting;

(vi) Attempting to forecast problems that may occur
during casting and then taking corrective action
e.g. core misplacement can occur if the patterns

and hence the moulds are not designed to Tocate



the cores positively. The methods engineer
will consider this before the pattern is

manufactured.

2.3.5 Moulding

Production must be as continuous as possible so that the plant is
fully utilised. To ensure this the patterns and

cores must be ready when needed, the moulds must be

made and the cores set, so that the metal can

be poured without delay.

2.3.6 Knockout and Fettling

[t is important that the knockout and fettling areas
keep up with the flow of work. It is particularly in
the fettling department that the bottle-necks often

occur, (2)
2.3.7 Inspection
The casting must be inspected to make sure that there

are no voids in the metal, and that they are within

specified tolerance Timits.
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The problems of marketing, pricing, reducing scrap rates, scheduling

and dimensional tolerance must all be considered, not only in isolation,
but 2also in relation to each other. For example, methoding and
scheduling will affect fettling; marketing (determining the

type of casting to be made) may affect the demands of the core

and fettling departments.

2.4 An Approach to Solving Problems Encountered by the

Foundrz

Considerable work has been done on solving the problems a
manufacturing industry encounters by the development of an
approach called "Group Technology". This approach has
nad considerable success in both the industrial West,

and in Eastern European countries.

Group Technology is based on the principle "that many
problems are similar andthat by grouping them by

their similarity and separating them by their differences,

the number of problems are significantly reduced. (3)

A number of articles have been written about the application

of Group Technology to various companies. (4, 5, 6, 7, 8)

The success of Group Technology derives from the ability to

classify components. A number of different classification

; AL
systems are used in the menufacturing industry, (3 10, 1)



some have to be "tailor made" to fit the company's individual

requirements, others may be adapted from a common basis.

Classification schemes do not always rely on describing
the workpiece in quantitative terms. The method of
Production Flow Analysis, for example, considers the

manufacturing operations performed on the workpiece. (10)

It is only by using a classification scheme that a
large number of variables, in terms of machines and components,

can be grouped into a smaller and more workable number.

Having established groups, each facet of the company's
operation can be studied. This covers buying of raw-materials,
semi-finished and finished parts; the production processes
which should Tead to a group or flow-line layout; the

sales and marketing areas, leading to the establishment

of the most profitable products; the cost centres, leading

to the exposition of the expensive areas in the company;

and the utilisation of worker incentive schemes.

The term Group Technology is generally used to refer to
manufacturing industry rather than a process industry such
as the foundry industry, however, the application of
classification systems could lead to widespread benefits

in the foundry industry.



Many of the problems discussed earlier in this chapter could

be greatly simplified if castings could be classified.

This thesis is concerned with the development of a classification
scheme to make estimating the cost of jobs more accurate.

Other areas of a foundry's operation, where classification

could also be used, will be discussed briefly. The classification
system which has been developed adds some original ideas to
existing systems, in adapting to a particular foundry's

requirements.

To set this classification scheme in perspective the work

already done in this field will be reviewed.

12«
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CHAPTER 3

A LITERATURE SURVEY OF CLASSIFICATION

SCHEMES FOR THE FOUNDRY INDUSTRY

Apparently classification schemes for the foundry industry

have only been developed in Eastern Europe and Britain.

The Eastern European schemes have been developed for large
sectors, if not all, of the foundry industries in the
countries concerned. This is hardly surprising as it
reflects the nationalised character of their industrial

system.

Hence the classification systems aim to be extremely broad,
although not necessarily at the expense of detail, so that
the large steel foundry can use the system as effectively

as the small cast iron foundry.

The British Classification schemes have been developed on

a company basis, although it is hoped that in future some

of the research associations connected with the foundry
industry (such as the British Cast Iron Research Association)
may work on classification for use in whole sectors of the

foundry industry.

The difference in the approach of British and Eastern European

schemes will become apparent in the ensuing literature review.



3. The Eastern European Classification Schemes for

the Foundry Industry

Mitrofanov, well knownfor his contribution to Group Technoiogy;(12)
led other researchers to consider classification in the foundry
industry. The papers published were not available in English

until 1971-1972, when T. J. Grayson and T. A. Sparrow translated
descriptions of a considerable number of classification schemes

for the foundry industry.

Rosenberger, an East German, reviewed the possibilities of
applying Mitrofanov'sapproach to the Foundry Industry. He
said that increased foundry productivity is possible by
utilising reserve capacity which is ", ...created by radical
standardisation of pattern making and moulding practice,
perfecting techniques, the most efficient utilisation of
production capacity and improved organisation of Tabour" (13)
He explained that efficient production planning in the minumum

amount of time called for the grouping and classifying of

castings according to "...design or technical characteristics...".
Rosenberger gives examples of standardisation in the machine

moulding shop, core shop, and fettling shop. He continued

the development of a classification scheme for rationalisation of

the production processes and in 1963 published a paper with Mattner and
Kuhne outlining a classification scheme. (14) The authors explain in

this paper that unlike the machine tool industry, the foundry industry

"had Tittle influence on the overall assortment of castings"”



which are generally requisitioned by the mechanical engineering
industry, without much regard for "foundry technical matters".
Perhaps the most relevant point they make is that in design of
classification schemes for the foundry industry it is not
geometrical similarity which is considered the main attribute,
since it is all the same whether cylindrical or prismatic

castings are made in a moulding box".

The scheme which Rosenberger and his colleagues propose

(see Appendix 1A) considers three primary features:

1] Complexity in moulding
(] Complexity in core making
3 Basic Geometric shape

These three features are divided into "main group", "group"

and “sub-group" respectively.

The secondary characteristics are:

[ Moulding box size and number of castings per
moulding box;

o The wall thickness;

[ The manufacturing process (dry sand casting,
shell moulded castings, etc.);

° The type of production; (manual, machine, etc.);

® Material;

] Special conditions for the quality of the casting;

13.



? Batch size;
L] Delivery requirements;
¢ Technical requirements of the pattern;

2 Machines used in the process.

The abovementioned scheme is designed to sort a wide variety of
castings into groups, and whilst it certainly considers the most
important parameters, without more detailed information on

the system (which is unavailable) it is not possible to
determine whether Rosenberger and his colleagues have been
successful in delineating the various sections in the secondary
classes. For example, when considering the wall thicknesé

of a casting, how does one know which walls are important and

thus, should be classified.

Perhaps the greatest contribution to the art of classification
of castings in Eastern Europe has come from Malek and his co-

(15). They argue "that shape and size of a casting

worker, Burda
are the main indicators of technological similarity according to
which the castings are classified". Furthermore, the shape
of a casting is classified according to technological complexity,
dimensional tolerance, and physical and chemical properties.

The size of the casting is specified in terms of its weight.

The first component of the classification scheme comprises

five categories.



s

For each "group" there are ten "classes" specifying more
detailed geometry of the shape of castings from purely prismatic
to complex combinations of various different shapes. Each

class is further divided into "sub-groups" which are

defined by drawings.

Thus there are 5 groups, 50 classes, and 500 sub-groups. In
essence the process of classification involves assigning

a weight and complexity digit, deciding which geometric
shape the casting describes and then comparing it with 500
sketches to assign a sub-class. It should be noted that
individual sub-groups are given names according to their

visual impression, e.g. a cover, a gear wheel etc.

Malek continued his work and in 1965 published another

paper (16)

, in which he comes to terms with the inability

of foundries to adopt technical innovation. A particularly
relevant quote of Malek's for Britan's ailing industries

is, "In spite of numerous steps towards extended information

and education we still make castings by means of outdated methods
and we are not able to use the achievements of science guickly
and effectively”. As an example he mentions that foundries

are not using sand mixes that have been found, by research, to

be more effective than the "traditional mixings .... Our

National Economy thus suffers great losses which each of us

feel in our own pccket".
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More information of Malek's classification scheme is published
in this paper.(I%% divides castings into classes (as shown in
Appendix 1B). [t is a more detailed classification scheme.
Although it is self-explanatory a few points are worthy of

mention.

The "shape analysis of a casting" indicates the complexity

of production. The shape "class" is a quantitative description
of the geometry of the castings, with carefully defined ratios
which specify the boundaries between one class and another, e.q.
the ratio of the width to the length defines whether or not

a casting is "longitudinal”; a "flat" casting is defined by

HS (L + W)/4, where:

H is the height of the casting
W is the width of the casting

L is the length of the casting.

Digit six defines a "type of shape", itspecifies one of nine,

10 x 10 matrices whose axes are digits 7 and 8. These matrices
contain pictures . Classifying a new casting involves

choosing the matrix and then comparing pictures with the drawing of

the new job to establish the horizontal and vertical axes of the matrix.

; 17 : : : . Je :
H. Pacyna'?) contributed some interesting ideas to classification
of castings. He regarded the existing classification schemes

as being limited in their application because the "classes selected



from a technological point of view are only related in a loose
sort of way with the quantity and time structure so they can
serve as a means of sorting factors for separating out a
family of more or less similar parts for cost investigations
but they cannot be considered as parameters in the mathematical

sense".

Pacyna developed an extremely complex classification system
based on the ratios of various dimensions of castings. Coding
with this system is lengthyand involved and a computer will have

to be used.

However it may have application in the area of computer-aided

design of castings (see Chapter 3).

[t is not intended to discuss Pacyna's work in detail because
it is so complex, that it is unlikely to be relevant to this
work. However, Pacyna makes some interesting suggestions,
particularly the following quote; "In many cases a price has
to be got out for a casting in a very short time. For this,
price or manufacturing costs can help when they are tabulated
against the weight per casting and classes of difficulty .....
The negotiating of the difficulty class (in East Germany) is
the focal point of the sales talk since with insufficiently

precise definitions it leaves a Tot of room for bargaining".

Pacynaplots graphs of weight and manufacturing difficulty

against cost per casting for about a nhundred castings. He

—
Lo
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suggests that "knowing the weight of the casting and the
production cost per unit weight, the difficulty class may

be established".

Furthermore, Pacyna proposes that the classification data can
be correlated directly with the cost data to obtain
a "Total Manufacturing Cost per casting" using regression analysis

and this will lead to much quicker calculation of costs.

3.2 The British Classification Schemes Developed

for the Foundry Industry.

To the author's knowledge there is only one classification
scheme actually being used in a foundry in Britain. Two

other schemes are in the process of development and implementation.

A successful classification system exists at Leys Malleable
Casting Company Limited of Derby. Leys is the largest producer
of malleable iron castings in the United Kingdom, the vast

majority of their production being for the Automobile Industry.

The requirement of the system is to assist in costing new
jobs, and it was decided that a basis of comparison between

existing and potential jobs would be the best solution.

One of the problems to be overcome was two customers referring

to a very similar job by two different names.



The system has a seven digit code, which covers complexity,
shape, size and material specification. Like Malek's system
(Ley's system is based on Malek's system), the basic complexity/
shape coding takes the form of pictorial matrices of castings.
Due to the vast majority of their output being supplied to

one industry it is a relatively simple matter to use a matrix

of "“standards" which compares new jobs with existing jobs.

There are five 10 x 10 matrices; by assianing a "complexity"
digit a matrix is chosen and the position on the row and
column of similarly shaped casting provides values for the

other two shape digits.

Having developed the system, which took one man two years,
the cost-estimating department reorganised all of their files,
which were in alphabetical order of customers, to one of

numerical order of classification digits.

When a new job requires a quote, it is coded and compared,

by means of the code, with an existing job, and a price

will either be determined immediately if the two jobs are
sufficiently similar, or else the existing record will act

as a guide to calculating the new cost. If a job does not fall
into any of the categories designated, provision has been made
to insert more pictures, however, in practice, there is

rarely a need to add pictures to the matrix.
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The develooment of the classification system has not only been
effective as a reference system for the estimating department
but it has also been adopted by the production department so
now they refer to the coded number, rather than the customer's

name for the component. Furthermore, they envisage being able

to use the system for production scheduling in the near future.

Catton and Company, of Leeds, is an independent foundry,
producing sizeable batches of steel castings in a large,
partially mechanised foundry. They have been working on a cost-
estimating system based on classification for some months, and

the details of the proposed scheme have been made avai]abTe.(18)

Having already managed to establish a rate per 1b. for each
process in the foundry, they are now trying to apply it to
estimating and job costing. The parameters they consider important

for a good estimating system are:

i B It should take into account inflation.
23 It shculd be simple.
3. [t should reflect changes in costs and process

routes and highlight low margin job.

"The basic concept of the system is to list each process route
in the plant and establish a rate for each, for simplicity only

three types of rates are proposed, these are:-
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(i) A rate per 1b. of liquid steel
(ii) A rate per shell, mould or box.

(iii) A rate per 1b. of casting.

Each process involved in the manufacture of a casting is then

marked, i.e. a process route is established".

By multiplying these rates by the estimated or actual quantities
a rough estimate is arrived at. However, if the complexity

of the castings is taken into account the estimate becomes

more accurate. Thus each process has been allocated five
grades of difficulty from easy to complex, these are

based on operation times.

This information can provide a cost by the following procedure:

(i) Establish a process route.
(i1) Establish the compiexity level for each process.
(1i1) Take the product of complexity factor rate per 1b.

and base rate to give a cost per process.

(iv) Sum the process costs.

(v) Adjust for percentage scrap.
(vi) Adjust for ON cost.

(vii) Adjust for overheads.

(viii) Add on profit margin,
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The rates may be updated when necessary and it is proposed to use a
computer to do the calculation. Thus one will merely indicate the
process route, the liquid weight, number of castings per box and
the net weight of the casting, the computer will then calculate

the final estimate.

The last classification scheme to be discussed in this chapter was
preposed by J. N. Anstie for use at Johnson Radley, a cast iron

foundry in Pudsey, Yorkshire (19).

Intended as a general
classification to be used "as a model to optimise the profitability
of each department's operation, as a marketing tool, as a.pricing

tool and eventually as an aid to production scheduling".

Anstie considered it important to concentrate on the design
features of castings rather than process variables. The factors
taken into consideration are shape, complexity, size, material,

and patterns per board.

The proposed scheme is largely based on Malek's original classification

system (16, 16, 20)-

Although he puts the digits specifying weight
and material type first, followed by three more categories

representing: (refer to Appendix 1C).
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The Shape Group

The Shape Group refers to the moulding and coring requirements

of the casting.

(1)

(i1)

(iii)

"A cavity is a hole in a casting which may either
be enclosed or may simply be a central bare open
at both ends. A simple cavity is of relatively
regular and easily mouldable proportions, whilst
a complex cavity is diversely shaped, under-going

several changes in cross section and direction

throughout the space it occupies.”

"An opening is a hole whose crcss-secfional area

in the plane perpendicular to its axis is negligible
compared with the projected area in the same plane.
Both holes are considered to be 'openings' whether
they are actually cast or whether provision is

made for them to be machined".

"A facet defines all those irregular features

on the surface of the casting, such as lugs, bosses,
and ribs, which could possibly lead to difficulties
in their production but not necessarily so. It is

effectively descriptive".
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The Shape Class

The shape class conforms almost exactly to Malek's system except that
it includes three "rotational" classes to cater for the large

number of these castings at Johnson Radley. The ratios of

the important dimensions as well as the appearance (e.qg.

a combination of round and flat shapes) define the categories.

The Sub-Groups

This is a descriptive class which refers to internal as well

as external features,

The final digit in the classification scheme giﬁes the patterns

per board as shown in Appendix 1C.

Anstie intended to use six 9 x 10 matrices. Choosing the code
for the shape group defines a matrix, then the shape class
and sub-group are defined by selecting codes on the horizontal

and vertical axes respectively.

3.3 Discussion of Existing Classification Schemes

Perhaps one of the most discouraging aspects of trying to adopt
a classification into foundries is that although a considerable
amount of research has been done on classification, particularly

in the Eastern European countries, there is very little information
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on the implementation and operation of classification systems.

(16)

Malek, 1965 » talks of distributing his system to foundries

the following year. Yet there does not appear to be a paper written
giving the details of the effectiveness of Malek's scheme after

its introduction (if indeed it was ever introduced).

Thus any assessment of the classification schemes must be
based on the writer's experience in trying to develop and

implement a system.

The parameters used to classify a casting must reflect
requirements of the system. For example, classification
for the purpose of production scheduling must take into
account the steps involved in the manufacture of a casting,
namely the liquid metal, cores, moulding, fettling and

perhaps others.

Furthermore, both type and quantity of output tend to
vary enormously from one foundry to the next, thus a
classification scheme that is suitable in one set of circumstances

may be unsuitable in other c¢ircumstances.

To overcome the two abovementioned problems either an extremely
broad classification scheme must be developed, and then a foundry

selects the relevant sections, or else a classification scheme
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must be developed to suit a particular company.

The Eastern Europeans have attempted to do the former while the
British have tried the latter. This is hardly surprising as
the economic structure of the Eastern European industry is
somewhat different from British Industry "it's (Eastern
European) nationalised character lends itself more readily

to larger scale macro-organisation of standards for castings

production” (19).

(135 14) (o certainly brouant out the salient

Rosenberger
parameters for a successful classification scheme.
Furthermore,his observation regarding the probigms of
classifying castings, namely that it does not matter whether
a casting is "cylindrical or prismatic' is important and

should be borne in mind.

The problem with Rosenberger's, and other, classification
schemes is lack of definition. For instance, Rosenberger

and his colleagues talk of "few contours". "Few" is very
vague, it could mean less than three on a small casting and
less than ten on a big casting, or it could mean less than
five contours always. Without clear definition, "classifiers"”

will get inconsistent codes.
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Malek and his colleagues made a substantial contribution to the
art. The principle of considering matrices of digits is a useful
concept, particularly for a system which is to be universally
applied, but like Rosenberger his definitions tend to be
"woolly". He talksof simple and complex castings. What is
complex to the foundry methods engineer may seem simple to

the foundry salesman. Also in his "shape class" there are
ambiguities such as, at what point does a "flat frame casting”
become a "flat square casting" with a square hole in the middle.
Furthermore, why differentiate between the two when as far as

the manufacturing is concerned they have the same requirements.

Pacyna sees this lack of definition in his predecessor's
classification schemes and goes to the other extreme. The
amount of measurement and calculation required to code with
his classification would not, in most cases, warrant the time

required.

The Ley's classification scheme is commendable, because although
it is very basic it allows the vast majority of new jobs to

be classified according to their system, and having done so the
estimator has no trouble in locating a similar previously made
job. Furthermore, although not designed to do so, the production
department has been able to adopt the system and use it to
indicate the type of work flowing through the foundry i.e. for

the first time they can quantify their "job-mix".
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However, Leys is in a fortunate position in as much as their range
of shapes and sizes of castings is limited due to the fact that

they are serving mainly one industry.

Cattons have a very rational approach to the problem and there

is little doubt that once implemented the system will be effective.
Care has been taken to define all the necessary terms and there

is little room for argument. Furthermore, the basis of the

system, namely the production routes should be useful in

other areas of the foundry, in particular production scheduling.

Anstie's proposed system was found, during subsequent work,
not to be definitive enough. Tests showed that with four
people classifying a casting they were only all in agreement
on any one of the three shape and complexity digits, in 20%

of the cases.

Furthermore, in development of a coding system for Johnson Radley's
requirements there was no need to specify the branch of material,
as all castings are either made in grey iron, or vantage iron,

thus one category rather than two is satisfactory.

The "weight" and "patterns per board" digits will be dealt with

in a later chapter, as they were subjected to a detailed analysis.
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It will be evident to the reader that a lot of work has been
done on the development of classification schemes for the foundry

industry, particularly in the Eastern European countries.

Before embarking on the development of a classification scheme

it was considered important to review the existing schemes to

make use of the advantages and try and overcome the weaknesses

of the schemes. Firstly, the classification systems which

operate so well in manufacturing industry such as the Opitz scheme(g)
were considered. However, these were quickly dismissed as they
were not versatile enough to cater for the large variety of

shapes obtained in casting, they are designed to reflect the
characteristics of the machine tools which manufacture the components -
a classification system based on these parametefs was not relevant

to the foundry industry. Furthermore,there were a lot of factors
involved in founding which were not accounted for by the classification

systems in use in manufacturing industry e.g. the coring requirements

of the casting.

In considering the classification systems developed for the foundry
industry, there appeared to be one main problem, namely, the

lack of information on the application or analytical verification
of any of the classification systems (with the exception of the

Ley's system).

The author's aim was to develop a classification scheme to a stage

whereby it could be applied to serve a useful function in a company
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and furthermore, develop a method of analysing the classes used

in the classification scheme to test their significance in contributing
to the overall objectives of the scheme. Also it was hoped that

in doing this it would be possible to outline an approach which

could be applied to classification systems in other companies.

Partly because Johnson Radley had already invested some time

and money in Anstie's scheme and also because his literature

review had been thorough and critical, the author, in collaboration
with some of the employees at Johnson Radley, decided to use
Anstie's scheme as the basis for further development of a:

system to be used as a reference base in the cost-estimating

department.

Before detailing the development and validation of the scheme
developed it is important that the reader have some knowledge

of the environment in which the system was developed.
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CHAPTER 4

JOHNSOM RADLEY - THE COMPANY

4.1 A History of the Company

Johnson Radley came into existence in 1919 in Hunslet, Yorkshire,
having been established to supply moulds to the glass industry.
In its early days it was producing moulds at the rate of only a few

dozen a month.

Yorkshire proved to be a wise choice geographically, the ' area
had Tong been an established centre of glass making and many of
the leading manufacturers were based in the vicinity. Furthermore,
automatic bottle moulding machines were developed soon after

the First World War and this greatly encouraged the use of glass
containers. With this growth in glass containers, Johnson Radley
managed to manufacture moulds to the small tolerances necessary

for glass moulding machines.

Within a few years Johnson Radley was the only glass mould manufacturer
remaining in the area and in 1925 the company had to move to

larger premises.

Growth continued with annual outputs of 100 tons in 1948, 450 tons
in 1956 and 1300 tons in 1969. This growth was greatly assisted by
the development of export markets, until today Johnson Radley is
one of the largest exporters of glass mould equipment in the

world, to such diverse places as Australia and Bolivia.
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In 1964 Johnson Radley was sold to United Glass Limited, and
a number of small engineering businesses, also acquired by

United Glass, came under Johnson Radley Administration.(ZT)

During 1971 work began on a new foundry at Grangefield Industrial

Estate, Pudsey, which was officially opened on May 10, 1973.

The large capital investment involved in building a modern,
mechanical foundry, could only be justified if the foundry had a
greater capacity than required for the glass mould market,

it was decided to fill the excess capacity by manufacturing

general engineering castings.

The new foundry has a potential annual capacity of 5000 tonnes,
although at present the annual output is about 4200 tonnes.
This appears to be for technical rather than marketing

reasons. When the author first made his acquaintance with the
company early in November 1974 there was little doubt that the

market for general engineering castings was bouyant,

Recently there has been a fall in demand for glass moulds and
thus considerable effort has been made to develop the general
engineering sector of the business. At present general engineering

comprises over 40% of tonnage sold.



4,2 Present Production Facilities

The company is equipped to manufacture wood and resin patterns,
aluminium patterns must be sub-contracted. Lack of capacity
requires some wood and resin patterns to be sub-contracted.

Two induction furnaces operate on an alternate melting and
supply cycle. At each tapping metal is first transferred

to 750 kg. receivers and subsequently to 250 kg. ladles. The
transport of these ladles to the pouring stations is achieved

by rack and pinion hoists suspended from a monorail.

Cores made from oil and COZ sands, as well as shell moulded
cores, can be manufactured. Heavy cores are undesirable because
all cores must be lifted and set manually. Small intricate
cores and large numbers of cores per casting are considered
unfavourably by production personnel as they tend to slow

the rate at which boxes are produced.

The foundry is equipped with three jolt-squeeze pin-l1ift,
and one job-squeeze roll-over, moulding machines, althougn
the roll-over machine may be replaced by another pin-1ift
machine. Each moulding machines is supplied by a hopper

fed by the sand plant.

There is only one moulding box size, namely 30 inches x 20

inches by a 2 inch top and a 9 inch bottom.
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After moulding and closure the boxes are stacked on tracks
awaiting transport to the pouring platform. There is capacity
to store one and a half hour's production prior to pouring

and the same during cooling.

After cooling the boxes travel along the roller conveyor to
the automatic shake-out unit. Then runners, risers and

gates are knocked off.

The fettling shop has a number of high speed grinders, a hand
grinder and a surface grinder. This is not enough to cater
for the volume of castings and at the time of writing there is
a lot of work in progress as well as some fettling being

sub=contracted.
Although there is a well equipped machine shop only glass
moulds are machined, the company will not supply any machined general

engineering castings.

This resume/of Johnson Radley's production facilities should

help the reader when looking at the problems of cost-estimating.

4.3 The Problem of Cost-Estimating a General Engineering

Casting

Due to Johnson Radliey's inexperience in making general engineering

castings, they have difficulty in establishing a correct casting



cost-estimate. Although many of the cost elements may be
calculated, there is a certain "art" to founding. A job
which may appear easy could in fact cause manufacturing
difficulties and similarly an apparently difficult job

may cause no problems whatsoever.

Furthermore, because they are doing contract work, Johnson
Radley have a large variety of jobs, from automative

clutch plates, to pump bodies.

So not only does lack of experience make it difficult
to estimate the cost of a casting accurately, but it is
difficult to gain the experience when every job is different

and there does not appear to be any basis for comparison.

The need to obtain more accurate costs, efficiently, was
recognised by the Foundry Sales Manager (i.e. the manager
in charge of General Engineering Sales), and it was at his

instigation that Anstie (12)

spent some time at Johnson Radley.
Some months after Anstie's departure, the researcher was
employed to adapt Anstie's system to be used for cost-estimating

and then to implement the scheme.

Before giving details of an improved cost-estimating system

it is necessary to review the existing system.
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The Existing Cost-Estimating System for General

Engineering Castings

There are three people concerned in the preparation of an estimate,

namely:

The Foundry Sales Manager
The Foundry Estimator, who is a member of the
Foundry Sales Department.
The Methods Engineer who is in the Production

Department.

The customer (or potential customer) sends a drawing to Johnson

Radley with a request to quote. The drawing is studied by the

abovementioned three people and they decide by somewhat subjective

means, on ease of manufacturing and the profitability of the job.

At this stage it may be decided not to quote for the job because

either:

[t can not be manufactured by Johnson Radley for
technological reasons, e.g. the castings are too big.
The job would not be profitable e.g. because the
quantity required by the customer does not warrant

a production run.



39.

If the decision is to quote, there is some discussion regarding
the methoding of the job, then the estimator fills out the
"Casting Estimate" sheet shown in Appendix 2. At this stage

the estimator must make a number of "guestimates". t is important

to consider these in some detail.

The estimator is required to quote for pattern costs. Whether
the patterns are sub-contracted or made at Johnson Radley he
must estimate the cost, as there is not enough time to obtain

quotes from pattern-makers.

Other "guestimates" that must be established are as follows:

(i) The scrap rate
(ii) The yield per casting
(iii) A1l the cost centres

(iv) The reject reserve

It should be noted that the reject reserve is the castings rejected
by the customer because of unsatisfactory manufacture, whereas
the scrap is rejected by the production department. (There is

no quality control department).

Once the Estimator nas completed the "Casting Estimate" form the
Foundry Sales Manager calculates the ratio of £1/ton and £1/box,

as this gives an indication of competitiveness of the estimate. He
then sends out a quoted price which is equal to or above the

estimated price.
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To establish the figures the estimator requires, there appear

to be three sources of information:

(i) Any experience the estimator had prior to
joining his present employment.

(ii) Second hand knowledge of past scrap and
reject rates, and yield. He is never
actually supplied with this information.

(iii) Relying on his memory of past pattern costs
in order to establish existing pattern costs.
Similarly for the cost centres, if by chance
he remembers a similar job previcusly he can
refer to the estimated times to establish new

*
estimated times .

Whilst the estimator is expected to use his experience to
establish a cost, he is not provided with any new information

to allow him to make more accurate estimates.
Thus there are two requirements for more accurate estimates:

(i) The information must be received by the estimator.
(ii) The estimator must have some way of being able
to compare incoming quotes with records of
similar existing jobs.
* Footnote: The company is at present establishing actual times for

the cost centres and already has many actual times for coremaking,
but none as yet for the other cost centres.
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To fulfill the
been proposed. Its development and operation are described

se two aims an improved cost-estimating system has

in the next chapter.




CHAPTER 5

THE DEVELOPMENT OF AN IMPROVED COST-ESTIMATING SYSTEM

The developmental work that had to be undertaken before Anstie's
classification could be implemented, will be described in

some detail as the approach is effective and efficient.

5ol Development of the Classification Scheme

Having established the inconsistency in coding with Anstie's
"Group", "Class" and "Sub-Group", attention was given to
modi fying these three categories. A team comprised of

the Foundfy Sales Manager, Foundry Salesman, The Estimator,
and the author studied the parameters and constraints

of the system.

The team met weekly for six months although some meetings
had to be cancelled. The scheme was finalised after

fifteen meetings.

A high level of co-operation, both within the team, and
from others whose advice had to be sought, greatly

contributed to the scheme's rapid development.

As well as a consistent classification scheme to assist

in cost-estimating, the team wanted the system to describe
the casting pictorially, i.e. by referring to the digits,
some idea of the appearance of the casting should be

apparent.

42.



Furthermore, it was agreed that it would be advantageous
if increasing classification digits indicated increased

difficulty in manufacture.

During the week members of the team studied modifications to
the scheme and coded castings, from drawings. Towards the
end of the week, the team met and inconsistencies were
discussed. Then the researcher modified the scheme and

made a new proposal the following week.

It became apparent after some weeks of this trial and arror
approach that it is impossible to develop a purely objective
scheme that could be used without some training. The solution
was for the meetings to be conducted so that while the
inconsistencies of the system were being eliminated, people
were also being "brain-washed" into thinking along the same
lines. When something could be described by two digits
within the same class, discussion led to a decision as to
whether the code could be tightened up, so the categories
were mutually exclusive, and if not, the particular way

in which that type of casting should be classified. Then the

precedent was set if the same problems re-appeared.

Although all were studied simultaneously, each of the "three

problem digits" has its own characteristics and will be discussed

independently.

43.
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The Feature Class (See Figure 1)

This class caused considerable problems and

had to undergo significant changes,

The biggest problem was the parameters in Anstie's
"shape group" ( Figure 1)  were not definitive
enough. The code was meant to describe the

coring requirements of a casting without actually
mentioning cores. This has the advantage of

being broad enough to accommodate changes in methoding
without having to reclassify. However, by doing this,
consistency is being sacrificed for versatility.

Anstie says "this digit does not purport to

(19) but at the

indicate moulding requirements”,
same time it defines cavities, holes and facets,

which in many cases are moulded.

It was finally decided that the only way to use this
class was to establish how the casting was to be
manufactured and describe it in terms of its moulding

and coring requirements.

While facets and cavities are descriptive names, they
make little difference as far as manufacture is concerned,

they are equally Tikely to be moulded or cored.
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Anstie's definition of a hole was modified, as it was pointless
to classify a machined hole (i.e. a hole which is not cored)

as this was of no interest to the Foundry. It was however,
important to distinguish between a simple casting with a

number of small holes (e.g. bolt holes) which required a

number of cores being "popped" in to the mould and a

casting with complex cores.

It took three meetings from the time it was decided to

redefine the parameters until all the problems had been
eliminated and the result was a more definitive and descriptive
class., This is advantageous in cost-estimating as well

as other areas of the foundry.

The drawbacks of coding in terms of manufacturing requirements

aresy

(i) It must be ascertained now the product is to be made.

(i) If the method of manufacture changes the code may change.

However, a system that does not consider the method of
manufacture is unlikely to be effective as an aid to costing.
Furthermore, provided the sstimator gets the required

feedback he can make the necessary changes to the classification

number,



From being the least precise of the "problem digits"
the feature class became the most precise, and the easiest

to use,

5.1.2 The Geometric Class

This class indicates the moulding difficulty and assists
in the pictorial representation of the casting.
"There are a large number of cylindrical castings"(]g)
and these are separated into categories, hence the :

first three digits.

There was no further need for a frame castings as this
is a rectangular casting with either a moulded or a

cored cavity,

Some of the terms had to be defined more specifically
and an "integrated" category had to be defined, i.e.

a number of combined shapes.

One problem that arose was "all the definitions involving
the height (H), depth (D) and length (L) presuppose that
Hy, D and L are obvious dimensions and it has become
apparent that ........ (we) don't always agree on what

22)

is the height or length of a castin ”,( To overcome
g g g

this problem the following rule was used,

47.
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"length is greater than width which is greater than

height, (23)

5.1.3 The Descriptive Class

5.1.4.

This contributes very little to the costing scheme, but

does help in providing descriptive details.

A number of changes to Anstie's sub-group have been
made. The symmetry categories were eliminated because
it was an inherent inconsistency that a casting could

be symmetrical in one, two or three dimensions or
graduated, tapered, etc. These factors are not mutually
exclusive. It was decided to dispense with the symme try
details, as this is of no importance to the foundry and

insert some more descriptive categories.
The definition of spatial required a ratio such as the surface
area to volume and that isto0 complex to calculate each

time,so it had to be discarded.

The other digits of the classification schemes did not

undergo a detailed analysis and will be discussed briefly.

The Weight Class

Anstie studied the castings produced at Johnson Radley
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in some detail so it was decided to adopt his weight categories.
This was further substantiated by the Foundry Sales Manager's

assurance that the weight classes would be satisfactory.

The Patterns per Board Class

To simplify the estimator's job Anstie decided to omit
code 0 and so one pattern per board would correspond to
code 1, etc., Anstie's detailed analysis of the categories

lead to a decision to adopt his proposal.

The Material Type Class

As mentioned previously one class is satisfactory to describe
the four types of material Johnson Radley uses. However,
provision has been made to insert a grade lower than 14

in code 0 and grades higher than 20 in codes 4 and 5. Other

material types may be inserted in codes 7 - @ inclusive.

The Historical Snags Class

This class was designed to expose the inherent faults in

the design of the casting which could lead to manufacturing
difficulties. It is important to distinguish between

weaknesses in design which will tend to lead to faulty manufacture

and faulty manufacture which is independent of casting design.
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The former can not be corrected by Johnson Radley, but extra
care in production may overcome the design faults, the
latter can and should be overcome by Johnson Radley. This
class serves as a "red 1ight" to the production department

to try and ensure this "snag" does not appear in casting.
The development of this class based purely on the experience
of the members of the team, and due to lack of time it's

effectiveness has yet to be tested.

The Pattern Type Class

This class only has relevance as a record of the type of
pattern that was used. It has no effect on the price of
the job, as patterns are charged separately. However,
future studies may indicate a relationship between
pattern type and scrap rate but this is only likely on
large run jobs where, for instance, warping may occur

with wooden patterns.

Examples

The proposed classification scheme for Johnson Radley is
shown in figures 2 and 3. To indicate how the classification
operates two photographs of castings are shown Figure 4 and 5

-

and their classification numbers are as follows:
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Figure 4

3 - 2 3 - 5 0 0

l— Pattern, wood

on wood

—No historical snags

——Material type

— Four patterns on a board

“— A flanged casting

— Cylindrical with H/D ratio &3

— Semi-complex (one simple core, no cored holes).

—— Weight between 10 and 15 Kg
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2 - 2 7 6 8 2 5

l-—Pattern aluminium

on aluminium

— Perhaps historv of surface
defects

—Material type

-~ Six patterns on a board

— Graduated internally

—Cylindrical H/D (3

=

—— Semi-complex (two or less simple cores)

——lleight between 6 and 10 Kg.



5.2 Data Collection

The classification scheme is a reference base, but this is
only of value if the required data is available. More specifically,
to compare existing jobs with potential jobs, to obtain better

estimates, the relevant data must be collected and updated.

In many industrial situations data exists either recorded or
remembered by people, which should be made avajlable to other
people who can act on this information. For example the
production controller may know that a job has a tendency to
chill and extra care must be taken, but the estimator is

not informed so if a new job is ordered which appears to have
the same problem the estimator will not know, 50 he can not
allow for it in calculating the scrap, nor can he warn the

production controller,

The system envisaged will impose a discipline on the people
concerned to make all the necessary data available to the estimator.
The data that was considered important is listed in Figure &

some of the items will be discussed in more detail later.

The best way of obtaining the data is to make the people responsible
for a section to complete the related part of the form

for each job. The form would then progress through the various
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The Necessary Data for Cost-Estimating

8 Classification Number

® Part Number

° Casting Weight in Kilogrammes
] Updated Cost

3 Last quoted price

3 Date of last quoted price

] Patterns per board

] Date of pattern manufacture
] Cores per Casting

» Coremaking SUVS

» Moulding SUVS

a Fettling SUVS

° Total gquantity made

) Yield as a percentage

° Total quantity scrapped

B Scrap rate as a percentage
b Total quantity rejected

9 Reject rate as a percentage

Figure 6
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departments. The estimator would ensure that all forms were

progressed and completed.

The estimator also needs a drawing for each job. It has been
recommended that each drawing be copied onto A3 size paper

and stored in a folder. This drawing should have the classification
number and part number, designated by Johnson Radley, written

on the drawing.

5.3 The Computer - an aid to System Operation

Johnson Radley is well endowed with computing facilities - this

will be useful in processing the information.

The system must reflect changes in costs, the estimator can
not refer to outdated costs when trying to compare existing
and potential jobs. The compariscon must be between the

cost of an existing job at to-day's prices and the potential job.

The computer would be used to update costs of all Johnson

Radley jobs at regular intervals. At present the costs are

updated but this is done by adding a percentage increase to all
castings and this fails to reflect the way these increases occur.

[f, for instance, a light casting with a lot of fettling is increased
in price by the same percentage as a heavy casting with

negligible fettling, while labour costs have increased 40%



and metal costs 10% then adding the same price increases will not

give a true reflection of the cost increases.

Over a period of time some jobs will become over-priced, and
others under-priced. Seeing repeat orders are quite common, it
is important (even regardless of the new system) to provide

more accurate updated costs.

An equation describing the calculation on the casting estimate
form shown in Appendix 2, has been developed, and this could
be used by the computer to re-cost all jobs. The equation is

as follows:

S.P.=[Tbg_m_{0;x) o -(U;xg -)ca}

L) x)ra

+ g t] (1 +%x) +
n
2

+ W (1 +xX)r, + W (1 + x)r :] (T +2) (1 +p)
T000 ¢ Tom ¢

*T%‘m Ps or 7



WHERE :

]

L

Casting weight ¢4
tstimated Scrap rate
Yield

Est. time to produce

cores in fractions of e
an hour rs
Est. tme, & Pm'?iuc'? Mm.n'lcllﬁ.q
Est. time to fettle bex. rs
in fractions of an ry
nour Y‘S
No. of cores per e
casting

No. of castings per rs
box

Estimated reject

reserve D

Cost of Grades 14 & 17 iron
Cost of Grades 20 iron
Metal credited back to
the company

Core-making rate £/hour
Moulding rate £/hour
Fettling rate £/hour
Heat treatment £/ton
Shot Blast £/ton
Delivery cost in £/ton
for less than 100 miles
Delivery cost in £/ton
for greater than 100
miles

Profit

5.P. = The Estimated Selling Price of the casting, the actual

selling price may be higher than the estimated

selling price.

A1l the "variables" listed on the left hand side of the page are

in fact semi-variable i.e., they will not change at regular

intervals but may alter if, for instance, there is a change in

methoding.

The variables: x, t], t2 and z should become

increasingly accurate as more batches are produced.
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The variables on the right hand side of the page are subject
to inflation and hence will need to change periodically.
However, they are independent of the type of casting and

nence the computer may be programmed to update these rates and

calculate new prices for each job.

The program should be run approximately every 2-3 months.
Prior to running the Foundry Sales Manager and the Estimator
should review all rates and the Estimator should provide

the Computer Department with details of changes to existing

castings and new jobs that must be added to tne file.

5.4 The General Running of the System

Assuming a new Estimator is employed and must be taught the
system, to ensure that he codes correctly and when in

doubt conforms to convention, he will firstly be given an
instruction manual which explains the purpose and process

of coding. Secondly he will code castings of increasing
complexity, and tne errors will be discussed. This should
be repeated until proficiency is achieved. Thirdly, he
should be shown a written list of precedents that have

been established and given illustrations of these precedents.
He can now proceed with coding although the work should be

checked until total proficiency is achieved.
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When costing a new job the procedure is as follows:

(1) Classify the drawing received by the customer.

(ii) Refer to the latest computer print-out, which will have
all jobs listed in classification number order, (see

Appendix 3) and establish which jobs may be similar.

(iii) Ascertain the similar jobs by referring to the
drawings, these will also be filed in classification

number order.

(iv) Referring to the computer output, again, will give
the required data of similar jobs. Any changes that
snould be made because the job is not exactly the

same may be estimated.

(v) The casting estimate sheet is completed.

If the quote is successful the Estimator must warn the production
controller if he has reason to believe that the job may havea snag, the

computer output will have indicated this.

After the casting is produced the Estimator will receive the
form giving deatils of the job. Comparisons should be made of

actual versus estimated SUV rates and yield, if there is a



marked discrepancy the reasons should be ascertained. This will
improve the estimator's skill and also allow manufacturing problems
to be brought to the attention of management. The estimator

will also be responsible for setting and noting precedents when

classifying.

To try and validate the parameters of the classification system
described in this chapter a detailed statistical analysis of
the scheme was carried out. The analysis and results are

described in Chapter 6.



CHAPTER &

ANALYSIS OF THE DATA

The empirical approach used to develop a classification scheme

to solve Johnson Radley's cost-estimating problem appeared to be
successful. However, to validate this assumption a statistical
analysis was carried out, its main aim being to show which

classes were significant indicators of cost, and their contribution to
the total cost of the casting. As a result, it was possible to test
Pacyna's (17) suggestion that classification digits could be used

as variables in a cost-equation because the contribution to costs

were given as coefficients in the output from the statistical

analysis.

Data for 170 different types of castings was collected, the total
number of castings being 60,850. A computer print-out listing
the castings, in ascending order of the classification numbers,

with the data was produced (see Appendix 3).

Note that the column marked "price" 1is the estimated cost. Core
making SUVS are a measure of the time taken to make a core.
(60SUVS = 100 seconds). When the data was collected a considerable
amount of work-in-progress existed which accounts for the
discrepency between the total quantity cast and the total

quantities issued and scrapped.
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Examination of the listing in classification order indicated some
interesting trends so it was decided to pursue a statistical

analysis.

6.1 The Type of Analysis

The analysis was carried out on a ICL 1905E computer using the
[CL XDS3 statistical package (24). To enable a quick turnaround

of jobs it was decided to use MOP terminals (see Appendix 3).

The output from this analysis is in Appendix 4A. Some definitions

of the more important results will be given.

6.1.1 The Correlation Matrix

The Correlation Matrix is 2 means of determining the degree of
association of two variables. The correlation coefficient

(r) has a range of -1Sr <1, It will be positive if

both variables increase together and negative if one

variable decreases while the other increases. A value

of zero indicates absolutely no correlation. It may

only be used if the relationship is thought to be linear.

To test if a particular value of r indicates a signficant
correlation between two variables the following equation

should be applied:

- t s M R (6.1)
«/g + ‘.;2

number of degrees of freedom

r

where 2

T

the t a statistic at a given confidence level.



6.1.2

The degrees of freedom (@) represents the number of independent
comparisons that can be made among the total number of observations.
The t- statistic gives a measure of the degree of confidence

that a variable is included in the regression set.

Regression Analysis

Regression Analysis is "the problem of finding the most suitable...

equation to predict one variable from one, or more other variab1es"f25)

In this case the aim was to predict an equation for cost using
those classification digits that could be shown to have an

effect on cost.

The computer output shows which independent variables are in

the regression set at a given significance level (the significance
level percentage is one hundred minus the confidence level and
indicates the likelihood of the quoted result having arisen

by purely accidental occurence. A significance level of 5%

is usually considered acceptable for most industrial purnoses).
The following features of the computer output are of particular

interest:

(i) The regression coefficient. This is the coeffecient of
the independent variables in the regression equation 2.g.
for a three dimensional regression it would be the
coefficients bT and 0, iny =a+ DT Xy * 52 X5 where

y is the dependent variable, x, and X2 being independent.



(ii) The standard error. This is a measure of the error of the
regression coefficient, i.e. a measure of the error in the

slope of the Tline.

(iii) The t- statistic. As defined in 6.1.1. this is used to
determine if a variable is included in the regression set
at a given significance level (i.e. it tests the likelihood

of an accidental inclusion).

(iv) The partial correlation coefficient gives a measure of the
change in the dependent variable per unit changé of an
independent variable while keeping all the other independent

variables constant.(zs)

(v) The Multiple Correlation (also referred to as the "coefficient
of determination" R) when squared gives the correlation
coefficient. This is the sum of squares accounted for in the
regression analysis i.e. a measure of the amount that the
independent variables in the regression set account for

the variation in the dependent variable.

(vi) The residual error is one minus the correlation coefficient
i.e. the amount that the independent variables do not

account for the variation in the dependent variable.

(vii) The intercept term. This is the constant in the regression

[ I 1 -4 fiay

equation as denoted by "a" in (i).



68.

6.2 Analysis of Results

The aim was to investigate the direct significance of each variable

on the cost of a casting and to develop a meaningful cost equation.

Before discussing the analysis it is important that any assumptions

necessary to the analysis be stated. They are:

(i) That the costs obtained from the company were the actual costs
of the casting when in fact they are only the estimated
manufacturing costs, these estimated costs include ovwerheads.
Furthermore that updated costs were re-estimated and not just

increased by a percentage as mentioned in Chapter 5.

(ii) That the data approximates a normal distribution.

(ii1) The relationship between the independent variables and cost

is linear.

The first output resulted in an equation with a negative intercept
term, implying that if no castings were made there would be a
negative cost i.e. a profit. This was unacceptable and the cause

had to be investigated.

Plotting actual weignts against weight digit (see Appendix 48,
graph 1) showed a parabolic curve, this resulted in the line of best
fit having a negative intercept (i.e. a negative weight corresponds

to weight digit 0). Graphs 2 and 3 show that while weight versus
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cost gives a positive intercept weight dicit versus cost gives a
negative intercept. The weight categories had not

been defined to give a linear relationship hence an algebraic
transformation had to be performed such that there was a "spreading
out" effect as the digits increased. An exponential transformation
was found to be too extreme so it was decided to raise the weight
digit to a power. A number of exponents were tested and the
results are tabulated. A1l tests are at 5% significance level

and "yes" means the variables are in the regression set, "no"

they were rejected from the set. The dependent variable is

cost.

It will be seen from table 1 that by raising the weight

digit to the power 1.75 the intercept was positive, there are

at least as many independent variables in the regression set

as in the other tests and the mutliple correlation is the highest.
To further check that this transformation was satisfactory the
weight digit to the power 1.75 was plotted against cost to

establisn that the relationship was linear (see Figure 7).

6.3 Discussion of Results

The results discussed are those obtained by raising the weight
digit to the power 1.75. The output is shown in Appendix 4A

parts of it will be quoted in the text to make reference easier.



70,

L aLqe]
S3A SA ON 0N STA SIA 866°0 GOG " |+ 00° 2
S3A S3A ON ON S3A S3A 0v6°0 G20" L+ GL" 1
SIA ON ON ON SIA SIA L£6°0 0v0°0- 05° 1
SIA ON ON ON SIA SIA ££6°0 L6V°0- 52° 1
ON ON ON S3A SIA SIA 126°0 Ly L~ 00° 1
LI91a L1910 L1910 11910 11910 L1910 NOIIV13440)
WIYILYW  SNYILIVA  3ATLINIS3A  JIMLIW03D  ALIXITWOD  LHDIIM 3141110 IRERNEILD ININOAXT




1,

The residual error is 11.8% (multiple correlation 0.940) and

the intercept term is 1.025. This implies that all castings cost
at least £1.025 and as may be observed from the data this is
incorrect. Thus further analysis should be done to obtain a
lower intercept. However, seeing this study is merely an

example of the approach, and the data is not satisfactory

anyway, it was decided to accept this equation for the purposes

of discussion.

Hence 88.2% of the costs of the casting are accounted for by

the following equation:

1.78

COST (&) +0.311 x (WEIGHT DIGIT)

+0.243 x (COMPLEXITY DIGIT)
-0.150 x (PATTERNS DIGIT)
+0.039 x (MATERIAL DIGIT)
+1.025

Graphs of each of these variables are plotted against cost

and shown in Figures 7, 8, 9, 10.

It is important to establish how this equation compares in

accuracy with the present estimating system.

Seeing actual costs are not monitored the answer to this question

can onty be an opinion.. The opinion of the Foundry Sales
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Manager and the author is that he will be witnin 10%
of the costs 80 - 85% of the time. (This opinion was

expressed before the rearession analvsis).

It is not possible to put an overall confidence level on the
regression equation but the accuracy at particular values may
be tested.

Table 2 considers the error in cost when the regression
coefficients have one and then two standard errors

added to them, also the error in cost will increase as values of
digits further away fiom the mean values are substituted. Hence

zero, one and two standard deviations of the digits is

also considered at zero, one and two standard deviations of the
coefficients. The intercept term was kept constant for these
calculations.

It may be concluded that, in 97.7% of the cases, the error

in cost will be at most +12.8%, if digits two standard
deviations from their mean value are used. Furthermore,

the error will be within 6.,1% in 84% of the cases.

Hence it may be said that the costing procedure, is not only
much simpler by using the regression equation, but also there

is a considerable improvement in accuracy.

Referring to Figure 11  showing the relationship between
observed and calculated values will indicate the accuracy of

the equation,
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Breais) The Correlation Matrix

Applying esquation 6.1 the values of the correlation coefficient

are tabulated for three significant levels:

Significance Level Correlation Coefficient (r)
1% 0.181
2.5% 0.152
5% 0.128

The results obtained from the analysis, displayed in a correlation

matrix (see Appendix 4A) are as follows:

INDEPENDENT VARIABLE COST
Weight Digit 0.928
Complexity Digit 0.377
Geometric Digit 0.167
Descriptive Digit 0.167
Patterns Digit -0.607
Material Digit 0.206

At the 2.5% significance level all digits are correlated with
cost, with weight digit being by far the most significant.
The patterns digit is negatively correlated, which implies

more patterns on a board result in cheaper castings.



The material digit may be expected to have a higher correlation.
However, of the 170 castings being studied 167 were made of four
types of iron, grades 14 and 17 which had the same price, and
grade 20 which is 10% more expensive, the other three castings
were made of vantage iron which is six times more expensive than
grade 17. To approximate a linear relationship between material
digit and the cost the vantage iron was reclassified from digit 6
to digit 44, However, there is not enough spread of samples

to indicate a stronger correlation.

The correlation between weight digit, to the power 1.75, and
weight is 0.989 (compared to 0.957 for weight digit to the
power 1.0 and weight). This indicates that the transformed

class is an improvement.

The above results indicate considerable correlation between
the classes and the cost of a casting, however to determine
the way in which the independent variables can be used to
predict cost the technique of regression analysis must

be used.



632 Regression Analysis

The regression analysis was carried out at a number of levels of
significance and the optimum result was found to be at 2%
significance level. The correlation coefficient is 0.940 compared
to 0.941 at 20.0% when all the digits are included in the
regression set. At 1% the material digit is rejected (although

it would be accepted at 13% but this could nct be done with

this statistical package). The results at 2% significance

level are summarised as follows:

VARIABLE REGRESSION STANDARD T- STATISTIC
NAME COEFFICIENT ERROR

Weight Digit  0.311 +0.013 24,54

Complexity -

e 0.243 +0.070 3.49

Patterns - :

e -0.150 +0.046 3.24

e 0.039 +0.016 2.35

Digit
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6.4 Further Results

Cost was also regressed against weight patterns and cores and at

a signficance level of 0.2% the following equation resulted

1]

COST (£) 0.229 x WEIGHT
-0.107 x PATTERNS
+0.294 x CORES

+0.909

This equation accounts for 88.4% of the cost (multiple correlation
0.941). These results are illustrated graphically in Apoendix 4C
and reference to the observed versus calculated values shows the

accuracy of the equation.

An attempt to determine a relationship between the actual scrap
and the seven classes to determine if extra scrap allowance should

be made for castings with, for instance, greater complexity.

At a sianificance level of 20% both weight digit and material

digit appear to be predictors of scrap. The esquation being:

SCRAP (%) = 0.515 x (WEIGHT DIGIT)'*7"
-0.323 x MATERIAL DIGIT



This accounts for 9.5% of the total scrap. However at lower

significance levels the material digit is not in the regression

set and at a significance level of 0.1% the equation is:

SCRAP % = 0.482 x (WEIGHT DIGIT)'*”®
+ 8.09

The standard error is +0.12 and the multiple correlation

is 0.286.

Hence Johnson Radley would be advised to allow for greater

scrap rates for heavier castings. A table may be drawn up
giving weighting factors for heavier castings, although there

is a high residual error so there are other factors contributing

to scrap rates.

The approach used was an effective way to test the significance of
the classes chosen in fulfilling the aims of the classification system.
It is hoped that this technique will be of assistance as a means of

validating the parameters for future classification systems.

The experience gained in developing and analysing the system will
be discussed in the following chapter so it may serve as a guideline

for the development of future classification systems.
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CHAPTER 7

THE RELEYANCE OF THIS WORK TO THE

DEVELOPMENT OF A -CLASSIFICATINON SCHEME

The greatest contribution of this work will, it is

hoped, be in providing an approach to the development of
classification systems for the cast-metal and similar
production industries (for example, the plastics moulding

industry).

The approach adopted has been discussed in some detail and
the purpose of this chapter is to use the experience gained
in this work to improve upon the technique 3s a guide to

future researchers,

7.1 The Team

Before work mey begin a team must be formed. The team should
consist of people who have some knowledge of the area for which
the scneme is to be developed and preferably at least one person
who is working in that area, for example, an estimator for a
cost-astimating scheme. The team should be big enough tc
accommodate all the people who can offer some expertise but

small enougn that meetings will not get "bogged down" by too

many people airing views. Between four and six people is procbably

the optimum number.
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L]

One of these people should be appointed team leader. It may be
preferable if this person is appointed from outside the company
otherwise he may have other duties; during the development

stages he should be working full-time on the scheme.

[t is important that the team knows the aims of the scheme.

Once this is established all members can contribute but there

is 1ittle value in having someone in the team who does not
believe in the scheme as his useful contribution will be minimal

and may, in fact, be destructive.

7.2 Defining the Problem

The team must define the problem - this is particularly important.
It is suggested that the scheme be developed for cne department

in the company and then it may be modified for use in other areas

at a later date, otherwise a scheme will result that is either too
broad to solve any specific problems or its development will be

too complex.

[f the scheme is designed for the area of central importance
in the company, usually production, the modifications for other

areas may not be so great,

For example, if a classification scheme is developed for production
scheduling in a foundry it will have to consider the various production

departments. To further develop it for cost-estimating one may
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have to modify it to consider the costs of raw materials, delivery
costs and profit margins but the basis of the scheme may be the

same,

At Johnson Radley the problem was defined as "a need to develop a
classification scheme which could be used to classify any casting
that Johnson Radley may be requested to quote for, so that the
scheme could be used as a reference in comparing existing with
potential jobs for the purpose of achieving more accurate

cost-estimates”.

At times enthusiasts in the team prompted the reasearcher to go and talk
to producton personnel about adopting the scheme for production

scheduling.

This was resisted for two reasons:

(i) It was more important to satisfy the initial aim
firstly as this would be the biggest "selling

point" to other departments.

(ii) Because the problems of production scheduling had
not been considered in the scheme's development,
it probably would not nave been applicable and
failure would have lead to a loss in confidence

in the scheme,
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Ley's Malleable developed their scheme initially for cost-estimating.
Not only has it been successful but the production department

has been able to use the classification number to refer to jobs.
However, much work is still required before the system may

actually be used for production scheduling.
Defining the problem imposes a discipline on the team, ensuring
that it concentrates on the problem and does not get side-tracked

during the meetings.

7.3 The Approach

The approach used at Johnson Radley was effective. The researcher
{team leader) made the suggestions, and the rest of the team
criticised constructively so the researcher could present an
improved proposal. Whilst this may appear somewhat harsh on

the researcher, it should be remembered that a good team will
comprise people who are experts in all areas of interest,

hence with a positive attitude they can make a significant contribution.

Testing new proposals will vary depending on the scheme being
developed. For the scheme at Jonnson Radley testing consisted
of getting the members of the team to classify castings and

determining if:

—
=
—

They arrived at the same code numbers, i.e. was

the scheme consistent.



(i1) The codes were succeeding in delineating the

different types of castings.

(iii) The codes were giving members of the team a

"picture" of the casting.

The development of the scheme must have the approval of top
management, and if possible the Managing Director. At Johnson
Radley work was hindered by not having the full approval of
the Sales and Marketing Director from the outset and some
meetings had to be cancelled while this problem was overcome.
When the meetings were reconvened people's memories had to be

refreshed and this wasted a considerable amount of time.

7.4 Data Collection

When the team feels confident that the scheme is in a useable

form, which is a subjective decision, the researcher should

collect a sample of jobs and code them - ideally with the team.

This sample must be a fair cross-section of the company's jobs.

Faults may appear at this stage which need to be corrected.

7.5 Analysis

The data should be reviewed critically in conjunction with the

classificaton scheme and may even need to be subjected to

detailed analysis to validate the classification scheme.

88.
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It may involve determining if there is aspread of classification
digits being used in each class. For example, if 85% of the
weight class may be classified by the first four digits the weight
classes possibly should be re-defined. In other cases histograms
for each digit may have to be plotted or correlations between
classes may need to be calculated. If two classes have an
extremely high correlation it may be possible to dispense with

one class.

Johnson Radley would be advised to redefine its weight class to
achieve a linear relationship with cost. This weakness in'the

class was only discovered during subsequent analysis (see section 6.2).

Changes that need to be made should be discussed with the team
so that they feel an integral part of the schemes development.
Otherwise, support for the scheme may be lost at the very

important stage of implementation.

7.6 Implementation

Due to management indecision at Johnson Radiey, the scheme has
not been implemented although they are convinced of the need for

a classification scheme and are hoping to implement it,

However, some work was done in preparation for implementation. It
was ensured that anyone who would be associated with the scheme's
implementation and operation understood its aims and requirements. Meetings

were neld with the Financial Director and Computer Programmer
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to ensure that the computing facilities were satisfactory and

available when required.

It is essential that people involved know about the scheme.
It may be necessary to give a lecture about it. Furthermore,
proposals may have to gain the approval of unions - overlooking

this may be an expensive mistake.

Once the necessary approval is gained, a timetable for implementation
must be constructed. The researcher should try and oversee
the implementation whilst not becoming too involved otherwise

his withdrawal from the company may cause the failure of the scheme.

7.7 Further Development

The successful operation of the scheme may lead to modification
in order that it may be adopted by other departments. A new
team will have to be formed and it is suggested that at least

one person in the team should have been in the original team.



CHAPTER 8

FUTURE WORK

This thesis is concerned with a classification system for use in
cost-estimating although mention has been made of the use of
classification systems in other areas. It may be interesting to
consider breifly how classification may be adopted by the
foundry industry as a whole and then to suggest further

developments at Johnson Radley.

8.1 Classification and the Foundry Industry

Classification may be used as the tool in solving many of the
problems that the foundry industry encounters. Whilst this work
will not discuss these proposals in detail it is hoped that someone

will be sufficiently encouraged to pursue some of these ideas.

8.1.1 Classification for Cost-Estimating

The approach used at Johnson Radley in developing a cost-
estimating system based on classification has potentially
broad apolications, particularly for foundries that have
a large variety of castings. Although the classes may have
to be redefined, the principle of using classification as a

means of reference could be adopted by many foundries.
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Furthermore, provided accurate data may be obtained it is
believed that a regression equation of the kind suggested

in Chapter 6 could be used for cost-estimating. However a more
detailed analysis is suggested so that other factors may be
included in the equation, for example, scrap rate, fettling
costs which would somehow be related to classification numbers,
inspection costs and overheads. In the analysis in Chapter 6
these costs were considered collectively, however, a more
thorough analysis in which the costs are studied as

separate entities is required.

A chart could be constructed for salesmen so that jobs could be
quoted for immediately. It would have cost tabulated against
classification numbers for each class. The salesman would
classify, refer to his chart by selecting the required digits,
add up the costs and quote. Provided the limitations of the
system are made clear this would be efficient and accurate and

undoubtedly would give the foundry an advantage in the market.

The equation may be changed as costs, rise by adding the appropriate
percentage to each of the coefficients in the regression equations,
and constructing a new chart. A programmable desk-top calculator

could quite easily perform such a task.

8.1.2 Classification of Production Control

"Production Control has as its main objective improved
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productivity via the optimised use of scarce resources, labour,

plant and raw materials". 1€z

Some of the problems associated
with production control were discussed in sections 2.3.3 to

2.3.7 of this thesis.

One of the secrets to running a successful batch producing foundry
is to obtain good product-mixes, this means organising oroduction
runs of castings which complement each other on their demand for
the facilities. For example, mixing castings that require many
cores with those that require few cores, castings that require
much fettling with those that require little fett]ing; while
ensuring that the furnace is working at full, or near full,

capacity.

In most foundries production scheduling is determined by customer
priority and experience but there is very little scientific
decision-making. Work has been done on computerised production
scheduling for foundries and computer programs are ava11ab1e,(28)
however, the cheapest known system is only considered worth
installing if the company has more than four-hundred live
patterns (i.e. natterns that are used at least once every twelve
months) and then the cost of running the system is over £1,500

per annum if the company owns a computer(zg).

[t is believed that classification could be used by the production
scheduler to obtain a better product-mix. A very elementary

solution , although probably an improvement on scheduling systems
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now operating in many foundries, would be to have a listing of
jobs to be produced, say for the next week, perhaps in order of
urgency and let the production scheduler construct a schedule
which had low and high numbers alternately, hence their would

be a mix of; heavy and 1ight castings; many and few cores per

casting; slow and fast to fettle and inspect; etc.

More sophistication could be achieved by deriving empirical
fomulae based on the constraints of the foundry. For example,
the maximum metal that may be poured each day may be 100 tonnes.

A formulae such as:

Ax1 - sz - Cx3 IR e

M

where: A, B, C, etc. are the quantity of each
casting to be produced.

X1 Xos X3, etc. are weight classification digits.

M is a scaling factor.

The scheduler will know that he must obtain a mix which gives
a value less than 100 but greater than say 93. Similarly, a

formulae for core, fettling and inspection SUVS could be constructed.

Adopting this approach would be simple, quick and more efficient

than many existing procedures. Pernhaps it could be further enhanced



by using a computer and feeding in the digits of all castings
to be produced. The problem is essentially one of linear
programming and an optimal solution could be produced daily,

weekly or monthly.

8.1.3 Classification for Marketing

As mentioned previously the problem of analysing jobs on the
basis of profitability and relating this to market segments
is particularly complex for many foundries. This is further
compounded by the fact that profitability is related 'to

product-mix.

Using classification as a reference base for analysis it will
be easier to establish the type and mix of castings that is
most suitable for a particular foundry. Having done this

salesmen may be directed to the most lucrative markets.

8.1.4 Computer Aided Design

Some work has been done on using computers to store specific
shapes of castings (in the form of co-ordinatres on a grid)

and then feeding in details, such as wall thickness, types

of material and size, to obtain a cost and then let the computer
give instructions to a numerically controlled machine which

manufactures the pattern.(30)
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[f this program is further developed there will be a need
to define classes of castings that have been programmed.
It will be considerably easier to do this by means of a
set of digits than by a descriptive term such as a "medium

sized pump body".

8.2 Suggested Further Work At Johnson Radley

The scheme proposed for Johnson Radley has the full endorsement
of the team and it is believed that implementation based on the
guidelines set out in Chapter 5 should proceed with haste; while

the concept is still fresh.

Furthermore, there is a need to establish the real costs involved
in each job as quickly as possible and increase the company's

fettling capacity.

Having solved these problems another regression analysis could
be carried out and quite likely an accurate equation based on

classification numbers could be achieved.

Johnson Radley would benefit greatly if the classification scheme
could be extended for production control and marketing. Steps have

been made to interest management in this field, see Appendix 6.



CONCLUSIONS

There are a number of factors that must be considered in the
manufacture and marketing of castings and these could be

greatly simplified by a more rational approach.

Classification schemes may provide a useful tool for adopting
a systematic approach to the problems encountered by the

foundry industry.

The Eastern European schemes are a useful guideline for the
development of classification schemes, but there is no literature
available on the success, or otherwise, of their application.

With the exception of Pacyna's scheme, they all appear to lack

precise definition.

Pacyna's classification is too complex for most industrial
applications although his suggestion of using regression analysis,

to obtain a cost-equation, is worthy of further investigation.

There is only one known castings classification system in
operation in Britain, it is based on Malek's scheme and is
successful - largely due to the company being involved in a

very specific market.
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Another scheme based on production routes is soon to go into

operation and looks promising.

A classification scheme developed at Johnson Radley, by Anstie,
was a useful guide but had to undergo a lot of modification in

preparation for implementation

Johnson Radley is well equipped with production facilities
and potential markets but lacks experience in general
engineering castings and in particular requires an improved

cost-estimating system.

A team of people comprising the author and a number of people
from Johnson Radley worked to develop a classification system

to achieve the following:

(i) Consistency with different people classifying;

(i1) Obtain some idea of the appearance of the casting by
studying the code numbers;

(iii) High classification numbers should indicate increased

complexity of manufacture with the three "problem" digits.

The outcome of these meetings is a classification system which
it is believed will be highly effective in being able to compare

the cost of new jobs with the updated cost of old jobs.

It is believed that no casting classification schemes can be

completely objective. At Johnson Radley this problem will be

98.
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overcome by making a set of decision rules when in doubt, i.e.

precedents will be set that have to be followed.
The requirements for the proposed system at Johnson Radley are:

(i) The cost-estimator must be able to use the classification
system to get accurate codes for casting.

(ii) There must be a computer print-out with all jobs listed
in order of classification numbers and the data necessary
forcastings listed with these numbers.

(iii) This output must be produced at regular intervals so that
changes in costs, method of manufacture and new jobs can
be made available to the estimator. _

(iv) The cost-estimator should make comparisons between the
job to be quoted for and existing jobs by means of the
code numbers.

(v) To further identify similarities the cost-estimator should
have drawings of all jobs listed in the computer print-out,
filed in order of the classification numbers.

(vi) Having read the relevant data from the computer print-out
he should complete the "Casting Estimate” form .

(vii) The estimator should ensure that he receives a feedback
of actual production data when the casting has been
manufactured, for three reasons:

(a) To assess his accuracy and hence improve his
ability to estimate.

(b) To allow the computer output to be updated.
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16.

1

100.

(c) So that management can be notified of any

apparent production problems.

To validate the classification scheme a statistical analysis
which considers the correlations between variables and the
contribution of the classes towards the cost of a casting,

was carried out.

The analysis is useful as an approach to be adopted but it
should be remembered that estimated and not actual costs were
used, hence not too much importance should be placed on the

values actually obtained.

The analysis indicated the relationship between weight class
and cost could not be considered as linear and hence the weight

class should be re-defined.

The correlation between cost and the six classes analysed showed
they were all significant at the 2.5% significance level. The

highest correlation with cost was the weight class (r = 0.928)

followed by the patterns per board class (r = -0.607).

When the weight class was re-defined appropriately the regression
analysis showed the following classes were included in the
regression set at the 2% significance level: weight, complexity,
patterns per board and material type. These four factors account

for 88.2% of the cost of the casting.
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Analysis indicates that using a cost equation obtained by
regression analysis is likely to be at least as accurate as
the present cost-estimating system. However, the limitations

of the application of the equation must be clearly defined.

Further analysis shows that the scrap rate at Johnson Radley
is dependent on the weight of a casting and possibly the
type of material. This should be reflected in future estimates

at Johnson Radley.

The aporoach used at Johnson Radley and the subsequertt analysis
is considered to be a good one, hence it is outlined for

other companies to adopt.

Classification could be used as the tool to solve many of

the problems that the foundry industry is facing, for example:

(i) Accurate cost-estimating.
(i) Improving product-mix.

(ii1) Defining the market.

[t may be useful to develop classification systems to define
shapes of castings which are to be designed and manufactured

with the aid of a computer.

Johnson Radley should implement the proposed cost-estimating
scheme and when it is successful consider further development

for production control and marketing.
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GROUP O Castings which can be formed naturally according to
Simple castings a solid pattern or according to a pattern with a
without flat or shaped parting plane. Cores can be used

cavities to pre-cast isolated openings.

(an opening is a cavity, the cross section of which
in the plane perpendicular to the axis is negligible
compared with the area of the sectional view in the

same plane).
GROUP 1 Castings demanding a multi-split pattern, or moulds
Complex formed from patterns with the multiple partings areas,
castings
Attt Tosse parts or false cores. Cores can be also used
cavities to cast openings.
(False cores are those which are parts of the active
outer surface of a mould but do not come into contact
with molten metal more than by one half of the perim-
eter of the largest cross-section perpendicular to the
wall. It is not decisive whether the core is formed
in a core box or in the mould itself).
GROUP 2 Castings with a continuous cavity, the forming of which

Simple hollow usually requires one main core. The outer surface of

Castings the casting can be moulded naturally. Pre-casting of

openings can be done by means of additional cores.

GROUP 3 Castings with a continuous cavity formed with one core
Complex or castings with several non-continuous cavities formed
hollow : : :

castings with cores. The outer surface of the casting cannot be

moulded naturally. It must be moulded by means of a
muitiple split mould of pattern, loose parts of false
cores.

GROUP 4 Hollow castings with a number of non-continuous or dif-
ferenti cavities f ' e

e Vion ease erentiated cavities formed by means of a number of cor

castings systems. Unfavourable diversification of the outer
surface requires the use of false cores and complicated

ways of splitting the mould and the pattern.



Bar Casting

Plate Casting

Prism Casting

Frame Casting

Rotational
Castings

Combined
Casting

Lever Casting

Pipe Casting

Armature
Castings

A casting, the length of which is usually larger
than five times the width or diameter and the width
is the second largest dimension of the given casting.

A casting of angular shape, the height of which is
less than - or equal to - a half of its width (the
second largest dimension).

A prism-shaped casting, or a casting near to a prism;
its height is more than a half of its width.

A casting of angular shape bounded by straight or
arched walls with angular or shaped non-rotational
The main inside dimensions are equal at
least to one-third of the corresponding outside

opening.
dimensions. Castings closed from at least three
sides (horse-shoe shape) are considered as frame
castings.

Castings of circular shape or of annular cross-
section (or their parts -segments and sectors).

A casting consisting of two or more basic shapes
with none of them clearly prevailing, the shape

being incomplete.

Straight, cranked or a spider-shape castings with
local reinforcement.

A hollow, lengthwise rotational casting the length

of which is more than three-times the outside diameter.

Included here are castings which are of indirect
or crossing axis of rotation.

Hollow castings for liguid or gas lines with a
continuous cavity with projections for blocking
the flow.






Shape Classes

of Castings

Longitudinal Castings

Castings regardless of their geometrical shape,
in the framework of the given group, provided
that their L=4B.

Flat Square Castings

Castings near to a circumscribed prism of which

L= 4 B and H:sLL{E—g

Flat Rotational Castings

Circular castings the height of which H=0.5 D,
and castings of cylindrical shape, the length
(L) of which is 3 D== L= 4 D.

Flat Frame Castings

Flat castings of angular shape Ls=4 L,

Hs;E-E—E with mass at least in its three periphery

walls L=0.,5 L; b=0.5 B;
area f= 0.,25F.

Flat Combined Castings
Due to irregularities of their shape these cannot

be classified among the 0-3 class castings.
Theoretically they can be analysed as consisting
of sections of the following

shape Hs S

L=< 4B, T

Voluminous Angular Castings
Castings near to a prism circumscribed to a casting

LstlD,H:a-LZB

Voluminous Rotational Castings

Circular castings the height (H) of which is
0.5 D=H=3 D.



Shape Analysis of a Casting

Massive Castings

These are full of castings, the volume (V) of which

is near to the volume of a circumscribed prism V.
eaTR, ) As a rule, the volume of a casting is=2/3 of the
éizﬁiib volume of the prism. The thickness of the casting

t s - L +8B
Ve

Moulding may be difficult because grooves and bosses
are smaller than the thickness of the adjacent wall.

Simple Castings without Cavities

——— These are castings of ordinary thickness, without
oo B ffw) s ;
i cavities, with a naturally moulded surface.
Complex Castings without Cavities
Castings without cavities, of ordinary thickness;
91 ¥ their surface is not naturally moulded (i.e. use
I,:‘I * :::

of cores).

Simple Hollow Castings
Castings of ordinary thickness (as 2) with a

simple continuous cavity.

§
i:4=======%k Complex Hollow Castings

Castings with a simple cavity which do not have naturally
moulded surface (as 3). Castings with naturally
'_g;- moulded surface with a complex or a simple system of

g“} e cavities.
e

Case Castings

Castings with a very complicated system of cavities

= with a diversified shaped surface that cannot be
L s 4
o ,é;:§ formed naturally because of the complexity of its

’n-.-.q\

internal cavities.

7, 8, 9 reserved for classification of castings not described here.
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Voluminous Frame Castings

L+B
a

Voluminous angular castings L<d4 D, H=>
with mass 1=0.5 L; b=20.5 B
area f=20.25 F

Voluminous Combined Castings

Castings that cannot be classified as O - 7 due
to their irregular shape. Theoretically they
can be analysed as consisting of sections of
the following shape: L4 B; H:zL-Z—E—

Voluminous Spheric Castings
Castings of spheric shape - L =D =H =10

Classification according to Weight

Up to 8 kg.

8 kg 25 kg

25 kg. 80 kg.

80 kg. 250 kg.
250 kg. 800 kg.
800 kg. 2,500 kg.
2,500 kg. 8,000 kg.
8,000 kg. 25,000 kg.

25,000 kg.



Classification according to Length

W 0O ~N O O B2 W RN —

over 100
160

250

400

650

1,000

2,000

4,000

mm.
mm.

mm.
mm.
mm.

up to

1

100
160
250
400
650

,000

2,000
4,000

Classification according to Thickness

38

3833

Classification Degree

Shape Groups
(7th Digit of a Code)

0 1 -
N { LB~} L lg Ls B= L
2. A 1/16 L= B==3 L |} Ls B=3i L
3. Thin Wall Castings B<1/16L |3 L= B} L
4, i lsB= i}l |} Ls Be< L
5 B 1/16 L==B=< 3} L |} L= B=31L
6. Ordinary Thickness B=<1/16L |} L=< B=<} L
7 } L=B=3l |} e B L
8. C 1/16 L== B=<= 3 L |} Lles B3 L
9. Thick Wall Castings B<1/16L |3 L= B=i L




Detailed Classification by Weight of
Castings up to 8 kg.

Castings of the weight

1. up to 0.8 g.
2. over 0.8 g. 2.5,
3. 2.5 9. 8 g.
4. 5 4. g9 " 9.
% &8 4 80 g.
6. 8 g, 250 gq.
Vi 250 g. 800 gq.
8. 800 g 2,000 g,
9. 2,500 g 8,000 g.

Classification of Castings by Area
(Castings up to the weight of 8 kg.)

Area of a Casting

1 up to 2.5 cm2
2 over 2.5 cm2 10 cm2
3 10 cmd 25 el
4 25 cm? 50 cm?
5 50 cm? 100 cm?
6 100 cm? 200 el
7 200 cm? B0 em?
8 350 cmé 800 cm?
9 over 800 cm2

The area of a casting in its parting plane is determined as
a product of two largest mutually perpendicular dimensions
in the parting plane.



Classification by Tolerance

Castings

Quality

Ordinary | Sampled | Tested

Ordinary Tolerance
Increased Tolerance
Highest Tolerance

Class of Tolerance

Specification of Terms used for Castings of:

Ordinary Tolerance:

Increased Tolerance:

Highest Tolerance:

Ordinary Quality:

Sampled Quality:

Tested Quality:

degree of tolerance according to CSN
(Standard No.) 01 4470 0.5

CSN 01 4470 D4, D.3
CSN 01 4470 0.2, 0.1

Castings approved on the basis of
visual check-up, faultless with regard
to their serviceability.

besides visual check-up the material is
tested by individual tests or by means
of a system of tests.

besides visual check-up and material
tests, special tests are carried out to
prove the homogeneity of a casting.
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CLASSIFICATION OF MATERIAL

Branch of Material Coding Specification of Material
- 0 Grade 14
Grey Iron 1 Grade 17
- 2 Grade 20
Vantage Iron 3 -
White Cast Iron - AP 202A
S.G. Iron - as cast 5 AP 2028

S.G. Iron - Pearlitic 6 -
S.G Iron - Ferritic 7 -
Malleable - Pearlitic 8 -

Malleable - Ferritic 9 -

CLASSIFICATION OF STYLE

Weight Range (Kg.) Coding
g = 3.0 0
3.1 =1 8.0 ]
6.1 - 10.0 2
10,1 = 15.0 3
18:1 = €00 4
20,0 < 30.0 5
30.1 - 40.0 6
40.1 - 50.0 7
50.1 - 60.0 8

Over 60 9



CLASSIFICATION OF PATTERNS PER BOARD

Patterns Per Board







CASTING ESTIMATE

CUSTOMER EST. NO.
DESCRIPTION DATE
PART NO. EST. WGT.
QTY. METHOD
MATL. SPEC. YIELD
SCRAP RATE PATTERNS
METAL MELTING QTY. WGT . RATE VALUE VALUE
GROSS
SCRAP |
SUB TOTAL
COST CENTRES DETAILS RATES VALUE
COREMAKING
MOULDING
FETTLING
HEAT TREATMENT

SUB TOTAL
OTHER EXPENSES DETAILS RATES VALUE
REJECT RES.
CONTRIBUTION
DELIVERY
SUB TOTAL
EACH £/T £/B0X







CLASSIFICATION PARY PRICE WE1GHT PAYTERNS CORES CORE TOTAL TUT Ay SrMAR TuT Al

NUMBRER NUMBEFR i) PER PER MAKING  GQUANTLITY nUANTETY RATE WitanTITY
ROARD CASTING sSuUvs qaNF SCHADPFD ¥ 1SSUFkD
nozial 13up n,a% FaY 14 1} 0,0 £16 1 i h 19 M
n200an CBER 0,99 242 L] U 0,0 LI 1 L i) #s
neopae £Yyuy 0,53 (I ] 10 M 1} 0,0 1080 an /b CTE)
n20381 CrUR 0,72 1+3 H {1 0,0 S1¢ 14 P 457
021881 vaup 0,80 2.9 L 0 0,0 167n s? 5,0 1194
nee2R unby 0,29 1.3 8 R 1] 0,0 DRI .7 -] L) hY
026011 81y 2,19 1,0 1 ¢ 0 0,0 L " L 4
N33R 83y 0,50 1,0 10 0 0,0 140 2 I 184
n34281 cBuy 0,86 146 10 4 2,0 100 0 0,0 9y
n3s>zs ey 0,71 242 8 1 5,5 16 2 P | 94
nirasy £Bug 0,34 0.7 18 s 0.6 805 A 239 150
neusal 13¢4 0,70 2,8 6 1 6,7 sS40 n T 2Re
n&2091 03y 0,56 1:1 16 1748 L Vh 12 14,8 /8
n&Z3g1 inug n,5% 1,6 11 1 5.3 1 n n,n 1175
nN&s5091 1604 v, 77 1,5 16 1 6,7 1280 ‘A S 11RO
ne7o68 vueuq 1,05 2.4 6 M 1 4.3 2302 1A oo 2NAM
n&k74R2 LATE 0,41 1,0 B 1 B,0 Sv e " 0,0 59¢
nkB211 €8¢y 1.3% P 1 1 Ty 106 10 5¢
n36211 482 2.19 1.1 1 ¢ [0} 0,0 / n ¢
D57361 vive 1.7 248 6 R Z 18,7 550 ' W 519
101361 1802 1.02 5.2 b5 R 0 5.¢ 17 0 il o ]
120021 efug 2.0 5,8 Z U 0,0 192 4 B 1RH
120031 ¢Bey 1.25 Ly2 3 0 0,0 L3 ) ? $,1 AS
120331 1347 ) ‘e B 5w 0 0,0 149 X B ] 164
1203%2 €304 2,453 5,9 L 0 0,0 242 12 h 198
120341 ¢Bey 1.55 LyD & 0 0,0 el a 5
120041 1173 1.2 3,2 4 0 0,0 Al L a1
121342 AR LTS 1,60 5.8 LI f 0,0 280 1t L S g AT
121343 1109 1,49 5.2 & R 0 o,u 142 1 131
121381 T3 1.5%0 3.0 H U 0,0 Zh n 0 P
121651 1348 112 Ly S 5 [t} 0,0 160 A AL 154
121761 [4.74)! 1,87 5.6 L) 0 0,0 S 0 o, n 57
1265418 LR NS 1.4 5.6 4 R 0 0,0 clh V4 R 191
131642 ususg 1.RH 3,0 6 R 3 5.0 rA1T] 1t 5,7 ‘1e
140821 €Buy 3.21 LB 4 1 3.0 /b ? K, 2¢
1413511 Vaug 2.5 5.0 1M 1 5.0 382 14 Ly H 316
14641311 £o3s 0.97 3,0 3 1 Hed 149 ? 13 147
141319 cous 1.95 5,0 3 / ;[ L) t % h
141331 o1y 1.62 Ly B 3 ¢ 15.3 LY 11 175 A
141381 eulp 1.03 5.0 10 1 5.0 110 1 .9 95
1641582 13¢y ) B B 4,3 8 0 u,0 2616 L . 1 | 2%2n
142181 201 ¢, 1,59 5,8 6 1 B, 3 14k u 5,4 134
1642381 Lody 1.87 Ly H 1 5,0 74 t 5 21
142771 erus 0D,A3 Ly O ¥ 1 3.% 580 4 S54¢
142881 T8uU4 118 L, B 6 n 1 4,0 LR v 14,2 55
1453A2 Tuuy 1.43 Led L] 1 ] L1ay WA 19,7 1795
1453R82 Tuug 1.5%0 3.0 L 1 5.0 14 4 £ ¥
1646341 1002 1.%¢ Lo b 4 R 1 13.3 LRI 1019 | e L Y4k
1473R2 Vlug 1,54 b.2 A R 2l 17,0 25074 214 Ho5 é29h
1648342 1Uuq 1.19 L3 A R 1 5,4 12 ) W, N 1¢
148342 1L 1.45% (B 6 R 1 6.U 1H4 S 117 w8 1497
131042 ¢Yuy 1.60 bt L] / 1.0 1884 )2 "ew 12467
157621 €839 1.19 bLeb [ ¢ L 156 % 0 185
157941 Vius 2,26 Ly 4 o o b, d 1840 frds Seh 146
204031 1vYuy i ) 5w 1 0,0 106 5= de N 120
211351 13ve 1.53 [ 5 1 5.8 Jau 4 pi,n 4
220041 LTE] 1,82 7eb 4 1] et fh ) Aot 75
221042 eyup 2.nh 8. & M u U, 1124 W =5 Yty
220 %1% 151¢ 4. 3 - A 1 1 i MW n L 9 P Ly



221332
22322
224021
224022
224062
225761
230922
256421
260321
2403521
2640321
2640332
260741
26471321
2641321
261329
261321
261361
262341
762341
262343
266221
247051
252122
2%2621
254629
266922
267921
300321
105043
20011
320021
320031
120321
%20%22
x2082¢2
322741
324223
126332
331510
340311
340321
3021
40321
361041
341311
341321
341321
341321
362612
341621
141622
354221
372322
376922
420321
620321
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460511
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L6152
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vVouy
14u9
1Yuy
couy
15u9
1320
udnp
£blg
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ZBSR
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£Bug
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uYuy
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(X152
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uillp
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uousy
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Ubus
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1Yug
T30k
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EL s sy A ol hiet N el K. g LR B L L N, r 2005 114 L 2108
h&r321 U3uy 5.06 18,2 2 AL 2 53,13 £1) a 4,0 145
(48611 £bup 6,27 17+8 1 1 35.3 5y p) B I
L5722 TLET] &,07 18,2 £ é 55,4 17 a (! V7
L62922 €301 4,59 19,0 Z R 1 5.0 8k £ Gy b 689
L6831 U114 7,87 1748 1 1 4.8 117¢ L (S 10y
526213 uruy 5,28 22.5 1 ] 3.5 Srr e ., A 624
534426 Teuy .11 2h4h 2 R é 4,0 ing 14 ALK 104
536211 Zouyg ST 27,0 1 W L 19,0 N A 1355 48
540021 13¢¢ 7.08 29,6 1 1 19,0 574 §2 2,y ?
541512 1314 4,97 20,0 1 : 1 5.0 2k 1 L 25 1
541321 13194 5,31 23,0 2 4 4,0 v 2n LA Y4
5641611 €307 . S 23,6 1 1 y,0 1464 11 .S 143
542321 Viug 5,54 24,0 2 R 1 6.5 150 15 Cir 11>
542612 Uduyg 9,41 20,6 1 é 40,8 104 3 P 79
547012 1ruq 7,61 24,2 1 1 14,0 457 94 2e .8 44
547322 Ueug 6,49 244 2 4 15,0 129 19 . 54
552412 Uaug 9.4 292 1 A L0, 8 v 51 57,4 82
554612 £Ulq 11,40 24,0 1 < 50.0 4 o fh,n 4
565212 £rug 10,né 2440 1 5 18,2 147 Ak Lt 0 67
565942 2rug 9.26 2042 1 P4 15.6 “ f v, n 4
625221 13u8 10,47 19,3 Z 0 0.0 21 2 45,0 1"
441012 veus B8.R2 16,1 1 0 0,0 AN H7 47,0 70
641311 T80y B.01 TR, 6 1R 1 8.0 158 L 55,0 A3
41321 1YuR B.pe 10,6 4 1 17,0 5¢ 19 10,6 (8!
f62021 (4-T4-] B, 47 15,7 Fd 1 16,6 34 54 T 1h
442021 1Y) B p2 13,4 FARY] 1 19,0 28 i 16,3 2h
bbeat2 Udug 9,63 14,6 1 2.5 18,7 1275 4R < R i
Abbby2 €U 11,94 15,5 1 1 10,0 57 7 14,9 2h
445011 Zouy 1,26 10,2 1 2 35,3 5 18 24,0 $1
AS0611 €ius 6, R0 1.4 1 AL 1 2.1 28 i 14,3 24
668311 vlup 1,55 0,3 1 é Zu,n 75 3 [ | 55
724011 1340 10,589 4740 1w [t} 0,0 27 4 14,4 24
734416 140y 12,54 L2464 1 2 3.2 ene R 6,0 191
761211 £ruy 11,86 42,6 1 1 24,0 142 1 6,8 144 |
741311 13¢4 12,38 9,4 1 1 18,7 100 14 15,0 A5 _
762492 Uduy 10,97 45,0 1R - e 1.7 B an 12,4 599 |
764412 €ouy 15,55 L7,8 1 6 B,2 i > 4,9 LT3 _
767911 viuzy 6,95 16,8 1 5 55.0 234 & 3,9 154
767911 Uty 15,13 46,8 1M 4 40,0 74 12 17,8 7H
R&1022 TYuy 15,91 5R,0 é 1 3.0 i 19 54,8 13
A55811 109 13,14 57.2 1 3 1750 12 ® 2%.,0 7
RT7711 Ulup 11,RY 5045 1 7 5.0 se7 LT} A, S Ko
ALL PRICES ApF JAMNUARY 1975 MANY HAVF JUST HAD a PEWCFWTAGE INCRTASF ADDED N |
THFRE ARF 170 CARTINGS LISTED _







LA AT A ALy ol b AR AN b PV WEE W Y Sy ST e STV Y, W bl RO SN N
MEAN MAXTMIM VALUE STAMDARD DEVIATINN

COMST 1,000

WEIRTD rT.o9r u_nto 33,085 2,029

CHPLKD 5,518 _nny T.000 1,381

GENMED 4,429 0., 00 AR, 00N 2. 321

DESCRD 5.%53 n_nuo - 2,000 2 4T0

PTTHSD 5,182 1,000 R.000 2,395

MATELD TG 2. puo &4, 000 9,548

CUsT AL uw_ 2%y 15.14%n LI LA

WELIGHT 15./33 v, 7o 5%, 000 14,614

PATTNS 3,640 1.009 18,000 3,08%

CORES 1,154 0_pu & Tpn 1,145

CRESUV 10,57 bt 175,000 1A, 741

SCRaAP 11,0581 U,nbn P4, sun 15,7209



CORRE|LLATION

MATRIX

WETRTD
(AL Y
GEOMED
DESFAD
pTTuSD
MATELD
rosy

WEIGHT
PATTNS
LURFS

CRESUV
strap

WETGRTD
cCHMPI XD
GEDMED
nESrep
pTITuSD
MATR LD
cusrT

WEIGHT
PATTNS
CURFS

CRESUY
sCaap

Ty Ty U

WEIGTH

1,00n

n,308
Y T11R
LS
_..n-..wm
n,168
n.9z29
:”o:a
n,51%9
n,31n
n,h%Y
n,286

CRESIIV

N 4By
0 42%
o
LCB7
LI 131
n, 0A%
n,e9n
n,LAs
n,27%
:.ka.
1.000
n, 1549

LI R A S

‘.._ X

0,pA
1,000
0y 24@
0D.3%RO
0,258
n.n87
N.32727
n,?RA
D211
[
0,423
O.NKS

SCoar

0,2as
LY S
« 01
UG E T |
nN_>an
N,0ak
0,284
R I
0,240
N,n5%
0,189
1,900

ivh

Gk OMED

n,11s
(A Y
1.0a0
n.,138
i,n29
n,0rA
N 1AT
1,100
n,Nné1
n, %82
n,25%
n,011

PPV SITRIIST YA

VESCRD

"W, ne1
U, TR0
Ue,144
1,000
104
Wy
AL . T4
U nzr
Uet10h
U, 289
(U-1. 74
:.:._._

PTINSD

n, 264
n,esh
n ugy
0Ny Vs
1.,u00
n, U8
n.bur
0,88
0N, Y5y
n,195
fHe30Y
n,Z18

MR AT =T33

MATRLD

H,16R
=- 0 057
H,07A
2
= ), 0RY
1,001
0, 206
D151
= W0
n,ns54
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=- U, ik

AN EF
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N KT
e
- _ AT
n,2NA
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L R
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237
e
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REGRESSION ANALYSILS

DEPENDENT VARIABLE cOSy nEGREES OF FREEDNOM 165
INDEPENDENT VARIABLES AT SIGNJPICANT | EVEL 2,00 x

WEIGTD CMPLXD GEUMED pDESERD pTTNSD MATRLD

VARIABLES IN THE RPGRESSIUN SET )

VAR REGRESSUN STANPARD CONFIDENCE T STAT panl
NAME LOEFF ERROR INTFRVAL CORR
WEIGTD V,3100984 L126185E= 1 _295905E= 1 4,64 0, HY
cCMPLXD V,24322/73 BYTOLLE= 1 163457 U 5,49 0,e06
pTTNSD = V,14972¢0 L481847E= 1 108296E 0 %,26 =0,264
MATRLD 0,0391681 166693k~ 1 300804F= 1 2.35 0.8

VARIARLES NOY IN THg REGRESSIUN SET

VAR T STAT PART
NAME CORR
GEOMED ¥, 5K 0,1¢
DESCRD 1,70 0,13
WEIGHT 4,08 0,8V
PATTNS n,52 =0,04
CoRES 1,23 0,1v
CRESUV n,90 0,07
SCRAP n.,es 0.07
E,.5¢5, +£283ZpF 3
RESIDUAL ERRUR ,1970635E 4
MULT CORR 0,964V

INTERCEPT TERM 1.0244R8B0

MULTIPLF E &S
CORRELATION
0,672 LAGKBTeE
0,955 L245178E
0,936 JPLIRZSE
0,957 285949 E

MULTIPLE F g s
CORRELATION
0,940 225055
0,941 JP2L3A5E
0,945 JP0TERSE
0,940 L227947E
0,940 JP26245E
0,960 JP27200¢E
0,940 L227085E
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6.000

5.008

4,017
X1

3.025

(KG)
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N
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N 4+
+
N l.T_.++
*%LF &
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+
T T T
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(3) SNILSHD ¥3id 18C3

2,033
WE IGHT

GRAPH PLOTTING COST V WE TGHT
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1A 16700 18707175 JCL 1900 STATISTICAL ANALYSIS Xnew/22

REGHESSTON ANALYSIS
DFPENPENT VARIAGLE roOsST nFherES NF FAFEDPNM 145
INDEPFNDENT VARTARLES AT SIGNTFICANT | EVEL .00 %

HEIGHT PATTNS (CURF®

VArPIAR|ES IN Tufp ReGAraslon SkT
VAR REGRESSTON STAINARN COMFIOFNCE T STAT PpAKT MULTIPLE £ 5 5
NAME COFFF ERNNR THTERVAL CORK  CORRELATION
WFIGHT U,24BRE1Y LADYIAN2E= 2 1ABYLTE= 1 26,50 0,90 0,630 JAN17272F
PATTNG = U, 1072959 L3A0NTIE- 1 671214F= 1 28 =0.2% 0,937 L23ARYYF
CNRES ,293ARZA PBAD9SE~ 1 155452F 0 v/ 0,408 0,918 L242106F

VApTAALES HOT IM THE REGREgSION SET

VAR T STAT paRl MULTIRLE £ xS
NAME CORK  CORRELATINN
WETLYR 1,48 0,10 0,941 7213094
CHpLXD 2,38 0,18 0,943 2160581
GFOMEN 2,08 0,15 0,942 JPATR2TE
DESCaN 2,75 0,1¢ 0,948 L2167 ASE
PTTHSH 1,33 =010 0,967 L22DRTEN
MATRLD 2,18 0,171 0,943 LP1T106F
CRESIV N,52 0,08 0,941 LP28253¢
StrAp 0,8% =0,0& 0,941 JP288581
E.S.5, PR LY T |

RFSIDIAL FRRUR L6010 FE 9

MULT roRR 0,941

. INTERCEPT TFRN N U9 22A
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REGRESSIUN ANALYSIS

OFPENNENT VARTARLF SCRaP nEGnEES OF FREFDOM 167
INDEPENDEMNT VARIAPLES AT SIGWIFICANT (EVEL 20,00 %

WEISTH CMPLYXD GEUy h nESrED  pTTush  MATRLD cYUsSY

VAQlABLES IN THr REGRFSSINN SET -

VAR QERRESSINN STAURARN COMFIDENCE T STAT paARI MULTIPLE

NalE COEFF ERRNE IMTFRVAL EOHK  CORIFELATINN
WEIGTH U,5%154810 J1E5TALE 0 1AAT732F 0 L0 0.3V0 U,058
MATRLN = U,8225408 J204%03E 0 L ZARITEF 0 1,57 =0,1¢ u,246

VAQIABLES MOT IWN THF REGREggIUN SET

VAR T STAY PART MULTIPLEF
NAME COKHE  [LORRELATION
cHPLXN n,51 =u,.0& v,311
GFOMER N, e0 =, 0d 4309
DFSCRA n, 8 =0.us 0,31
PTTHSA n,B8 =g 0Ff v,M6
cosT n,vs nuf u, sy
WEGHT 275 0,21 U, A7
PATTUS -0, uf v, ,517
Cnaks =, 04 u,%11
CpeES n, 0 . 0u  y, 309

E.5.5, L3530k 5
RFSIDUAL ERRUR L5519 F 2

M, T ruRH n, 5oy

INTERCERT TFHNM N, 7444800

g

Uy

L RFERTS

X5ARAYE

|

TSROACF
LU L LN
RS 8155¢
IS1076F
1514670UF
CRA2P5E
IS1717F
TSAN0YE

RETATIH




REGRESSTON ANALYSIS

DFPENNRENT VARIABLF CCRaAPD nFARoEFS NF FARFEDON T6Ha
INPEPEWDENT VARTARLES AT SIGNTEICANT 1 EVFL S.,00 %

METSTD  Cc4PLXD GEUNFED  pEScad  pTTysh  MATRLP CUST

VAR ABLES IN THF PPGRESSION SFET
VAR RFEGRESSINN STAlNRARN LOYFIDFNCE I STAT pPARI MULTIPRLF F s §
NAME COFEFF ERRNOR IYTFRVAL CORK COHRELATION
WETIBTH 0, 48297466 L124L594F i LEWSS4L9F 1] .87 o, ev 0,00ne LIONng 2l

VAETABLES NOT IN THE RpGRESSIOD] SET

VAR T STAT PAKI HULTIPLE F g 8
MAME CNARH  CORRELATJION
cHpLXn nN,%2 =v,ud 0,247 LISREASE
GENMEN n,29 =0,0¢ 0,287 LASARTNYE
DESCRN NS0 =0, 06e 0, ,2HP BLLELS N
PTTNSN N,90 =p,uf V,294 + 1571 ¢8F
MATHLN 1. 5T =0.1£& O ¥ LISE6LSF
CnsT n, Tk 0, us 0,291 « Y37 TRk
WEI1GHY 2,79 03&1 47351 LS4 2H0F
PATTUS NP7 =0, 0F 0,2V LISABAYE
CnpES N,50 =0,0h 0,289 L USATLSE
CRESUY n,2¢ D,0¢ 0,287 JASHTOVF
E.5¢5; JASHBKROF 5

RFSID AL ERRUR Ji40189F 2
MULT r~0RH 0,280

INTERFEPT TFHH B,095%0726







THE USE OF MOP FOR STATISTICAL ANALYSIS

This is not i1ntended as a users guide to the MOP terminals
as there are many publications which are satisfactory for
the purpose (31, 32 ). However, it may help the reader

to know the way in which the statistics and graph plotting

packages may be used with MOP terminals.

There is considerable time to be saved by using MOP, it
is possible to get many outputs per day compared with

perhaps two, using cards.

At the time of writing anybody who has a user number at the Aston
University Computer Centre is free to use MOP and direct access to
core is available from 800 and 2000 hours for jobs under 40K provided
they are already compiled. (Both the packages are in

binary form). Jobs over 40K may be nut 3N LINE and

will usually be run during the night.

For both packages a file must be generated in which every line
on a listing of the file is exactly as would be punched on
cards if the job was submitted on cards. The only exceptions

to this is there will not be a line equivalent to the job card.



[t is suggested that all data required in the analyses be punched
on cards as described in Statistics Package Handbook. t may also be

adviseable to punch the instruction cards for the package.

Within 15 minutes of submission of the cards the file should
be stored on disk and MOP may now be used to run the programme.
If core on MOP is being used the steps for the ICL statistics

package log in and:

(i) MZ 25000 (This assigns the computer's core,
25000 should be large enough for most jobs).
(i1) UASTATSXDS3 DATA filename.

The job will now run and if there is a mistake in the file
one of the standard error messages will be typed on the
terminal. The operator may edit the file and try again i.e.

repeat (i) and (ii).

When using MOP for the "Multiple Regression Presentation Programme"

the graphs will usually be plotted during the night.
Like the statistical package, the file must first be established.

This program takes longer and requires more core than the

statistics package, the instructions after logging in will be:



(1)  MZ 32000
(i1) UAAP UA13 DATA filename, TIME 200,*GP

During the running of this programme a file will be created
in the users director called UAGRAPHPLOT (abcd) where abcd
is the generation number. This file may be erased once the
graph has been plotted. Furthermore, a second copy of this
graph may be plotted by submitting one card punched with the
users number starting in column 13, and UAGRAPHPLOT (abcd)
starting in column 25. The word "REPLOT" should also be

written on the card.






PROPOSALS FOR FURTHER DEVELOPMENT OF THE CLASSIFICATION SCHEME

The classification scheme has now been developed to the point
where one can foresee 1n the near future a useable system for
cost estimating jobs and providing a data base which will allow
effective decision making regarding the type of work which

will best satisfy Johnson Radley's needs, i.e. it will provide
a marketing tool.

To finalise the scheme the following still need to be done:-
(i) The necessary data needs to be collected.

(ii) A system for collecting new data on a regular basis needs
to be instituted.

(iii) For a fully effective system the information should be
put on computer so that periodic changes can be automatically
processed. !

The opinion of those who have worked on the development of this
system is that it has great potential, not only in the relatively
small area for which it was developed, but as a total system
throucghout the foundruy.

Having learnt something of Johnson Radley's problems on the general
engineering side during my visits to the company, I am of the opinion
that the classification scheme could do a great deal in finding
solutions.

In particular, with further development work the classification
could be used effectively for the following:-

(1) To clocse the 'gap' between Production and Sales, because
a classification scheme gives a basis for decisions; it
will allow Production to define the more preferable tupe
of jobs and the job mix. It will allow Sales to define the
type of jobs it needs and can get. The result will be
a more satisfactory job mix as far as the whole company
15 concerned.

(ii) Classification as a producticn scheduling tool appears to be
a simple, empirical way of cptimising the many variables
that go into the production of castings, for example, the
core shop, the moulding machines, the core setting, pouring
and the biggest bottle-neck of all, fettling.

The growing confidence that the people working on this project

have gained leads me to the conclusion that with proper support
from the top management of the companu further development will reap
stantial benefits throughout the company. It is important, however,
act guickly to optimise on the present enthusiasm as it will
undoubtedly wane with time.

T. D. NEWMAN
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