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SUMMARY

This thesis deals with the problems associated with the planning
and control of production, with partiéular reference to a small
aluminium die casting company. The main problem areas were

identified as:

(a) A need to be able to forecast the customers demands

upon the company's facilities.

(b) A need to produce a manufacturing programme in
which the output of the foundry (or die casting section)
was balanced with the available capacity in the

machine shop.

(c) The need to ensure that the resultant system enabled
the company's operating budget to have a reasonable

chance of being achieved.

At the commencement of the research work the major customers
were members of the automobile industry and had their own
system of forecasting, from which they issued manufacturing
schedules to their component suppliers. The errors in the
forecast were analysed and the distributions noted. Using these
distributions the customer's forecast was capable of being
modified to enable his final demand to be met with a known degree

of confidence.

Before a manufacturing programme could be developed the
actual manufacturing system had to be reviewed and it was
found that as with many small companies there was a remarkable

lack of formal control and written data.




Relevant data with regards to the component and the manufacturing
process had therefore to be collected and analysed. The foundry
process was fixed but the secondary machining operations were
analysed by a ’Eechnique similar to Component Flow Analysis and

as a result the machines were arranged in a series of flow lines.

A system of manual production control was proposed and for
comparison, a local computer bureau was approached and a
system proposed incorporating the production of additional

management information.

These systems are compared and the relative merits discussed

and a proposal made for implementation.
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CHAPTER 1

INTRODUCTION

1. 1. MAINLY HISTORICAL

In very early days man worked to provide for his own individual
needs which in those days were mainly food and clothing for his own

family.

As the individuals started to collect themselves into groups for

their own protection, within the group a leader started to emerge
and eventually the feudal system developed where the 'Lord of the
Manor' detailed the tasks to be done by the serfs of the groups or
village and in return for their labours they received goods, and in
addition each had his own plot of land on Which to grow additional

food for his own immediate family.

Within the group some individuals tended to develop their own
individual skills e. g. the smithy or miller, who in return for the
exercise of their skills were also paid in goods which they in turn

had to use in exchange for food and other essential items.

As groups travelled between groups so trade developed between
them and from this inter-group trade a monetary system of payment

for goods or services received was developed (1).

With the development of a monetary system of payment it was now

possible for a person, highly skilled in some aspect, to gather




around him a group of similarly skilled people and to manufacture
products for sale. If the group were working as partners, then
the profits from the sale might possibly be divided equally, but
in all probability the leader of the group would occupy the position
of employer and would distribute the money received from the sale

to the other individuals in the form of wages.

With the development of methods of transport, markets became
more plentiful and to cope with the increase in demand the size of
the work groups had to increase and in order to supervise this
larger work group,the leader had to cease working himself and
take on a purely administrative role. This, together with the
development of machines for performing mechanical tasks e. g.
Hargreaves Spinning Jenny and Kay's Flying Shuttle in the

textile industry and early machine tools or processes developed by
Wilkinson and Maudsley, plus new forms of motive power in the
form of the steam engine,. saw the commencement of the factory

system of manufacture.

As the factory system developed, so did the relationship of Master
and Servant, the former being the employer and the latter the
Machine Operator. The master gave his instructions and depended
upon his own personal supervision or that of his appointed overseers
to ensure that they were carried out. The task of supervision was
also made easier because the operators were now solely dependent
upon receiving a monetary wage with which to purchase the

necessities of life and were therefore motivated by self-preservation

’




into seeing that the masters instructions were carried out.

The only formal control required to be undertaken by the master was
simple book-keeping to keep a record of his financial transactions.
The most suc;:essful recorded attempt at comparing achieved
performance with planned performance was a costing system devised
by Boulton & Watt (both sons of the respective early Engineers) the
main use of which was to assist the .management to detect waste and
inefficiency. It has been said of them 'neither Taylor, Ford nor other
modern experts devised anything in the way of a plan that cannot be

discovered at Soho before 1805 ............. ' (2).

The development of the products and manufacturing processes had been
undertaken by Engineers and it was appropriate that Engineers started
to look at the organisation for production, and to this end much

support was given by the American Society of Mechanical Engineers.
Through papers read at Society meetings, Engineers were encouraged
to pay more attention to the financial and paperwork aspects of
manufacture. With regard to Production Control, a paper entitled

'A Shop Order System of Accounts' was presented by H. C. Metcalfe (3)
whilst Gantt was emphasising the importance of leadership and the

need to pay more attention to the human aspects of industry.

1.2. THE DEVELOPMENT OF THE MANAGEMENT SYSTENM

The control of the manufacturing companies remained within the
single family unit until the demand for the product increased resulting

in the company having to expand to meet this increased demand or face




the alternative of being squeezed out of existence by competitors that
did expand. To maintain a constant vigil on daily events, formulate
managerial decisions and initiate action began to prove an impossible
task for the individual to perform (4) and therefore one saw the
development of_the organisation structures in which subordinates
were given the responsibility for decision making and in most cases
the authority although some individual owners were reluctant to grant.

the latter (5).

As the size of the company increased the individual owner gave way
to the Board of Directors with the result that the people who made
the decisions within the organisation were remote from the factory
floor where their decisions were finally acted upon and where

activities took place which influenced their future decisions.

To make effective decisions the Senior Manager required a speedy

flow of data from the Production unit and the first half of the present

century saw the development of manual systems of data and information

flow with mechanical accounting machines to assist with the
arithmetical calculations. In the field of Production Control, Gantt (6)
introduced his charting techniques for giving a visual display of a plan

on which could be shown the achievement against the plan.

The systems devised were manual in operation and as such suffered
from the natural time lag that occurs in such a system and

consequently decisions were often made on historical data, the




decision itself being outdated by the time it was finally converted

into some activity in a section of the system.

The late forties and early fifties saw the development, as a
commercial proposition, of the electronic computer which enabled
the analysis of data to be undertaken fairly rapidly, thus rgducing

the time lag between an activity and a decision. This was even
further reduced with the introduction of data collection systems which
enabled data to be fed from the point at which the activity took place

straight into the computeér input device (7).

Given that the Senior Executives were remote from the production
activity, then if they were to perform their function to the
satisfaction of the shareholders i. e. the group to whom the

Board of Directors were accountable, they had to receivé and analyse
data and make decisions upon this datz'a within the shortest possible
time period whilst at the same time ensuring that the methods they
adopted to achieve this time were consistent with the objective of

any company which is to obtain for its shareholders a satisfactory

rate of return on their investment.

This thesis is concerned with the procedure leading up to the
choice of system which is applicable to an individual company and whilst
the final decision will be unique to an individual company, the method

of procedure is applicable to other companies.




CHAPTER 2

For a person to perform a managerial role effectively (a
managerial role being defined as one for which the occupant has
responsibility for the work of others, and in performing the tasks
associated with this role may be required to make decisions
affecting the work of these subordinates), that person must

receive a flow of information either verbally or in written form.

There are two basic types of information necessary to the

occupant of a managerial role:

(a) A statement of past events or inputs to a system,

the purpose of which is to inform.

(b) A collection of facts relating to a particular
topic upon which a decision is made which will

influence future events.

To differentiate between these, McRae (8) refers to type (a)

as 'data' and type (b) as 'information'. Whether one can say that
all data is used purely to inform is open to discussion. If it is so
then the need to produce the data in the first place should be
queried but in fact one often finds that data is acted upon and a
decision made if the numerical value of the data falls outside

set limits. The data has then become information if we accept




McRae's definitions. What we are in effect saying is that information

can be type (a) or (b)whidch one being dependent upon the role of

the person viewing the information.

Eilon (9) looks upon information as a product, considering that the
terms'data generating' and 'data processing' can be likened to
work being done upon a physical product. He further highlights
the similarity by likening grades of information to perishable,

semi-perishable and non-perishable goods.

The value of a news item or a piece of market intelligence is a
perishable item - with the passage of time (usually a relatively

short interval) the value of the item depreciates rapidly.

Historical data relating to a company's sales figures or
manufacturing performance have a value and are maintained on file
somewhere in the organisation. The weight which is placed on this
data decreases with the passage of time and so can be classed as

semi-perishable information.

Non-perishable information is rarely found in a dynamic business
organisation except for recording the historical development of the
organisation or technical data giving the physical properties or

composition of raw material.

Keller (10) defines information as 'data which has been measured.

or appraised as good or bad and by how much, relative to a standard




believed compatible with the objectives and goals' of a business

b
enterprise. Data he considers as the raw material input from

which information is produced - this conforms to McRae's
definitions of (.iata and information and from these we can assume
that it is possible to collect data without necessarily requiring to
produce information, but one cannot have information without

first having acquired and analysed data.

If an organisation is to be run effectively and profitably then one
must have information on which to base decisions. To be effective
the decision must be made quickly as a decision would only have to
be made on a 'live' project and in any such situation the information

on which the decision is made is of a perishable nature.

Between an event happening which is recorded as data and the
subsequent collection and analysis of this into information, there is
a time lag which can be likened to the lead time required for the

manufacture of a product.

For a product a simplification of design or manufacturing system
will reduce the lead time as will the use of sophisticated manufacturing

techniques for complex products.

When the product is information, removal of surplus information
generated will simplify data capture and processing, resulting in

reduced overall processing time or by use of more sophisticated

methods of data collection, analysis and display procedures for

-8 -




information, this time can still be reduced for the complex

organisation.

2.1 METHODS OF PROCESSING DATA

There are three basic methods that can be used to collect and

analyse data:

(a) Manually where clerks collect and record data and
use simple mathematipal techniques to prepare the

information.

(b) Manual collection and recording of the majority of
the data but using data processing equipment as an
aid to the analysis of this data and the preparation

of the subsequent information.

(c) A computerised system capable of data collection and
analysis, followed by the presentation of the resulting

information.

Due to the physical limitations of the human resources used in
method (a), the lead time required to produce information will be
long unless the investment in these human resources is high, but

this may result in a low return from the investment.

Method (c) has the potential to give a very short lead time but
requires a fairly high investment in both hardware and the human

resources necessary to service this hardware. The resultant

-9 -




short lead time may however give a good return from the investment. -

2.2 THE RETURN FROM INVESTMENT IN A DATA SYSTEM

The re‘;urn frgm an investment can be simply stated as 'the savings
resulting to the company through the investment' and the rate of
return as 'the resultant savings divided by the total investment'.

The amount invested in a system for producing information is

usually easily quantifiable but the savings are much more difficult

to quantify before a system is installed and often one finds that a
procedure is installed because another, possibly similar organisation,
obtained a certain percentage reduction in such things as stock levels,
work in progress or throughput time. An effective method of
quantifying expected savings at the system proposal stage has nof yet
béen developed and it is the absence of this that leads to questions and'
doubts being raised by management as to the feasibility of applying

modern data processing methods and systems to their organisations. (11)

To be able to quantify savings it must be possible to analyse an
existing situation and fix values to key pérformance figures.
Unfortunately when management seek these figures the motivation is
often their inability to control their existing system due to the lack

of facilities to enable these performance figures to be obtained. Their
manufacturing system is a series of individual 'water-tight'
compartments with no formal procedure for interchange of data and
information and the initial task is therefore to create a controllable

system from these individual cells. To do this one has often to

- 10 -




increase immediately indirect costs with no immediate return
visible. A willingness to do this does however reflect a company's"

determination to overcome its difficulties,

More effective management control is obtained if the occupant of
the role is presented with live information on which to base his
~ decision which in itself must then be rapidly transmitted to the

person responsible for initiating action. (12).

The action taken must then be monitc';red, data being collected and
analysed to give information on the effectiveness of the original
decision and corrective action taken if required - this in effect
gives a closed loop circuit or system. A change in the input to the
system or the construction of any part of the system will affect the

performance of the system when considered as a whole.

2.3 THE APPLICATION TO THE CURRENT RESEARCH

Initially the research covered by this thesis was intended to consider
the cost and benefits to be derived from the production control function.
Production control analyses data obtained from the company order
book or forecasted order book and issues information (in the form

of instructions) to the manufacturing unit(s) and monitors

performance by means of despatch or progress clerks.

The extent of the monitoring required is a function of the design

of the manufacturing system and therefore to be an effective system
both the control and manufacturing functions must be fully integrated

- 11 -




The control function minimising the amount of data required but

ensuring the maximum effectiveness of results from the information

or instructions issued by them; the manufacturing function being
designed to give optimum throughput time with minimum of control
required. Both of these functions must meet the criterian of

expected rate of return on investment in the system as a whole.

The initial research programme had therefore to be modified
to enable this concept to be developed and to do so co-operation
of an industrial organisation was required - the author being
fortunate to obtain facilities with an aluminium die casting

company.
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CHAPTER 3

THE SPONSORING COMPANY- AND ITS PRODUCT

The sponsoring company was Sage Aluminium Products Limited,

an aluminium die casting company near Wolverhampton.

At the commencement of the research work it was a member of
the General and Engineering Industries Group of Companies and
as such was a unique company within the Group, providing no

service, nor receiving any from any other member.

It buys in its raw material, aluminium, in 'liquid' form and
converts this by means of conventional die casting machines into
products for its customers. Some components require no further
major work after the casting process, others are passed through
a number of machining and finishing processes prior to despatch

to the customer.

There are two grades of aluminium used by the company LM24

and LM6 - the proportion (by product) being approximately

LM24 = 95%
LM6 = 5%

For each product there is a unique tool and therefore from a
casting viewpoint there is very little difficulty encountered by
these differing specifications. Scrap material however can only
be classified as LM24 the least pure material and also when
preparing the manufacturing programme, the economics of
ordering small quantities of LM6 must be taken into account.
Also the machine and metal pot must be cleaned to remove any

surplus inferior metal.




The major customer of the company is the motor car manufactufing' :

industry and within this, the Ford Motor Company Limited is the
major user of the available capacity. In common with the other
customers, Ford place a bulk order for a component with the
company (at an agreed price) and each month give to them a -

delivery schedule for six periods.

i. The quantity stated for the first period is a firm

delivery requirement within the time period.

ii. '~ The quantity stated for the second period is an
authorisation to manufacture that number of
components in anticipation of requirements and as
such is a firm commitment on behalf of the

customers.

iii. The quantity stated for the third period is an
A authorisation to purchase material for that number
of components and as such is a firm commitment

on behalf of the customers.

iv. The quantities stated for the fourth, fifth and
sixth periods are forecasts of demand and are for
planning purposes only and as such there is no
firm commitment on the part of customer to accept

any number of components.

Possible future obsolescence of a component is indicated by the
customer on the monthly schedule as soon as this becomes

apparent.

Because of its reliance upon this one major industry the
financial performance of Sage Aluminium is quickly affected

by any adverse condition within this industry and the company

is therefore seeking to attract new customers.

- 14 -




In October, 1973, Gale Securities, a Financial Holding Company
bought control of the company. It remained an individual and |
unique company within this new Group and in order to make the
company more financially viable new markets were sought for

its expertise and capacity. Additional markets were found that
demanded on the average larger die castings than previously and
also requiring less subsequent machining, only the removal of

the process flash.

Unfortunately it is a highly competitive market not only from a
cost aspect but also delivery performance and therefore if the
company is to be successful in continuing to attract new customers
and products, it must be able to offer a performance at least

equal to, if not better than its competitors.

It is fair to say that at present a manufacturing programme is
formulated for the foundry but not for the machine shop. As

the foundry system is not a closed loop the results obtained leave
mﬁch to be desired. In the machine shop the 'programme' is
decided upon by the Production Control Executive by reference

to his order book, but it is also influenced by the 'pressure'’
exerted by the customer in demanding clearance of arrears which
results in changes to the 'programme' at very short notice.
Information regarding the programmes is passed to both

Department Heads by means of a handwritten note.

Delivery of the finished products to the customer is done by
Sage Aluminium transport. Deliveries are made daily to the
major customers but because of the lack of a controlled
manufacturing system the lorries are often sent with only a

'part load', thus making delivery uneconomical.

No attempt has been made to produce a procedure for operating the




complete system and it is the lack of a programme for the Syst'em*’

that has led to an apparently uncontrollable situation.




CHAPTER 4

THE: COST OF PROCESSING DATA-

A manufacturing system can be likened to any task in as much as

there are three separate phases:‘

(a) Get Ready.
(b) Do the task.
(c) Clear Away.

In a manufacturing system these three activities need not necessarily
be done by the same individual or department and therefore in addition
to the above three phases a monitoring procedure must be instituted

if the actual 'doing' operation is to give the results anticipated or
corrective action to be taken to ensure this is the case. This is o

illustrated in a diagrammatic form in Fig. 4-1

As discussed previously in Chapter 2.2, to control a system
requires the feed back to generate data and/or information for
decision making or to inform. The complexity of this procedure
depends to a large extent upon the size of the company and the size

and complexity of its production.

There are two main classes of expense in any manufacturing

organisation:

(a) There are those resulting from some manipulation 4
of the raw material and these expenses can be said

to add value to a job.

T
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only cost.

Because they add cost and often generate paperwork, management
often attempts to operate with the minimum of these 'cost additions'

only activities.

The monitoring procedure essential for a closed loop manufacturihg
system is often classified as one of these and so management are

reluctant to pursue it .too vigorously.

It is generally acknowledged when considering capital investment
that time has a value (13) and that the timing of cash flows may

play a major part in the profitability or otherwise of a project.

This is similar to the flow of data and information - the time span
required between the action and receipt of the data can seriously
affect the profitability of a project. Material delayed on the shop
floor awaiting a decision or further operation is in effect 'cash'
left on t.he floor and thus a cash outflow takes place due to interest

charges and loss of profit due to these.

An effective monitoring and control procedure therefore instead of
adding cost by assisting to improve throughput time will reduce

cost and increase the value of the contribution the product makes




to the company's financial performance.

4.1 ASPECTS IN THE DEVELOPMENT OF DATA PROCESSING

.................................

SYSTEMS

Systems for manual control and monitoring a production programme
have been well documented by Moore (14) and Burbidge (15).

The manual system depends for its effeétiveness on the enthusiasm
and ability of the personnel operating the system. In a small company
because of the closer personal contact between management and
operatives the reporting of progress is often done by a mixture

of both verbal and written data and therefore the result can be a

fairly efficient manufacturing system provided management is

satisfied with a limited number of performance analyses.

As the size of the company increases the degree of personal

contact decreases and therefore to obtain the same degree of

control more written information has to be given to management

and as a result the size of the indirect labour force increases .

and consequently the overheads. An additional requirement is

some form of visual display of the proposed manufacturing

programme and this could take the form of a Gantt chart or

provided one is satisfied with control by a system of exception Knight ‘

(16) gives a review of a good practical and easy to operate system-

With the development of electronic data processing equipment it
became possible to analyse data much more quickly and by use of
collators, reproducers and card sorting machines, customers orders

could be more quickly analysed, the required job cafd_s produced and

- 20 -




after completion of the work, progress repofts more quickly
produced. The cost of the equipment was often prohibitive for tﬁe :
smaller company and so it was left to the larger concerns to de\‘re‘lépl
systems associated with EDP. Because of the complex;ity of the
production function the earlier applicatioﬁs often tended to be
restricted to stock control applications and parts explosion from

which were produced the required job cards.

As the electronic computer was developed the ability for management
to produce control systems where the programme development was
quite rapid and the monitoring procedure and analysis done quickly
became apparent and computer systems were developed and reported by
Cox (17) and the major computer companies i. e. I, B, M.,

I. C. L. and Honeywell each developed their own packages for doing
certain functions but again the earlier packages dealt with stock
control, sales analysis, payroll and such functions. The production
control function was often left because of its complexity. Whilst nd
proof can be given for the statemenf, possibly the reason for this -: ‘f: '
apparent reluctance to deal with production control may have been

the obsession of the mathematicians with finding a procedure to

give an optimum manufacturing schedule and it was only with the
introduction of the use of priority rules GERE (18) to establish

a workable schedule that cbmputer manufactufers started to

develop production control packages.

With this facility for fast analysis an obvious development was a




system for fast data retrieval and thus systems were developed in

which the time lag between an event happening and any action required

being taken is considerably reduced, such systems have been reported
“in (7) (19) (20).
- These developments still favoured the larger companies and so in
1966/67 the government commissioned the new developing computer
bureaus to undertake feasibility studies of the practicability of
producing modular package systems, a number of which could be
linked together by means of a special program and thus make possible
the use of computers to the smaller company as fhe development
costs of the programs could be spread over a number of individual

concerns.

The time lag for a company using a computer bureau is still greater
than a company having its own computing facilities but if one takes
into account the much lower amount of capital tied up in the system

then the return on the investment might be equally attractive.

In the case of the present research, the size of the sponsoring

company was such as to restrict the choice to one between -

(a) A fully manual system
or
(b) A system making use of a computer bureau.
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The costs associated with systems of control are believed to
follow the pattern illustrated in Figure4-2and it will be seen
that the horizontal independant axis includes a measure of the
production system complexity in the form of the number of
operations per job, This again coﬂfirms thé view that the more
simple one can make the manufacturing system the easier it is

to control.

Fdward{21) has acknowledged that it is wrong to accept a
system and formulate a procedure to control it - one should
first question the system and having modified it (if found necessary)

then to formulate a procedure to control this improved system.

4, 2. EVALUATING THE EFFICIENCY OF THE SYSTEM

There are two main approaches used in evaluating a system:

(a) ‘ The cost-effectiveness method.
(b) The cost-benefit analysis m ethd.
(a) Cost-Effectiveness - Assumes thé outputs from the systems

to be compared to be of the same magnitude in terms of quantity and
quality. The cost of producing this output is then determined for
each system and the one that produces the lowest 'input to output“
ratio or lowest cost is said to be the most effective system and is

the one selected.




(b) Cost-Benefit Ahélysié - recognises that the inputs and outputsj

from systems may both vary or just the output vary in the terms

of quantity and quality. The systems proposed are costed as before

but for the system with a higher cost ratio the question is posed 'Is
. :

the higher cost justified by the improved value of its* output'? If

it is then the system is worth considering for adoption.

In both these methods, costs are réviewed and one must be
careful only to consider relevant costs. If a cost will be eliminated
or changed dependent upon the decision made then it is said to be

a relevant cost and must be considered.

If the cost will not be effected by the decision then it is not relevant

and should not be considered.

Of the two methods for evaluating a system, the first is by far the
most simple to apply. The second requires the assessment of the
added value of the output and this sometimes is dependent upon

opinion and is therefore not readily quantifiable.

For the smaller company the first method is usually adopted .
because of its simplicity whilst the large organisation would tend
to consider the Cost-Benefit approach as a small percentage

increase on a large turnover is worth pursuing.

-
-
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CHAPTER &

THE INTEGRATED MANAGEMENT CONTROL: SYSTEM

Starr (22) defines a system as 'a group of activities, functions

or components having managerial purposes that can be bounded. ' * R

The rule for bounding he gives as 'all relevant interdependencies
interactions and relationships must be enclosed within the

boundaries of the system. '

Boyce (23) considers that to be an effective management control |
system requires 'the combining of policies, procedures and

information processing, to give direction to the activities of the

enterprise. '

(a) By clearly establishing goals.

(b) By measuring progress towards these goals.

(c) By indicating or initiating corrective action.

(d) By displaying the potential for further improvement.

With the growth in size of the individual company compelling the
owner to delegate his responsibilities to subordinate departmental
heads, he did this initially by organising them on a strictly
functional basis. This often led to a series of 'water tight'
compartments being created within the organisation with little

or no formal contact between them. See Fig.5-1 Boyce describes

the resulting structure as a management pyramid each face of
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which represents a different facet of the organisation, the face

representing the production unit possibly being as shown in Fig. 1‘572

Works,
Director
Works
Manager
Shop Shop
Superint‘endent Superintendent
1 \ \ \
Foreman Foreman Foreman Foreman

\ l N
O,x\xr“‘\ 1

FomcoTi orn PBRCAWKDOWN,

Fig. 5-2

Provided each level of command has the full authority required for
the occupant of the role to carry out his task this is a simple form
of organisational structure. It encounters trouble when the
occupant does not have full authority to apt independently in making
his decisions. For example, to meet a I;articular production
schedule the Works Manager may decide that he can only do this

by using method 'A' and working 'X' hours overtime.. But the
Methods Department may stipulate ;method 'B' must be used and
the Personnel Department require a limit on overtime hours to

avoid unrest in other departments.




To overcome the problem could require the action of the Director e

at the apex of the ’pyramid which can distract him from his
function of policy making and also result in the overloading of the

channels of communication.

The purely functional type of organisation is often referred to as
a centralised system and to overcome part of the problem outlined
above a decentralised system is often adopted. Under this form
of system a specialist from a function may be attached to tﬁe
Manager of another function from whom he receives instructions
on ‘what to do but how to do the task is given in instructions from

his own function head.

The above form of organisational structure is usually found to
operate within a group of companies where the group head office

is located away from all the member companies. The various
functional heads are located at this office and from here formulate
and dictate policy. Each functional} head is 'responsible for the
techniques to be used by his subordinates at the various member
companies and for the efficient perform;:mce of these tasks. he

is accountable to the Main Board of Directors. Vertical contact

therefore takes place between him and his subordinates.

At individual company level, the immediate subordinate may be
considered to be at the same management level as other immediate

subordinates of other functional heads and together they form an

- 29 -




integ.rated management control team. Each is accountable to his.
own functional head as to how he performs his task but receives
instructions on what to do from the person to whom the Main

Board has given the responsibility and authority to decide how its
given targets are to be achieved. Horizontal contagt between
various functions therefore takes place between the members of‘the
management team with respect to what to do and reporting on

achievements against the programme.

Figh-3gives the organisational structure in diagrammatic form.

The decentralised structure therefore recognises that to be an
effective system information must not only pass in the vertical
line but must also pass horizontally between functions or to different

levels of command in other functions.

For most manufacturing companies the functions that go to make
up the managerial pyramid include:

Sales

Market Research

Product Design

Production Units

Production Units Service Departments

Finance

General Administration

Despatch and Distribution

Inventory Control
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5.1 THE APPLICATION TO THE SPONSORING COMPANY

The sponsoring company did not produce components to ‘its own
design but acc‘epted the customers design. The only design that
was done was tool design for the die presses and subsequent
machining operations (N. B. In certain ir;stances the customer

provided the tooling and therefore no design was requiréd).

Because of this type of manufacture the company's managerial
pyramid consisted of the following functions:

Sales

Production Units

Production Units Service Departments

Finance/General Administration

The inter-relationships were therefore kept to a minimum but
because of this (and also the size of the company) there was the
tendancy to remain organised on a strictly functional basis with
a consequential restriction in the amount of cross flow of
information which is an essential part of the integrated

management system.

5.2 STAGES IN THE APPLICATION OF A CONTROL SYSTEM

For the system to be controllable the following stages are
essential:

1. The customers demand must be known (either actual

or forecasted).




e

originated that will meet the demand.

3. Instructions must be issued to the manufacturing

departments to initiate and maintain the programme.

4. The performance of the manufacturing units must be

monitored and corrective action taken as required.

5. The actual deliveries to the customer must be

compared with demand.
6. The performance of the system as a whole must
be checked to ensure that the criteria that affect

the company's profitability are controlled.

5.3 ANALYSIS OF THE INPUT

Given a sales order giving details of the customers forecasted

or actual requirements or in the case of a company producing for
stock the demand which, taking into account buffer stock, the
Sales Department consider will meet the requirements for a given
level of service, then the first requirement of Production Control{
is to prepare a 'parts explosion' giving details of the components

required to meet the demand and the associated man/machine hours

and material requirements.

This demand must be analysed and a programme . . .
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Corke (24) has outlined the procedure when done manually and all
computer bureau packages dealing with ther stock or production

control will include this facility.

The demand must now be analysed and a practical manufacturing
schedule produced which makes optimum or near optimum use
of the company's three main resources i. e. men, machines and
materials. In preparing the schedules the person or persons
responsible must always bear in mind that the objective of any
commercial organisation is to make a profit whilst at the same

time ensuring an adequate rate of return on investment.

The rate of return on investment

_ nett profit

investment

Sales - (cost of sales + administration expenses + taxes)

working capital + fixed assets.

If the organisation wishes tomaintain a given rate of return on
investment then any action which causes a change to the value of
any factor which goes to make up the denominator or the
numerator in the above equation must be balanced by a change to

a factor in the numerator or denominator as the case may be.

Machines and materials are often tightly controlled in a
manufacturing system in an attempt to maintain a constant return

but the human element, which can often cause the greatest variation,
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is not controlled to the same extent when preparing a manufacturing

programme.

To assist the Programmer to prepare manufacturing schedules,
various mathematical techniques have been developed and these
have been reviewed by Conway et al (26). The major disadvantages
of the mathematical approach is in the restrictions that apply i. é.
that the technological sequence cannot be changed, that a batch

of components must be cleared from one operation before the
following operation can commence. To overcome these objections
a procedure of scheduling using 'priority rules' has been developed
and these are reviewed by Buffa (27) in which he reviews work

of researchers into the effectiveness of different priority rules.

Most computer packages for scheduling use one of these priority
rules for scheduling and in certain programs the choice is variable

to suit the individual company.

The procedure for preparing the schedule is given in diagrammatic

form in Fig. 5. %

5.4 DOCUMENTATION AND ANALYSIS OF OUTPUT

Only in the very small company, where control is exercised closely
by the owner, can instructions regarding manufacture be issued

verbally and the performance monitored by visual observation and
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by analysis of the cash book.

In the larger company (above 25 employees) some formal

documentation'must be used:

(a) To instruct the operator on what to do.

(b) To record the time taken by the operator for payment
purposes.

(c) To record issues and receipts into stores.

(d) To record despatches to customer.

Documentation does add cost to the job and not value (Chapter 4)
and this is possibly the reason why one often finds that companies
will use their forms or cards to pass data or information to
operators or departments but they will not, at the end of the job,
analyse the final data to compare performance with programme.
Thus any inaccuracy in the procedure is perpetuated with each

new job.

Fig. 5-5 details some of the documentation required and shows
how the analysis of data on these documents is used by management
whilst Fig.4-1 shows the closed lodp concept of management

control.

Of the above six stages, the demand was given to the company by
means of a monthly schedule; stages 2 to 5 inclusive were the

responsibility of the Production Control executive; stage 6 was left




to a number of individual departmental heads to issue statistics
but how they affected the company's performance was not analysed. |
The control loop was therefore incomplete and it must be admitted

. that the resultant management decisions were not effective.

The demand level given to the company by the customers was
liable to alteration and therefore the first requirement in
producing a contrpllable system was a procedure to predict the
error in the customers forecast of demand and knowing this to then

establish the manufacturing capacity required to meet this demand.

Only when this was known could an effective manufacturing

system be recommended and controls applied_fpp the complete sy’fstem’~ ’
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CHAPTER 6

FORECASTS OF DEMAND

Dependent upon the use to be made of a forecast so does the
accurracy required of the forecast vary Magee (28). Management
require forecasts covering three basic time spans if it is to

carry out its role effectively.

(a) A short term forecast of requirements up to one
q P
year ahead - this enables a realistic manufacturing

policy to be formulated.

(b) A medium term forecast for the period 1 - 3
years ahead - this enables short term capital

programmes to be formulated.

(c) A long term forecast for periods 3- 8/10 years
ahead - this enables long terin company and

capital projects to be appraised.

6.1 FORECASTING APPLIED TO THE BESEARCH PROJECT
i

For the work being undertaken it was the short term forecast that |
was applicable but the company was fortunate in that it was given
the forecasts of future demand by if'ts cusitomers by means of

their monthly schedules and therefore Sage Aluminium's problem

i
was to try and predict the error in the customers forecasts. .

The actual fnarket research and analysis was done by the
customer and no knowledge of the mathefnatical model used

(if any) existed only the end results. Relationships with the
major customer were good and any anticipated error was quickly
passed verbally to Sage Aluminium. Cl(])se 1iaisor1. by Fords also

took place when mid-way through the exercise they changed their
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forecasting procedure. Again however, only the end result was

known.

Another factor which had to be taken into account when looking at
the errors in the forecast was the affect of past performance on
previous delivery schedules, the cause of which was within the

control of Sage Aluminium.

When arrears occurred these were shown as immediate
requirements and therefore did not affect the forward schedule,
but if 'over delivery' had occurred, then the forward schedules

were reduced to take account of this.

A major factor causing variation in final demand was the
susceptibility of the major motor car industries to industrial

disputes which had the effect of immediately placing a hold on

the delivery schedules. Sage Aluminium as manufacturers, were o

given the alternative of continuing to manufacture but holding
stock for future issue, hoping that a later increased demand would
take this surplus, or else holding productionpending the
settlement of the dispute. Whichever case was adopted they

incurred a financial loss. o
(a) In the first case by holding costs.
(b) By loss of contribution of the operators working hour.

To overcome this loss which could occur due to circumstances
beyond their control, the company started to diversify into

other industries. Although it is too earlfsr to form any firm
conclusion regarding the demand pattern:; it does appear that the
monthly fluctuation is greatly reduced and therefore in this

work products other than for the motor car industry have been



assumed to be the constant monthly demand as given by the yearly

budget.

To observe the error in the forecasts the final monthly demand
for a product was compared with the forecast for that month in
the previous two months. The distribution of the error was then

plotted for the two months, the errors being -

i. 1 month previously, mean . 9669
Standard deviation . 238

ii. 2 months previously, mean 1. 018
Standard deviation . 273

The tables in simplified form are given in Appendix A

together with a histogram showing the form of distribution.

In arriving at the mean, the extreme ends of the errors were
ignored as it was considered that these were due to
circumstances beyond the control of both the customer and Sage
Aluminium and would have to be regsolved by personal
intervention as is the case in most manufacturing organisations

at some time.

As mentioned earlier in this section, the Ford Motor Company
changed its forecasting procedure part way through this
exercise which enabled a reduction in the allowance required to
cover anticipated actual demand.

Forecasting Technique

old new
Mean Error 1. 042 . 9669
Standard Deviation : .232 .~ .238
Allowance Required 27. 4% .: 20%
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CHAPTER 7

THE ORIGINAL SYSTEM

The schedules were received from the customers after the’
commencement of the month to which the first period referred

to and so in theory one had two choices -

a o use the previous month's forecast of deman
(a) T th i th's tof d d

and commence to manufacture this quantity.

(b) Wait until the schedule was received before

authorising any manufacture.

In some ways the company were fortunate in that on the
majority of jobs they were delivering in arrears and so
invariably the schedules were received before they were in a

position to commence casting.

That this position had arisen may have been due to them adopting
course (b) above in the past as this would eventually lead to a
position of substantial arrears. An alternative may be that the
position was due to a dramatic increase in scrap percentages

due to either_:_

(a) The company having to employ semi-skilled labour

in the casting shop.
(b) The low state of maintenance of the casting machines.
(c) A combination of the above.

Or the cause may be factors beyond the control of the present

company management.
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It. is to the credit of the management that they acknowledged their

responsibility for plant maintenance and concurrently with this _ __¢'3’:

research work, an investigation was made into a system of ,

planned ‘,maint'_enan,ce‘ (29) within the company., ..

T T

4 Ly i [ : N . P N ‘ i I
¢ [ i i iy i A i

On receipt of the schedules, the production control executive
transferred the quantities to a works record book in which was
recorded all component manufacture and transactions. The only
form of machine loading done by the foundry was that daily the
Production Controller in consultation with the Foundry Manager
decided upon whether or not the jobs running on each machine

should continue for a further shift or should be stopped.

If the latter was the course of action, then the Controller decided

which job should be loaded next (by reference to the works record

book) and wrote an instruction to the Toolroom Superintendent

to the effect that a tool change was required and gave details of -

the new tool to be placed on the machine.

A list was also given daily to the foundry supervision stating

which machines should be operatedﬂ

The output from each casting machine was recorded by means of
a Kienzle counter (see Chapter 8. l) and each day the recording
disc from each shift on each machine had to be analysed to

give the number of shots and the hours worked.

The output, as given by this analysis was recorded in the works
record book as the actual output although it was known that this

would be in error.

The machine shop load was compiled by consultation between
the Production Control executive and the Machine Shop Foreman who

issued weekly a list of jobs to be done by each operator on which day.
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The actual quantity done was passed by the operator to the

Booking Clerk when she clocked off her job and her piecework - -

earnings were calculated on this figure.

The only real check on quantities of work was after final
inspection and the components were counted (by hand or weigh
counting) into pallets. This quantity was then passed back to
the Production Controller for entry into the book as deliveries

made.

To check stock, physical stock checks were made at quarterly
intervals and the quantities shown in the record book amended

if required.

An additional output from the Production Controller was a
statement to the Board of Directors each month giving the

sales value of work schedules for the following two months.




CHAPTER 8

LIMITATIONS OF PRESENT SYSTEM

Although it is a system based upon personal contact and as such
suffers greatly from the clash of personalities one often finds in

management, there is a basic system that could work provided:

(a) The casting machines could be relied upon to produce

a reasonably consistent good casting.

(b) The machines could be reasonably expected to

have a low breakdown record.

(c) The outputs at various stages were known with

a better degree of accuracy.

The company have already taken steps to improve (a) and (b) by
employing a Process Controller in the foundry and by
implementing a scheme of planned maintenance (29). It is the
failure to record accurately the outputs and performances at
various processes that causes the system to fail.

Il

8.1 OUTPUT FROM THE FOUNDRY

Each machine is fitted with a Kienzle cou;'lter which records the

. pumber of strokes or shots of the machine. Unfortunately it

only records a stroke and this doesr not mean that the component
produced was a good component or an obviously scrap component,
or whether any component was produced i. e. the machine was
closed thus operating the counter but no metal was poured into
the die - the operator would thus get credited with producing a

component although nothing was produced,



The theoretical procedure that should have been followed was that
the operator produced a die casting on the machine and on removal
from the die he should inspect it and if he considered it to be a good |
component then it should be placed into a pallet for good components.
If he considered it to be a scrap component then he should place

this aside to a second pallet and at the end of a shift the scrap

should be counted and the reading of the counter modified to allow

for this.

In most cases there was no seéond pallet in which case the operator
placed the scrap components on the floor but the worst feature was
that no one was instructed to count the waste components and so
these were simply removed by the labourer at frequent intervals.
Thus the only record left to the company was the reading of the
counter. Checks made with .other companies operating similar
processes showed that this problem was not unique to Sage
Aluminium with the exception of their failure to keep a closer

check on the number of supposedly good components delivered from %

the machine.

Whilst he acknowledged that the occasional operator would attempt
to cheat by not pouring metal into the die, the Foundry Manager |
claimed that the occurrence of this was yery small (taking into
account that shift leaders , Irlspeciors and himself were
continually moving round the foundry) and also if an operator
persistently practiced this habit it would result in a non-uniform
slope on the Kienzle counter disc. He admitted that in spite of
this the occasional operator had been found cheating and had been

severely dealt with as a result.

A series of sample checks were made by the Inspection Section
on the actual quantity of components received from the foundry
(the check being a physical count) and these were compaed with

the figure shown on the counter. Variations of between 6% - 8%
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~were.recorded, the mean being 6. T%. i oo 1w i

An analysis of the value of sales and the cost of production was
made by the Accounts Section and this showed an unaccountable

difference of 7% or a possible loss to the company:of £32 per week.

Spot checks were made by the author and the Foundry Manager
and the amount of scrap produced by the operator and laid by the
side of his machine or in the scrap pallet (as per instructions)
noted and this amounted to approximately 6% of the output. These

checks were repeated at .infrequent intervals with the same result.

One can therefore say with a fair degree of confidence that the
discrepancies in output figures were not in the main due to
operator error but due to the company not operating its stated

procedure.

Other companies with a similar problem have had to rely upon
a physical count of the components or in an attempt to reduce
the cost of this counting operation, a system of weigh counting

has been introduced.

An alternative would be a detailed analysis of the work produced
at the casting machine énd a statistical analysis done to

estimate the percentage scrap produced for which the operator
was responsible and the percentage scra{p.produced for which

the process was responsible. |

The reading of the counter could then be taken and reduced by

the total scrap to determine the actual output from the foundry
but reduced by only the percentagé for which the operator was
responsible to determine his paid output. N.B. This assumes
that any loss due to a non-working stroke is kept to a minimum by

good, effective management being seen ‘to be operated. v v
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If a system of physical checking was introduced the cost to Sage

is estimated to be £90 per week (see Appendix B ) which although -

i

greater than the estimated cost of the losses (£82 per week) the

£8 excess is justified because of the ability to know accurately

the actual output.

8.2 MACHINE SHOP AND FINAL OUTPUT

The record of output of the machine shop depends upon the a“bﬂit'y’
of the girls (and their honesty) to read the digital recorders fitted

to their machines. The figure given by the operators is used by

~ the Wages Clerk to calculate their earnings and no check is made

on the quantity until after final inspection and preparation for

despatch.

Assuming the girls were correct in their readings and recording,

errors occurred because of poor handling and work storage

facilities at the machines causing components to fall onto the floor :

where they were left for the labourer to clear away and pass back
for re-melting with the swarf. Thereforel what the operators
machined and what was actually inspected could be two different
total quantities. Again not the operators fault but the companys

for not providing better work storage.

After inspection, the components were passed to despatch and it
was only at this stage that an accurate count was passed back to

Production Control for entry in the works record book.



8.3 PERFORMANCE ANALYSIS

At the end of each shift in the foundry, the Shift Leader prepared -
a record sheet giving the work done on each machine and the |

name of the operator. The details included:

Job number.
Time started.
Time stopped.
Allowed shot rate.

Total time actually producing components.

o o s W N

“Time lost to and cause of any stoppage.

- These were passed to the Production Control office and the

information should have been entered onto a daily performance
analysis sheet and from the data the Operétors performance index
calculated and also the machine utilisation. An average for the

whole shift was also obtainable.

The frequency with which the analysié sheet was completed was
most irregular and on the majority of these occasions only the
times and quantities were recorded and no attempt made to
calculate performance indices. '

(.
A similar situation existed in the Machinc? Shop. Although the

procedure was there for the recording and analysis of lost time,

it was not followed.

The existing manufacturing system was tberefore not a closed
loop but one of the form illustrated below in Fig. 8 - 1 and the

result was that the management relied upon opinion on which they

based their decisions.

Input : Manufacturing Deliveries
._._._._-—b-————-
to to
System o Facilities |_Customer

FIG: 8 - 1



CHAPTER 9

PROPOSED MANUFACTURING SYSTEM

The philosophy adopted was that Sage Aluminium was a single
manufacturing unit within a Group and likewise within Sage

Aluminium, although there was a number of individual manufacturing
sections they had to be considered as a complete manufacturing
system, the performance of any one section having a possible

effect upon another.

The initial contact between the company and a prospective customer
was through the Technical Sales Department who, provided the
work was suitable, submitted to the customer an estimate of
manufacturing costs for his individual component. The actual
procedure for making the estimate appears satisfactory and no
proposal is made to change this - what must be changed is the

lack of feed back from the shop floor on the performance of the

works compared to the estimate.

If an estimate is successful and an order is received then an
operation summary sheet must be originated by the Technical
Sales Department giving details of the manufacturing method they
b ased the estimate upon, the estimated weight of material and
other relevant details relating to machine and labour grade. To
enable Production Control to exercise its scheduling function, the
estimated times for each operation should be entered on the
operation summary sheet in pencil. When the component is in
actual production and correct times established these must be
entered on the operation summary sheet in ink or typewritten.
Thus whether a time is estimated or fixed is indicated immediately.

The format of the proposed operation summary sheet is given in

Appendix C



Work is authorised by the customer by means of monthly schedules

and it is proposed that the foundry be loaded on an eight week
cycle (see chapter12 ) covering the forward periods 2 & 3. The
reason for fix.ing this limit is that the customer will only accept
liability for machine costs in period 2 and material costs only in
period 3. Further than this they will not accept any liability for

costs incurred.

The figures given for periods 2 and 3 are the customers forecast
of his demand and as such are liable to error. To allow for these
errors the quantity stated by the customer for period 2 should be
increased by an amount equal to one standard deviation above the
mean (see appendix A for details of analysis of past errors) but

because of the existing industrial position the quantity for period 3

should be accepted at face value.

A monitoring procedure for checking the quantities thus issued
to the foundry and the quantities given on subsequent schedules

is outlined in diagrammatic form & fepeltix €.

9.1. AUTHORITY TO THE FOUNDRY TO PRODUCE COMPONENTS

To authorise manufacture in the foundry, a foundry job card should

be introduced giving for each job:

(a) The quantity required.
(b) The estimated hours required.
(c) The shot rate and number of units per shot on which

the above was based.
(d) The machine or machine grbups on which the job
is to be done.

(e) The starting week number for the job.

The cards should be originated by the Production Control Clerk
when preparing the schedules and placed in a suitable rack in

week number order, until required.



In addition to this a visual load chart should be used (this is

now in use) showing the planned start and finish of each job on

each machine.

At least two shifts before a job is due to finish on a machine,
the Foundry Supervisor should consult the Production Control
section to find out the next job due on thatmachine and should

inform the Tool Setters of the impending tool change.

A job should finish on a machine when:

(a) The number of components required have been
produced.
(b) The number of allowed hours has been reached.

The Foundry Supervisor should inform the Production Control
when either of these two restraints are reached and they must
make the decision if there is a large variance between actual

and planned. Until they give the authority to do so, a die must

not be removed from a machine.

The Foundry Supervisor knows the actual number of components
per shot that is being achieved and it is his responsibility to
inform Production Control of this figure when it differs from the
planned output, they then can consider correcting their

programme if required.

Facilities should be provided at the machine for the caster to
segregate good components from scrap and his pay should be
calculated on the number of good components produced. The

scrap is bound to result from one of two main factors:

(a) A process defect over which the caster has little

control.
(b) His own carelessness.



If he is only to be paid for good components produced then he

must be given an allowance for process defects. This could

have a positive effect in encouraging him to exercise his skills
to keep this to a minimum and thus he would obtain some

additional credited time i. e. bonus.

The quantity of good components in a pallet must be established

for all work leaving the foundry (see chapter 8.1) and this is at

present the subject of negotiation between the company and unions.
Each pallet should be labelled with an identification tag giving the
component number, date and shift cast and the number of

components contained in the pallet. -

These figures will therefore give the output from the foundry
and aid the batching of work ready for processing through the

machine shop.

The Foundry Supervisor should still continue to complete his
shift record sheet as at present but ensuring that all time on each
machine is accounted for and the causes of any stoppages given.

This information is transferred by Production Control into

either :
(a) The works record book for control purposes.
(b) The individual operators weekly record card for

wage purposes and performance calculations.

At the end of each week the performances should be summarised
into a total departmental performance and a 'shift' performance.

The losses should be clearly defined and caused assigned.

9.9 AUTHORITY TO THE MACHINE SHOP TO PRODUCE
COMPONENTS

The Machine Shop has been arranged into groups (see chapter 12-3)
and thus work is loaded onto a group of machines and not individual

machines. Appendix D gives details of the grouping and the
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number of operatiois required on each group for each

component together with the hours taken for 100 components to

pass through the group.

It should be noted that this is not the standard hours for the
component that would have to be used for wage payment purposes.

This would still be the sum of the individual operation times.

Before a batch of components is issued to the Machine Shop then
not only must the machines be available but also the required
number of operators to work as a group. Whenever possible the
policy should be that components are taken from a pallet for

the first operation and should not be replaced into a pallet until

the final operation is complete.

The operators would be paid bonus as a group (this principle is
already established on certain components) and the total guantity
booked by the operators should correspond with the quantities
shown on the pallet identification tag. Each machine is fitted with -
its own digital recorder therefore any discrepancy is quickly
noticed. Whilst a single machine counter is open to abuse when

working as a group all machines should show the same error if the

discrepancy is genuine.

Work should be planned using a visual display chart constructed

on Gantt chart principles thus enabling the operators and

machine groups to be readily matched. Job cards (existing format)
can be prepared at this stage (excluding details of the operator)

and filed until required.

Stoppages, waiting time and other undesirable lost time should .
be recorded (again using existing cards) and these must be
signed by the Machine Shop foreman giving the cause and

allocating responsibility.
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Each day the individual operators record card is completed giving

details of work produced and lost time.

At the end of each week the individual operators performance is

calculated and the departmental performance is obtained.

9.3 INSPECTION: POLICY"

It is company policy that all work must pass through inspection
and if control is to be kept over delivery dates then consideration
should be given to classing this inspection as a separate final
operation for which time should be allowed for in the manufacturing
programme. At present most work is inspected 100% after
machining (see appendix B ) but there is a proposal to introduce
a sampling inspection scheme but this is dependant upon the
outcome of current negotiations on the counting of work from the
foundry as it is claimed that the majority of scrap would be
obvious at this stage. If the negotiations are successful, the
components would be 100% inspected_ at the actual casting
machine, the Inspector separating the good from the obvious

faulty castings.
This would result in a financial saving of £2191 to the company

due to not having to pay the Machine Operators for machining

faulty castings, the calculations being given in appendix B

9.4 DESPATCH POLICY

Assuming that the inspection process is classed as an operation,
then the fact that the work is completed and available for despatch

will be automatically signalled by the clearance of the operators

job card.

Whilst the inspection remains 100% as at present then an

accurate count can be obtained.
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By a physical count by the Inspector on large
components.

By a weigh count on the smaller componehts
that will fit the weigh pans on the existing machine.

When the completed work is received into the despatch area the
Despatch Clerk should contact the Production Controller to receive

instructions.

Transportation of the components to the customer is, with

few exceptions, the responsibility of Sage Aluminium using at ..
present their own transport backed up as required by private
hauliers. Negotiations are in hand to pass the entire

transportation of goods to a private concern.

Although this will mean less capital fied up by Sage in lorries
it does mean that if they are to avoid excess payment for

'part loads' they will have to plan the work through the Machine
Shop and arrange for it to be assembled by the Despatch Clerk

into economical lorry loads.

A load for a lorry is not only governed by its maximpm permissible
1 oad (and as the product is aluminium this is rarely a factor)

but also on the maximum cubic capacity it can carry. To enable
this to be considered by the Prodﬁction Control function at the
scheduling stage, the quantity per standard pallet (36" x 24" x 24")

is shown on the operation summary sheet.

When the Despatch Clerk has ensured that the quantity st‘ated

is in the pallet and has originated an advice note, he must supervise
the loading of the pallets onto the lorry, give a copy of the advice
note to the driver for the customers goods inwards record and

send a copy of the note to the Production Control who will enter

the despatch in the works record book and type the official invoice
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to the customer.

9.5 PAPERWORK

To perform these functions listed, paperwork in the way of forms
and record cards must be originated. Wherever possible
existing forms and cards have been used and these together with

proposed new ones are shown as appendix C

The estimated costs associated with the manual system are

given as appendix E
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CHAPTER 10

FOUNDRY PROGRAMME - INITIAL, BATCH SIZES

The problems associated with endeavouring to produce a workable
manufacturing programme in a multi-product situation have been

well documented Hull (30) Eilon (31), Wild (32).

Wild gives a good review of the work done by researchers in the
application of heuristics to the scheduling problem, whilst Eilon,
by contending that good management will always be prepared to
recognise that optimum conditions rarely exist,makes use of an
allowable increase in cost (expressed in terms of increase in
variable costs or increase in total costs) to produce a
production range and proposes a heuristic method to develop a

workable multi-product schedule.

Magee (24) proposes & method for determining a multi-product
schedule based upon a heuristic applied to the number of runs

per year for the individual components as derived from the
traditional economic order quantity formula. A comparison of this

and other rules are contained in Griffiths (33).

As stated in Chapter 9, the foundry programme was to be based

on an eight week cycle.

Although the basic calculations are done for an eight week cycle
the programme should be reviewed when the customers schedule
is received for the month (i + 1)and if any drastic amendments are

suggested then these should be implemented, otherwise the

’ programme as planned should be adhered to with the following

as guide lines.



1. The programme is fixed for both component and

quantity for two weeks ahead.

2. The programme is fixed for component but the quantity

may vary for the following two weeks.

3. Both component and quantity may be varied for the

following four weeks.

The basic formula used when calculéting batch quantities is:-

Q =[2y C_

Ic

from which N. the number of cycles per period is given by

Griffiths (33) showed the advantage of using manufacturing cycles, '
the frequency of which is the form of a geometrical progression '
(see appendix F ) and working on the eight week cycle for Sage
this meant cycles of 1, 2 4, 8 or 16 weeks. In practice anything -
that required running at one or two week cycles was classed as

a continuously running job. o

The 800 ton press group was by company policy -

(a) Manned for twentyfour hours per day.

(b) ’ Any changeover of tools took pléce at the weekend.
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As these were restrictions applied only to this group and also the
work did not pass through the Machine Shop (trimming being done
by a male operator on a press in the Foundry), it was decided that
they could safely be left out of any calculations, provided these

did not use weekend working.

The responsibility for setting the tools on the die casting machine
is the Toolroom Superintendents. There are two teams of two
men (one day shift and one night shift). Once the tools are set

then the Foundry supervision takes over for final adjustments.

Obviously setting times do vary but approximate times have been

given as:

800 ton press 21 man hours
400 ton press 14 man hours
250 ton press 8 man hours
Other presses ‘ 4 man hours

The time spent by the Foundry supervision only amounts to
approximately 0.5 man hours per set up and as this can
easily be offset by the variability in performance of the main

Tool Setters it was not included in the calculations.

Allowing a Setters rate of £1 per hour plus 100% overhead gives

an applied rate of £2 per hour. The 100% overhead is only an
estimated figured based upon the author's experience and one
which was not violently disagreed with by the company whose
present costing policy only considered one toolroom overhead, but
this included machine tool depreciation, tool repair etc., the

cost 6f' which should have been allocated back to the Foundry by

a budgetary control technique.



The only overheads for the Tool Setters should have been their work

benches, lifting tackle proportion and trial costs.

Allowing £2 to cover the cost of paper work per order, the

setting costs per machine become -

800 ton £44
400 ton £30
250 ton £18
Others £10

The holding charge covers the cost of keeping cash tied up in the
form of stock or work in progress plus any storage charge. Other
factors such as design changes do not readily affect Sage and

can be ignored.

To borrow cash costs approximately 12% per annum (this was

the figure in mid 1973 when the calculation was done) and allowing |
for approximately £25, 000 in work storage (to be controlled by a
Storeman at a rate of approximately £25 per week) gives a labour
holding charge of 5%. These two factors give a total charge of 1%
and to give a 10% profit after tax requires the addition of a further ‘

3%. Thus the holding charge (I) used was 20% per annum.

The constant cost 'c' (the cost of manufacture) of the item is

correctly found by the expression -

f’]ﬂnﬁ;n»\ﬁ-[standard hours per unit x (hourly wage rate + overheads)]
CosT
and it is this cost which should be multiplied by the
holding charge (I) to give the holding cost 'Ic' in the

equation for 'N'.

Because the majority of components are fully machined before any

inspection is done and any subsequent storage made it was felt that
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if the actual selling price for mid 1973 was used as the constant
cost this would be more easily applied by the control personnel,
the profit margin included in this figure covering any increase in

works cost due to material price increase.

Using the above data, for each component the number of cycles (N)

to achieve 'minimum' total variable costs was determined.

If N < 1.41 it was classed as 1.
If 1. 41 < N <, 2. 83 it was classed as 2.
If2.83&% N < 5. 65 it was classed as 4.

If 5. 65 S N it was classed as 8.

To simplify calculation, charts have been produced giving the
number of cycles per eight week period when the cost per unit
and quantity per eight week period are known. These are given

in Appendix F
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CHAPTER 11

SCHEDULING OF ‘WORK:

For the purposes of scheduling work, the company was considered
as two workshops but because the output from one was the input

to the other, they were not independent.

The Machine Shop was the customer of the Foundry and in order
to balance out demand some form of buffer stock was necessary

between the Foundry and Machine Shop.

As stated in Chapter 3. the company received monthly manufacturing
schedules from its customers but these only committed the
customer to the demand as stated for the first, second and third

period, the latter for material purchase only.

As components required to meet the first period demand should '
be in process in the Machine Shop, this left only the second and-
third period to be considered for the Foundry. To cast one
month's requirements only for each item would have been
expensive from a setting cost aspect, but would have kept to a
minimum the variable costs associated with storage. It was
therefore decided to arrange a casting programme to meet the
requirements of the second and third periods, the timing of

this programme being as shown in Fig. 11-1 overleaf.



Consider Total Requirements

‘Schedule

Received
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for months 2 & 3 as one Order

1st month 2nd month 3rd month

Approx. | Programme % Programme 3

2 weeks Requirements for Requirements for
available | months 2 & 3 -
| onths 2& 3 onths 2 & 3

to analyse=

schedule

8 week cycle

Founbry PROGRAMME

FIG., 11 -1

In theory the Machine Shop load was based upon the first period of

the current customers schedule but due to the timing of the issue of

these schedules by the customer anything between a quarter and a
half of this first period could have elapsed by the time it was

received and analysed by Sage Aluminium.

One had therefore to rely upon the previous months estimate of
demand and commence production on this basis or to manufacture
for stock and meet the customers requiréments from this stock

of finished work. This was not only expensive in terms of cash
tied up in stock, bearing in mind the high interest rates prevailing,,
but also in the space required to store the work. It was estimated
that one month's production would require 750-3' x 2' x 2' pallets

to store the components.



timing of the Machine Shop programme in relation to the customerSj |

schedule to be as shown in Fig. 11 - 2.

Schedule
Beceiv_ed

r ———————— .
l_l_\./Ionth (i -1) 1st month 2nd month
commence

machining |1 wegek

Before sta;t of month

4 week schedule

— 3 i

i i )
Initially quantities based on Previous Month's
Schedule for Period 2.

MacHing SHop PROGRAMME

FIG. 11 -2

11.1 SCHEDULING WORK TO THE CASTING MACHINES

The Foundry loads resulting from analysis of the customers °
schedules were calculated as described in Chapter 10. The

resultant loads were listed into components required.

One per 8 week cycle

Twice per 8 week cycle

Four times per 8 week cycle ) In practice both were
classed as continously

Continuously running job running.

By re-arranging the Machine Shop into group flow lines (see chapter .

12. 3), the aim was to decrease the throughput time and enable the



They were also arranged into casting machine group order and for L

each component, the hours required for one batch to be cast was

determined.

The work was loaded onto the casting machines using the following

basic procedure:

1. Continuously running jobs were allocated to a machine.
2. The components that were to be scheduled once in the
8 week cycle were divided into two parts, components
being allocated to each part in turn in descending order
of machine hours required.
The components in the first part were then loaded to
commence to run during the first half of the 8 week period and the

second part to commence during the second half of the 8 week period.

3. The components that were to be scheduled twice per
cycle were then loaded to each half of the 8 week

period.

In loading it was found to be an advantage to enter the works loads

in a table first and then to load the machines using the following.

rules:

(a) The 400 ton press group had first priority (due to
its restrictions on available setting time) and these
were loaded first and when one became free it took
priority over the other ma chines for re-setting.

(b) . The work was loaded onto the machines in descending

order of 'run time' length irrespective of the type of

machine, with the proviso .stated in (a) above.



once in every 16 weeks.

By using these rules the available setting force was effectively

used, the restrictions on setting being given in chapter 1. 2.

When displayed on the wall chart it was also permissible to

modify the schedule to allow for -

(a) . A better operator utilisation.
(b) A more balanced load with the 4 week machine
shop programme.

(c) A balanced load on the machine setters.

The procedure therefore gave an initial allocation which it

was permissible to.change but only when it had been displayed |
so that the effect of a change on one job had on another job

or section could be seen before it was implemented.

11.2 CASTING MACHINE UTILISATION

To achieve the budget targets the following machine utilisation

figures were required:

Present ~ Future Plan
400 ton 85% 85%
250 ton 67% 75%
Reeds 34% 1 M/c 34% 2 M/c 75%
Herberts 56% 75%
Edgwicks 9% 50%

Of the amount of under-utilisation that can be affected by a

production management policy (as opposed to company selling
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(c) If the total run time for a job during an 8 week period

was less than 16 hours (i. e. two shift lengths as per

budget) then this should be considered for running i E



policy) the major part comprises:

1. Losses due to machine failure.
2. Losses due to process failure.
3. Losses due to machine setting.
4.

Losses due to machine tuning.

i. e. stoppages whilst minor adjustments are made
to tool setting.
5. Lost time whilst routine maintenance is carried out.
An analysis of non-productive time over a period January -

February, 1973 gave a percentage non-productive time on

activyities other than setting of 6%. Since this date a system of
planned maintenance has been introduced and it is anticipated
that this 6% lost time will be decreased to reflect the
effectiveness of planned maintenance. In the following
calculations therefore a figure of 5% has been assumed for this

non-productive factor.

Under the proposed planned maintenance scheme it is
anticipated that each machine will be required for the following

time periods:

Weekly - 4 hours = 5% (80 hour week)
3 monthly intervals - 3 working shifts.

94 hours of normal working hours.

1

2 hours per week on average

25%. -

]

The total percentage lost time is therefore equal to 5% + 5% + 21%
= 12. 5%.




This means in effect that the percentage of time allowed for setting

under the future plan (which was the immediate future) was:

400 ton 100 - 85
259 ton 100 ~ 75
Reeds 100 - 75
Herberts ~ 100 - 175
Edgwicks 100 - 50

-12.5 = 2. 5%
-12.5 = 12. 5%
-12.5 = 12. 5%
-12.5 = 12.5%
-12.5

= 37. 5%

This meant in terms of normal working hours available per 2 month

cycle for setting:

400 ton 23% of 2
250 ton 123% of 2
Reeds 125% of 2
Herberts 125% of 2
Edgwicks 37+% of 2

x 2240 = 112
x 2240 = 336
x 960 = 240
x 640 = 160
x 1280 = 960

The average hours for setting these machines have been given as:

400 Ton Machines

Basic time (assuming no machine raising)

With machine raising and hydraulics

250 Ton Machines

Basic Time

With tie bar removal

Reeds

Assume same as 250 ton

Other Machines

Basic Time

6 hours.

8 hours.

Average 7 hours

1]

3% hours

4% hours

Average 4 hours

2 hours.



These were the estimated times for a team of 2 Tool Setters and

there was 1 team for each shift. (N.B. The estimate was given

by the Toolroom Superintendent).

Using these setting times and hours available then the maximum s

number of set ups permissible on each type of machine per two o

months cycle is:

400 tons = 112 = - 16
7

250 tons = 336 = 84
4.

Reeds = 240 = 60
4

Herbert D. C. = 1_§_0 = . 80
2

Edgwicks = 960 = 480
2

During machine tuning (previously defined) if the tools had to

be removed from the machine it was the team of Tool Setters that
did this actual task. Because of this and due to their need for an
appropriate relaxation allowance it is unreasonable to expect a
100% effort on original machine set ups by a team and possibly a

fairer estimate would be 60%.

The figure of 60% has been arrived at by reference to the

relaxation allowances quoted by Eilon (34) and is made up

as follows:
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Factor % -Allowance

Energy Output (4) 16
Position (2 - 5) 4
Motions (3) 3
Visual (1) 1
Personal 3
Thermal (4) ' 20
Atmospheric (2) | : 5
Environmental (8) ° 5
57%

AlloWing 40 minutes per day for cleaning hands and statutory
breaks gives a further 6% over 10 hours which increases the

above percentage to 63%, from which we can say -

100% of working day = % working ( 1+ .63)
Therefore % working = 100
1.63
=61.5

PEGEISTRISE

Assuming this to be 60% makes an allowance for any machining

turning which may require their assistance.

The total machine hours per week that can be allocated to setting

is therefore -
2x50x.6 = 60

N.B. This allows for a 10 hour shift by each setting team.

Over a 2 month manufacturing period this equals 480 hours.



CHAPTER 12

LAYOUT OF MANUFACTURING FACILITIES:

With the formation of the early factories, the artisans were grouped
together according to their individual skills and thus was developed
the functional or process layout. By this system similar machines

or equipment were grouped together and controlled by the same

individual.

The advantages it offered included:-

(i) Flexibility of equipment and sometimes manpower
within this section enabling decentralised control

to . be used.

(ii) A better utilisation of machines (although in the

total system concept this does not necessarily mean st

the best rate of return on investment).

(iii) Benefit of specialist supervision.
Its disadvantages included:-

(i)  Relatively long lead times due to components

remaining untouched during movement between

operations.
(ii) A consequential high value of work in process.
(iii) Administration costs are higher especially with

regards to production planning and control.

(iv) Handling costs are higher.
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The disadvantages listed are all major ones in that they affeéf :
the immediate profitability of the company and a study of the \.

work flow in a shop organised on these lines would tend to show:é
series of interwoven lines which have been referred to as |

a 'bowl of spaéhetti' (35).

With the increase in demand for components of a common design,
managers recognised the limitations of the process layout and
therefore the product layout was evolved. Under this form of
layout the machines or processes are arranged in the correct
operational sequence so that the raw material starts at one end

of the line and the finished product comes off the other end.

The main advantages are:-

(i) Reduced handling between operations.

(ii) Lower levels of work in process.

(iii) Less storage space is required.

(iv) A much simplified control system can be used.
(v) Dependent upon the product a less skilled labour

force is required.

The disadvantages include:-

(i) Iess flexibility is available and a change in product

can mean a major expense in alterations to the layout.

(ii) If one machine or process breaks down the complete
‘line may stop unless provision is made for inter-

process puffer stocks.

(iii) Identical machines may be required at different

stations on the line and which are not fully utilised.




The output will be restricted to the slowest machine

resulting in under-utilisation of the other machines

unless the slower operation capacity is increased by WIS T

the use of multiple machines.

A third type of layout is the fixed position layout which is
restricted to the assembly of large immovable objects such
as ships, aircraft or large electrical components. Using this
method, all the individual components are brought to the fixed

assembly position.

To function effectively, this type of layout requires the
investment in portable machines to assist the assembly work and
for each assembly position the machines could be duplicated

resulting in a relatively high cost but low utilisation.

The development of numerical control for machine tools eventually anien

saw the introduction of the machining centre concept where one
complex machine tool is capable of performing the operations
normally done on two or more conventional machine tools. The v

Molins System 24 was a similar development.

The success of this type of system relied to a large extent upon
_the full integration of all management functions and in the
middle sixties when they were being introduced, this was not

achieved - people still considering themselves as parts of

separate functions.




12.1 THE DEVELOPMENT OF THE GROUP CONCEPT

For small batch production the layouts were mainly by process but

in occasional instances, production engineers had analysed
manufacturing .methods (especially in relation to the initial
operations) and where possible had grouped components together

so that it was possible to use common tooling. (In the author's
experience, the procedure followed at present by Mercers for

their Swiss type automatic section was used by him in the mid fifties).
Other instances are apparent from letters written to learned

journals by practising Production Engineers.

What must be stressed is that the allocation of a component to a
machine set-up group was made on practical judgement and at

that time very few companies atterﬁpted any formal method of
analysis to allocate components to these groups. Nor was any
attempt made to incorporate the potential economic advantages into

the manufacturing unit.

With the development of classification systems, the Production :
Engineer and indeed management as a whole (Gombinski 36) had a ;
tool with which they could analyse components to form groups of

components with similar attributes.

With this ability Production Engineers were able to turn their
attention to components which required more than one type of
machine to produce a finished component and from their analysis

the required machines were groruped' together to enable completed

componen'ts to be produced.

The work content (or the time required to complete a task) varied

for each operation within the group and if there was one operator

to each machine gross under-utilisation of the operators occurred.

With the co-operation of the operators and unions, the number of |




operators was reduced so that the total work content for a bafch
of components was approximately equal to the number of operator
hours within the group. An additional feature resulting was

that operators were able to exércise different skills in operating
the different machines. Systems incorporating these principles

have been reported by Ranson (37), Connolly (38) and Caudwell (39).

Burbidge (40) maintains that in order to form the groups or

families of components as they are often called, one need only
analyse the individual component operation sheet or route card as

it is sometimes called. Although the technique is simple to apply

it does not take into account the volume of work flowing down the
resultant flow lines or through the machine cells and El-Essawy (41)
together with fellow researchers from UMIST developed the technique
to take this factor into account and used the term Component Flow

Analysis.

12. 2 APPLICATION OF TECHNIQUES

These last techniques of Production and Component Flow Analysis';
are easily applied but they are restricted to the design of the :

actual production flow lines or cells.

As an aid to the product design and other essential functions that

go to make up the complete management control system they have
very limited use. Ior the integrated management system therefore
some form of classification system is usually essential, the
variable factor being the size of the company i. e. very small, or

the number of different products flowing through the system is

very small.

The classification systems in common use are based on original

work done by Opitz (42) and systems using this technique have
been applied by Thornley (43). The second is based upon work by




Brisch (44) and systems using this have been reported by Edwards (45‘).'

The benefits to the company when the group technology principle is T
applied to the integrated management control system are reported

by Ranson (37), Thornley (46) and Saterwal (47). Where possible

the benefits have been quantified but possibly one of the greatest

benefits, improved human relations within the system cannot be

readily quantified.

12. 3 THE GROUPING OF MACHINES IN- THE SPONSORING COMPANY

In fairness to the management of the company one must say that where
they had been guaranteed a high volume production run in the past
they had attempted to form a flow line for the production of the item

concerned.

As demand fell the function of the flow lines ceased and a study of the
flow pattern of work through the shop gave a very irregular path.
This, together with a lack of a formal work programme for the
Machine Shop resulted in excess movement of work between machines.
The latter factor being the greatest.contributory factor.

|
Because of the nature of the work done by the company, changes in
product will take place at reasonably frequent intervals and therefore
rather than set up flow lines for individual components, it was

decided to analyse all the components to see if there was any defmlte

pattern.

The number of components produced by ’phe company (approximately
60 - 70 live components at any one€ time) was considered to be far

too small to justify any form of component classification using a

numerical coding system. It was therefore decided to analyse the

components according to the manufacturing sequence using Component

Flow Analysis.



The basic process done in producing a finished component atrsag‘e’ jaii

Die-cast and break off components from spruce.
Trim off flash from component.

Carry out any machining operations required.

Inspect (as required)

Before any form of analysis could be done, operation summary

sheets had to be prepared for each item. A typical summary sheet
is given in Appendix C . The compiling of these operation summary
sheets again showed that a lack of reliable data was available from
the shop floor which management could use to formulate a workable
manufacturing programme and this possibly explains the reluctance
to produce a machine shop schefiule. The actual time taken to

produce a workable set of operation sheets was four months.

Each component operation sheet was then analysed onto the forms

as given in Appendix D , the analysis taking the following steps&“’»i-.%ﬂ' £
(a) Grouping components done on similar machines.
(b) Arranging the components within a group into

operational sequence.

This procedure resulted in five main groups:

Group 1. 1 - 5 ton press for trimming.

1 Fobco Drill '
1 Elliot pedestal drill.

Group 2. 1 - 15 ton press for trimming.
1 Fobco drill.
1 Elliot pedestal drill.

Group 3. 1-5ton ) for trimming
1 - 15 ton )

5 _ Fobeco drills, plus 1 Elliot Drill.



All the above operations were done by female operators and in
addition to these operations there was certain components that had
to be linished. As this was done by male labour away from the
normal machining area (because of extraction problems) it was nofed

on the analysis sheet but not considered in the grouping.

Group 4. This was a group which required often more
than one of any type of machine and also

(by chance) included the few remaining flow

lines.

Group 4a. This group mainly comprised components
requiring a single press trimming operation
with possibly some subsequent linishing or

" bench deburring work.

12. 4 VOLUME OF WORK PASSING THROUGH THE GROUPS

The quantities of individual components stated in the proposed

manufacturing budget were then linked with the appropriate group i

number and component volume determined. To be of real use in

any further analysis this volume had to be converted into the form E

of standard hours.

The majority of the work done by the female operators was done
on a piecework basis, a time being estimated by the Machine Shop
Foreman and this given to the girls in the form of a price per 100

units. The price was often expressed in terms of 5 decimal places

of a pound.

From discussion with the Company Secretary on wage payment, it

was agreed reasonable to take the rate of pay per standard hour

to the girls at 46. 10p. All the piecework~-~p\rices were therefore

converted to standard hours per 100 using this conversion factor.

The work load on each work group was then determined in terms of
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standard hours using for this initial analysis the following avéré'ge

standard times:

5 ton press operation = . 14 standard hours/100

15 tan press operation = . 25 standard hours/100
67 standard hours/100
. 12 standard hours/100

. 23 standard hours/100

20 ton press operation =

Fobco Drill operation : = -

==l

Elliot Drill operation

The quantities indicated in the budget were the anticipated average
monthly requirements but analysis of past orders indicated that
for components required for the motor car industry an addition of
35% should be made to installed na chine capacity to allow for a
sudden increase in demand. This figure was obtained by plotting
the distribution of the ratio. ‘

Highest Monthly Quantity
Average Monthly Quantity

The mean was 1. 258 and the standard deviation was 0. 093.

Allowing for a 35% increase in demand above the monthly budget

figure therefore gave an ability tomeet this 84 times out of a 100, *

Components not influenced by the motor car industry were left

as per budget.
All figures were increased to allow for scrap as per budget.

The budget also gave a planned increase requirement and as the ’ /
company were hoping to become less dependent upon the motor

car industry it was assumed that this additional market would be

in any field other than the car industry. The requirements on each

machine group was therefore increased by the same quantity as the

output from the casting machines, whose output was machined in

that group, was planned to increase. The pattern of the machine
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operation was also assumed to apply as also was the approximate .

~average scrap value.

For each group then an approximate monthly work load was thus. -

-

determined:

e. g. Group L
5 ton Press 153 standard hours.
Fobco Drill 131 standard hours.
Elliot Drill 253 standard hours.

The complete analysis of machine group loads as thus determined

is given in appendix D

From a study of the standard hours and process it was apparent

that a group of machines comprising -

1 -5 ton
1-15ton

1 - Fobco Drill
2 - Elliot Drills

could perform any of the jobs classed as Group 1 and 2 and to meet

all the requirements of these two groups would require at least two

such machine group arrangements. %
By study of the hours required for Group 3, each item could
justify its own individual flow line. A similar study of the items
comprising group 4 also indicated a number of flow lines were
possible, some would be fully utilised on one job, others would
be capable of producing a number of similar items e. g. Group 9

will produce 3 types of carburetter body.

The final grouping of the machines and the associated jobs is listed as

Appendix D and shown as Fig. 12:-1
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12. 5 GROUPING FLEXIBILITY

Because of the changing nature of the work pattern at Sage Aluminium, 5 |

the work groups as determined at present may not be applicable in
one year's time. In changing the layout to one of cell machining the

condition was given by the Managing Director that complete

flexibility must be obtainable.

Fortunately the operations are of such a light nature that no fixed
foundation bolts are required for the machines and so these are
capable of being freely moved provided that the services i. e.

electricity and compressed air, can also be freely moved.

To enable the services to be flexible electrical 'bus bars' were
run down the machine shop into which it is possible to make
connections at 2 ft. intervals, the cables to the machines being
contained in flexible steel sheathing. The air supply was also
arranged in a grid formation into which bayonet fittings were
fitted for locating the flexible nylon tubing to be used for the

air supply.

A machine can therefore be repositioned within 1 hour by two men
and this should enable groups to be quickly changed to allow for a

new work pattern.

The present layout is not fully ideal in that final inspection is still
kept as a separate final operation. With improved control at the
casting stage it is hoped to be able to combine this as a final
sampling operation in a group of machines, the work then being
passed immediately to despatch. If such a position is reqched
then a slight re-arrangement of the machine groups would be .

required to enable an inspection point to be placed at the end of

each line.



The movement of work between machines in a group is done by the
operator. Roller conveyors were considered but initially it was
considered that these may reduce the ability to re-arrange groups-
of machines and were therefore not pursued. An alternative for
future evaluation is the provision of work trolleys (as illustrated in
Appendix D ), the objection to these at present is the feeling that
the labourers will demand the right to push these trolleys between . ..
machines; the female machine operators also objecting on the
grounds that they are Machine Operators and not Movement

Personnel,

Tor this reason benches are still used between the machines, the

girls having no objection to passing work by hand onto an adjacent,

bench.




CHAPTER 13

SIMULATED LOAD ON-THE FACTORY

The basis for the simulated load was the total manufacturing budget
originated by the Board of Directors. This gave details of the
components they anticipated producing and the monthly quantities
after they had been through a price revision exercise (which resulted
in them ceasing to manufacture certain unprofitable items) with their

major customer.

The budget also gave the planned machine utilisation figures for the
Foundry and guide lines as to which sections they hoped to improve

upon and gave the targetutilisation figure for these sections.

In analysing the budget the following assumptions were made:

orders, machine utilisation and operator performances’ -
would continue to apply to components done for the

motor car industry.

2. For components done for other industries the monthly

demand would be constant as given in the budget but

the machine utilisation and operator performances would
have the same distribution pattern as previously

established for the items referred to in (1) above.

3. For the forecasted unknown components it was assumed
that the pattern of secondary'machining operations that
applied to the present known components would also

apply to these unknown components.

Provided the type of work did not change too drastically it was

considered that these were reasonable assumptions to make. If
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1. The distribution patterns previously obtained relating to.




there had been a drastic change in the class or type of work being H

done, then the figures for operator performance would have had to "

be adjusted to allow for the learning phenomena.

.......

Actual Monthly Demand - which as previously stated approximated
Average Monthly Demand closely to a normal distribution.

Random numbers normally distributed were generated with a mean
and variance as previously obtained and this was used to repfesent
the ratio. In place of the average monthly demand the budgeted

monthly figure was used and thus a simulated monthly demand was

obtained by (budget monthly figure x random number generated).

This procedure was done for all components that were considered to
be affected by the motor car industry and an order book for 15
months developed. These were equivalent to the quantities given

on the customers schedules as requirements for 'Period 1"

Torecast of Demand for Periods 2 and 3

Previous analysis had shown that the ratios

actual monthly demand
forecast of this demand 1 month previously

and actual monthly demand ’ ‘
forecast of this demand 2 months previously

were both approximately normally distributed although as one would

expect there was a slightly different mean and variance for each.

Random numbers (normally distributed) were therefore generated

to represent the forecast made of future demand as given in the

customers schedule for periods 2 and 3, these being applied as follows: -




For month i, the forecast for period 2 R : -

simulated demand‘ for month (i + 1) x random number generated

and

the forecast for period 3

= simulated demand for month (i + 2) x random number generated.
As the customer only guaranteed payment for the quantities stated
for periods 1, 2 and 3 these were the only ones which were to be

considered for planning purposes, the development of the quantities

normally given for periods 4, 5 and 6 were not considered essential.

In Chapter 12. 4 the determination of section capacities for a given

level of certainty of meeting a demand wass considered. When
considering the forecasts for periods 2 and 3 a similar procedure had

to be considered. To allow for error it was therefore decided to
increase the value given for period 2 by one standard deviation which
gave an 84% certainty of being able to meet the actual demand one month

ahead.

For period 3, although a similar procedure could be followed because
of the prevailing uncertainty of the market (which resulted in a fairly
large variance) it was decided to leave the value as given and make no
further allowances. As stated in Chapter 11 manufacture in the
Foundry was proposed for an eight week cycle to cover the forecasted
demands for periods 2 and 3. Due to the' timing of the cycle within
two weeks of its implementation, a new customers schedule would be
available in which the previous period 3 now became period 2, and
therefore the quantity stated was more reliable. Any excessive error

due to accepting the figure for period 3 could therefore be corrected

fairly early on in the manufacturing cycle.
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8 Week Order Size for Foundry

For the eight week period covered by month i and i + 1) the 6rder'
size was determined by: o
at month i the forecast for period 2 + 20% (/A-+ o™ ) i) s

plus the forecast for period 3 plus or minus

the previous eight week forecast error((i. e.

for months ( i-1) and (i - 2) ))
The resulting order size had to be increased to allow for 'uanoked'
losses in the foundry and from previous analysis a figure of 5% was
considered suitable. In addition to this an allowance had to be made
for recorded scrap and this was the mean figure contained in the

budget.

The order size input was therefore the figure as calculated above E
plus the scrap - percentage from the budget and the resulting total e

was increased by 7% to allow for foundry losses.

This order size could be issued as one batch or it could be divided
into a number of batches. The procedure for making this decision

is outlined in Chapter 10.

The standard hours required per batch of components passing through
the Foundry was obtained by using the budgeted shot rate per hour and
the actual time taken for the batch was found by generating random

numbers to represent the operators performance, the distribution

of past operator performances being approximately normal.




The mean scrap rate used in the budget had been assessed by the; .

Chief Inspector by analysis of his past records. To allow for a '

variation in scrap (as occurs in practice) a normal distribution
was assumed for the scrap rate, the mean being the budget figure

and scrap rates were then generated for each batch.

Where components were inspected immediately after the casting process,
then the input to the Machine Shop or Despatch Bay (as was the case)

was obtained by:

(Input Quantity - 73%) x(l - Generated Scrap Rate)

Where the components were inspected after the machining operations,
then the input to the Machine Shop was:

(Input Quantity to the Foundry - T2%).

The Machine Shop was laid out in flow lines (see Chapter 12. 3)
and work was loaded onto these lines on a monthly basis to

satisfy the customers demands.

The standard times for machining the components were taken from
the operation summary sheet and the operators performance index
obtained by random number generation based upon the distribution

of past indices. The actual time taken was then obtained from -

standard time x 100
generated random performance

. Actual time

Where inspection occurred after machining the output from the

Machine Shop was given by -

(The resultant input from the foundry) x (1 - Generated Scrap Rate)
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CHAPTER 14

DISCUSSION 'OF: ‘SIMULATION - RESULTS

In running the simulation, the components were considered as two

classes -

(a) Those that were influenced by the automobile induétry
and thus had an increase made to the forecasted demand
for period 2.

(b) Those for other industries in which the demand was

always assumed constant.

The behaviour of the study was reasonably as expected.

' i
In the first case only month 2 demand was increased although the
indications were that there was a definite variation in month 3

which was slightly greater than that for month 2.

By making the allowance, one hopes-to e:qual demand but if the
increase in demand does not take place, ‘then one creates stock.
If the demand is greater than allowed for stock shortages occur

and the component is In arrears. i

The allowance made for month 2 was such as to satisfy demand

84 times out of a 100 but because no extra allowance was made for



month 3, over the 2 month period the ability to satisfy demand would ,' e

drop to approximately 67 times out of 100.

The relationship between stock and arrears would therefore have
been 67: 33 approximately whereas in the simulation it is 10697:7346
i, e. slightly worse. This can be expected as by not taking account
of month 3 variation which had the greater standard deviation then
the chances of being in arrears would increase and the stock:

arrears ratio decrease as was the case.

In case (b) when no allowance was made for variation in demand
the mean scrap rate was also assumed. Because the scrap rate is
a variable then failure to increase the scrap rate by a suitable
figure (as illustrated in Appendix ¢ ) would result in a possibility
of the result being as obtained. The final output per period will
fluctuate about the mean with an equal chance of 'being below as
above i. e. components in arrears Or in stock. Volume wise the

difference is small but considering the value of the work, the arrears

greatly exceed the stock.

The algebraic sum of thé’ differences for both cases combined is

slightly negative thus showing that we have met approximately the

mean demand. Again with a normal distribution one could expect

this but it is not really a practical situation.

To be truely effective an additional buffer or safety stock should



be introduced but this depends entirely upon company policy.

N. B. There is one school of thought that it pays the company to
be slightly in arrears thus ensuring that the customers goods inwards
inspection is realistic and not excessively rigid as is the case if

they receive components in advance of their requirements.

As with most companies a small percentage of components account

“for a large percentage of sales. In the case of the sponsoring

£,
company, for work considered: A

2% of the jobs 20% of sales )

)See Appendix H
25% of the jobs = 66% of sales ) .

The simulation showed that some of the larges variances occurred
on these jobs and therefore it is apparent that although the plan

is based upon an 8 week cycle, a close scrutiny should be made |
of these jobs at the end of the fouﬁh week when the schedule is
received. As one could expect witﬁ a normal distribution in the
case of the 2% jobs referred to above, one job had a positive

variance and the other a negative thus capcelling each other to_a

very great extent.

The resulting loads upon the casting machine groups were all
capable of being achieved within the restr('ictions given with the

exception of the 400 ton group, and this had to be modified. As

shown in 14. 1.
a9 -




The simulation gave the basic manufacturing programme and from:';“’ :

this the hours required to complete the programfne were obtained.

The small quantities resulting on some jobs had very little effect
upon the Machine Shop but in the case of the Foundry small run
jobs as shown by the simulation had to be considered for running

once every 2 cycles (or sixteen weeks) and these jobs have been

ringed in the results table given as Appendix. J.

14.1 MODIFICATION TO 400 TON GROUP LOADING TO ALLOW

FOR SETTING RESTRICTION:

........

Working from the simulated work load for 1 year as per the budget
(i. e. excluding the planned increases in certain machine utilisation

figures) the average number of set ups for each machine group are

as shown-
400 ton group
250 ton group
Reeds Group
D.C. 100 Group

Edgwicks

23 per 8 week
23 per 8 week
5 per 8 week
12 per 8 week .

2 per 8 week

and the total setting hours 281 per 8 week period.

The restrictions applicable to machine setting were therefore

met with only one exception,

namely the number of set ups

required on the 400 ton group of machines.
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To achieve the 85% machine utilisation required of this group
necessitated than an average each machine should work for

5 x 16 x 8x .85 hours per 2 month period = 544 hours
This figure is based upon an 8 hour working shift which means
that the company have additional capacity in the form of overtime
hours but the use of these will entail a premium payment;
Additional increased capacity is available if the operators return

an individual performance better than standard (see Appendix G).

The manufacturing schedules for the 400 ton group had therefore to
be changed in some form to enable the setting restrictions to be

fully complied with, the alternative being to reduce the figure for

machine utilisation (to 77. 5%) in order to enable the required number - -

of set ups to be made. This latter course was obviously undesirable

g

as it would result in a loss of contribution.

In addition to the actual tooling complexity there were two other
major factors which affected the time required to set the machine.
1. Whether the machine's back end had to be raised.
N. B. The machine had three positions in which the'
metal feed tube could be positioned and the position
depended upon the position of the filler hole in the die.

If the position of the feed tube had to be raised or

lowered it was referred to as 'raising or lowering the

back end.'




2. Whether major changes to the hydrauliés were .

required.

The majority of the components required neither of the above
and could therefore readily be interchanged. The components

were therefore first split into groups.

(a) Those that required the machine back end to be raised.

(b) Those that required major adjustments to the
hydraulics.

(c) Those that required both (a) and ~(b).

(d) Those that were readily interchangeable requiring

none of the abovve.

The full modified 400 ton group load is included in appendix J
but for illustration the load for July and August is given.

Fig. 14 - 1 gives the load as obtained from the simulation which

indicates 21 set ups are required. :




Back End(
Raised (

(

Hydraulics( 27

Changed (

Raised +
Hydraulic(

Machine
State

Raised
_plus
Hydraulics

Raised
Basic
Basic

Basic

Modified Press L.oad

Job~ Hours
No. per run:
25 154
33 203
34 234
92
29 47
30 318
26 321
22 165
23 128
31 118
32 118
28 116
24 99
20 262
21 169
400 Ton Press Load
FIG. 14 -1
Job Runs per
No. Compt.
(34 & 29 1
30 1
(33 & 27 1
25 & 26 1
22,23,31, & 32 1
20 1
28,24, & 21 1

FIG. 14 - 2
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Total
Hours

511
632
590

475
529
524
553

406
464
184
47

632
321
165
128
118
118
116

99
524
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the individual machine loads must be modified to the form shown

in Fig. 14 - 2.

To enable the criterian regarding the number of set ups to be met, “

Jobs that have'a common machine state e. g. back end raised, have

been kept together where possible but in compiling the table the

timing of the component in the Machine Shop cycle had to be

monitored so that components produced on the same casting machine

were not processed through the machine shop at the same time

on the same group. The machining periods of the above components

are given in Fig.14-3.

Casting - Job
Machine No. No.:
1. ' ' ) 34
) 29
2 30
3. ) 33
) 27
4, ) 25
) 26
) 22
5. ) 23
) 31
) 32
6 20
7 ) 28
) 24
) 21

Details of
Machining Period

No machine required
Last five days on groups
7 & 12 plus 1lst 4 on bench.

Continuous.

No machine required.
Approx. 2nd week Group 10.
Last 10 days Group 9.
First 6 days Group 9.
Day 5-12 Group 2
Day 1-4 15T Pfess
1st week 20T Press.
2nd week 20T Press.
Continuous

Day 5-8 15T Press.
Group 12 wks. 1 & 2
Group 7 days 1-13

Machining Period for 400 Ton Press Work

FIG, 14-3



In Figl4-2 it will be seen that machine number 4 has a relatively
light load for the period (475 hours) and this should always be

aimed for in order that the programme of planned maintenance

can be achieved.




CHAPTER 15 -

THE FACILITIES - OFFERED BY A COMPUTER 'BUREAU

Both the company and Parent Holding Company are too small to

be able to justify on financial grounds their own computer
installation but because in a management control system where
data has to be collected, analysed and issued as information, 'there
is much duplication of effort, consideration must be given to the

use of a commercial computer organisation.

With the present industrial climate still having a major effect upon
the inflow of work to Sage Aluminium both machines and operators
are much under-utilised and one could be excused for discounting

the need to consider using the facilities of a computer bureau.

Thére are four main ways in which data can be transmitted to a

bureau:

(a) | By means of a computer terminal installed in the factory

and linked by land line to the computer installation.

(b) By having either a card punch or tape punch in the factory

v

and transfer the data from the records onto the recording medium.

(c) By sending the data on prepared forms to the computer

bureau who will themselves transfer this into the computer input form.
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(d) Use a form of tape recording where the data is recorded
by the company onto magnetic tape held in a cassette and this is

sent to the bureau for processing through the computer.

Given any of the above facilities one can often use the same basic
input data to perform a number of different calculations to give

varying output information.

It was undesirable to introduce a manual system of control that was
not capable of being transferred to a computer with the minimum of
interference or re-design and as the manual system was to be
installed first this had a bearing on the approach used to transmit

data.

The documents containing the data requiring transmission would
be in existence by the manual system and the aim was therefore

to use these where possible.

Using proposal (a) above would have satisfied the requirements
but would have meant that the performance was subject to the
reliability of the apparatus and also the reliability of the land link,

thus the probability of the failure of the system was a function of

the individual reliabilities.

»

Proposal (c) was the cheapest on capital outlay by the company

but when the variable operating costs were considered it became
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less favourable.

Proposal (b) and (d) were very similar in substance but varyi ng

in ease of application.

Both enable a display to be given to the person recording the
data thus enabling them to check the accuracy of the message.
With proposal (b) the display was printed as the tape was punched
and any error necessitated an error signal being superimposed
and the correct symbol then punched. With proposal (d), as the
operator entered the data through the keyboard a visual display |
was shown and no entry was made on the magnetic tape until the
operator pressed the entry key, this only being done after the

display was checked against the actual data.

It was this feature, coupled with the ease of transporting
cassettes that resulted in the choice of proposal (d) to be

considered in evaluating any proposal.

To calculate an operators pay, the Wages Department require to

know the following data:

1. The operators identification number.

2. The time started and time finished work.
3. ~ Time on/off individual jobs or activities.
4. Deductions i. e. tax.

d. Basic wage details.
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Where the operator is on production work to calculate any bonus

or performance analysis the wages section also need to know:

6. The standard time per unit.

7. The quantity produced.

If to this information is added :

8. Material details.

9. Setting time details.

10. | Scrap and rectification details.
11. Cost centres applicable.

then the Cost Department can calculate costs incurred and

compare performances-

Add to these items:

12. Details of machine group.

13. Quantity required per individual order.
14. Operational sequence.

15. Delivery dates.

16. Individual order numbers.

then the Production Control function can do its task.

Under the manual system proposed the majority of the above items

will be shown on the proposed Operation Summary Sheet. The
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computer bureau could therefore form four basic files: |

(a) Operator personal details.

(b) \ Operational summary,

(c) Machine loading and cost. |
(d) Order file.

A local computer bureau who had previously approached the company

with regards to payroll preparation were approached as to the

feasibility of the proposal.

Being organised on a modular basis they were able to offer the

following package variations:

(a) ‘Their standard payroll analysis only.
(b) Their standard payroll modified to give not only
payroll details but also operator and departmental

performance analysis. s

They had no production control package as such but through a
consultant could have made available a package which would
have analysed the order input and produced a manufacturing
schedule. The actual programme could be modified to give
as additional outputs:

(a) Operator and departmental performance.

(b) Forecast of the future value of sales orders based

upon the customers schedules.

“- NN o



Being a commercial organisation, they themselves would have

to work to a programme and so to be able to meet their demands, .
Sage Aluminium would have to more or less guarantee that data
would be deliv‘ered to the bureau by the time stated or else they
would run the risk of their work being left out of the bureau's

computer running schedule.

This in effect is one of the benefits of a computer in that the
people who create the input become disciplined into organising

their resources to meet such critical factors.

Details were given to the bureau of the anticipated work volume
that would be required (as used for the manual system) and an
approximate cost obtained from them. This is given in

Appendix E  with the cost of the manual system.
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CHAPTER 16

DISCUSSION' OF RESULTS-

The machines were re-grouped into the form shown in Fig. 12-1
during the Christmas shut-down in 1973. This period unfortunately
coincided with the National emergency calling for a three day working
week which so far as the sponsoring company was concerned, -
resulted in not only a restriction on their production facilities, but
also a drastic modification to cuétomer schedules With a number of

components being shown as nil requirements.

The effect on the manufacturing system was an immediate removal
of pressures for delivery by the customers which made the
Managers reluctant to change tools on a machine when there was
an empty machineavailableelsewhere, thus causing an inability

to use a machine flow line when components became available

because a machine was being used on another job.

The management have been provided with a list of jobs and their
associated machine group number and a schedule based on average

demand, in the form of a GANTT chart showing how the jobs are to

be sequenced.

Implementation has commenced but full implementation is dependent
upon normal working conditions being resumed. The casting plant

is still running below budgeted capacity, the total casting requirements
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for April and May being (for all groups) 1611 and 3922 hours
respectively as against a budget total of 6088 hours. There is
still therefore very little pressure on the manufacturing units to

meet demand and this state is forecasted to last until June/July, 1974

at the earliest.

There are plans to change the mix of casting machines (a process
already started) which will possibly change the pattern of
secondary machine requirements. | Provided any new requirements
are within the capacity of the existing machines then a move of
machines can be quickly made due ‘to the in-built flexibility and

this has been shown to be achievable.

Once the volume of work has returned to normal capacity , then

more effective use should be made of the machine groups.

Where operators work in groups the average performance index
figure is 152 whilst when working as individuals the average

is 113. Thus there is a potential increase of 34%. Taking the
smallest group performance figure 135 and the>highest weekly

average individual performance 118, there is still a potential

increase of 11%.

The few groups that are working reasonably effectively are showing
a consistent output which is one of the advantages of flow line

working but one cannot safetly pass comment on the operators
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earnings because of the present work load.

The proposal to change the point of inspection to immediately

after the casting process is still the subject of senior management
discussions. Working on the basis of the machihes operating in
groups with the number of operators as stated in this work there

is a potential saving of £2191 per year on direct labour. Onto this
must be added the variable overhead but as the company do not

split their overhead a value for this cannot be given. As they
would still have a sampling inspection after machining then possibly

the cost of this could be met from the reduction in variable overhead.

Initially it was hoped that the work done by Griff-iths (33) into Rota .
Cycle Scheduling would be applicable to the foundry but the load :
on the Setters and machines, as given by the simulated work load,
has indicated that although in theory it could be applied because of '
system restrictions, it must be modified to broduce components‘
at a frequency of -

once per 8 week cycle

twice per 8 week cycle

once per 16 week cycle

or to class them as a continuously running job or at least leaving

the tools set on the machine.

The number of runs of a component is a function of the square of the cost

of and demand for the component, In both cases these were relatively
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high at Sage Aluminium in relation to the work done by Griffiths (33).
It was these factors which tended to produce a demand for a
component four times per eight week cycle but this was found

impractical to applydie to the setting restriction.

The combination of -

(i) High component cost.
(ii) High volume demand.
(iii) Low machine setting availability -

must be considered in future attempts at producing a cyclic

schedule in this type of batch producing industry.

The proposed monitoring procedure suggested for the customers
schedule behaved reasonably as expected in the simulation run but

to be of practical use the error must be continuously monitored and
corrections made to the distribution if these are considered necessary.
(This is in effect the closed loop principle being applied to the

"monitoring procedure).

Dependent upon the company being prepared to make the necessary
financial resources available to provide for stock then the
calculated demand errors should be applied to both the second

and third months of the customers schedule which will enable

a small buffer stock to become available to meet a sudden

increased demand which the simulation study showed was required.
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The proposed procedure for modifying the customers forecast of demand

whilst being similar to the rule developed by Deziel (48) differs

in that -

(a) Deziel was attempting to produce a rule for products
which were placed into store for subsequent issue
to assembly points. The forecast on which the
production quantity was based was fixed by the company's
own staff.
In the present work the forecast was given by the
customer and delivery was made direct to him and not

into a store.

(b) Incorporated into Deziel's rule was a buffer stock the
value of which was entirely within the control’of the
company and was dependent upon the level of service
required to be given. The company could increase or
decrease this at will dependent upon the long term
forecast of demand made internally and therefore the

amount of risk involved was within their own control.

The proposed rule for the sponsoring company in
attempting to meet demand 84 times out of a 100

will cause a buffer stock to be created but the size of
this will be dependent upon the customers forecast of |

demand and the previous error. The risk incurred

100




by the company is therefore partly controlled by an

outside body.

(c) The smoothing factor proposed by Deziel was based
upon the exponential forecasting technique whilst
the proposal is based upon the degree of error in the

forecast.

Both rules have two general points in common -

1. The primary consideration was that the rule should

be simple to apply.

2. They acknowledge that some degree of subjective
judgement is still required to be made by the Production

Controller.

The acknowledgement of a need to continually monitor the

parameters used to define the demand errors does, however, mean
that the values quoted in this work cannot be immediately applied
without checking against the present customer schedules. There is a
possibility that in the light of experience gained during the

industrial emergency that the customers may have changed their

own forecasting procedures. The earliest these new parameters would

be known is October/November 1974 and this will only allow three

months data to be analysed.
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To control the actual manufacturing system the company have . :

the choice of either the manual system proposed or this systeﬁl :

modified to make use of the facilities offered by a computer

bureau.

On the present product mix measured in terms of cost

effectiveness, the manual system is still the more attractive

because of -

(c)

The cost of a female wages clerk might be saved if the
payroll system was adopted but this would leave no
available spare operator capacity if the full production
control function was put onto the computer. There is
thus a danger that the system could cease to function |

because of the lack of data input.

To run the production control system still requires a
person in the form of a Production Controller to do
the initial vetting of the customers demand and to say

whether the resulting computer output is practical.

A liaison Clerk is still required between the customer

and the company.

A female Clerk, in attendance full time at the booking

office is still required to issue work to the operators.
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There 1s thus no immediate saving in operator costs and therefore,. :

on the criterian of effectiveness the manual system is preferable.

On the criterian of cost benefits (i. e. additional benefits that

may accrue to the company) then these will depend to a large

extent on future management policy.

If they consider adopting budgetary control then the associated
costs and analysis required could be obtained with very little
additional input to the computer,whereas to be done manually would

involve additional manpower being employed.

Similarly stock control could easily be performed with little
additional input required, the main work being required at the
computer bureau to design a system of data retrieval from

the present input in order to up-date the stock records. There
would however be an initial high cost but the running costs would

then be relatively small in comparison to a manual stock control

system.

The possible benefits are therefore attractive but it depends

upon future policy.

A computer does require the people operating the system to become
disciplined and to make quick decisions and process these quickly,

which is an additional benefit. A trivial point, but the author
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has had to wait 5/6 months for information from Senior Management'

which one cannot afford to do if a computer output is to be

useful - the output is entirely dependent upon the input for its

accuracy. .
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CHAPTER 17

FUTURE WORK:

With respect to the sponsoring company a statement of the new
manufacturing budget is of utmost importance to enable management
to plan ahead and satisfy doubts that exist within the company as to

its future viability.

The system proposed and partially installed must be fully
implemented and in conjunction with this implementation tests
made (possibly using a computer simulation) to establish the
variation in the demand that is permissible before the distribution

parameters have to be revised.

Using the operation summary sheets that have been prepared for
existing jobs and are being prepared for new jobs, then a procedure
must be given to the Accounts Section on how to interprete the
information given and to use this to analyse cost variances on a

more reliable basis rather than opinion as at present.

The additional labour cost to the company resulting from the use
of a computer bureau in this instaﬁce, is small because of the
low product variation. The effect of the manufac’;uring system
on the cost of operating the control system should be considered

for other companies of varying size and engaged upon batch

production in an attempt to formulate rules or guide lines to
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assist in the choice of control systems.

Whilst the individual company may be hard pressed to justify
the purchase of its own computer (due not to the hardware cost

but to the cost of the supporting system) this aspect should be

considered in the proposal.

Work is already proceeding at the University of Aston under the
author's supervision to investigate the human problems involved
in introducing manufacturing systems based upon Group
Technology principles. The present work has demonstrated the
need to extend this work into the human aspects of all
manufacturing systems in order to establish the reasons fqr thg |
" full or partial rejection of a system by management; this latter
point also being stressed by Professor Eilon in his closing o
remarks to the session Chairgd by himself at the 2nd

International Conference on Production Research.
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CHAPTER 18

CONCLUSIONS

If an effective ecaomical manufacturing unit is to be
formed. management must recognise that the Foundry

and Machine Shop are both dependent upon each other.

Senior Management must recognise that they are members
of a team each accountable to the Managing Director
for his own work, but also having a moral

responsibil ity to fellow Managers.

Before a control system can be designed the
manufacturing system must be designed and its

limitations or applicable restrictions made known.

To control production an estimate must be made of the

customers final demand and a programme produced on

this estimate.

The technique proposed and checked by means of a

simulation will enable this estimate to be made.

Because an estimate is invariably wrong. the monitoring

procedure must be rigidly applied to the analysis of

demand.
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The technique of rota cycle scheduling is not fully

applicable to the present situation in the Foundry because

of the restrictions due mainly to setting capacity.

Component Flow Analysis is a simple technique which
can be applied to companies where the volume of work does not

justify an analysis based upon some classification system:.

To enable component flow analysis to be effectively

AND
carried out requiremenks,details of the product manufacturing

process, component demand and machine capabilities need

to be known. ’ .

The more accurate are the above details known, the

more effective will be the resultant analysis.

By application of machine group principles using operators

who are flexible the work load on the Production Control

function is much simplified.

The supporting works documentation is reduced in a -
group technology situation due to a cell or flow line

being classed as one operation.

Component Flow Analysis technique can be applied to

the Machine Shop to formulate group flow lines.
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Although the operators on these flow lines are fully
flexible, the operation of the lines is restricted by the’

operators reluctance to move work.

To avoid stoppages in the Machine Shop due to lack of
work, the work load pattern in the Foundry must be

balanced to the available Machine Shop capacity.

The work in both the Foundry and Machine Shop should
be displayed by means of GANTT charts which must
be updated twice weekly and this will enable manual

balancing of the work load to be more readily achieved.

The number of machines in the Machine Shop is greater .
than the number of operators. The output is therefore

operator controlled.

Flexibility is therefore required of the operators and
in preparing the Machine Shop schedule the resource

'operator availability' must be taken into account.
To enable an effective control system to be maintained

the quantity or weight of components must be known

at each stage of manufacture.
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The policy to be adopted for counting the components

must be decided by management as a matter of urgency..

The. position of the 100% inspection should be changed
from the final operation to one immediately after the
component is cast and prior to machining. This will
not only save casﬁ outflow by not machining scrap bﬁt

may offer a temporary solution to the counting problem.

- To monitor performances of both operators and
departments, performance analysis should be
undertaken and the value of lost time allocated to the

department responsible.

Operation summary sheets should be completed and
maintained and these will then become the standard

cost for the component referred to.

The estimate should be compared with the final
operation summary sheet and variations noted which

will improve the accuracy of new estimates.

Whilst cost-effectiveness is a simple technique to use
to compare systems, cost -benefit analysis in relation

to future objectives of a company should also be
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considered before a final decision is made.

26.

217.

28.

When considering costs only relevant costs must be

considered.

Although initially a manual system of control is
considered to be the most effective, the future benefits
to be obtained from the use of a computer bureau are

attractive dependent upon future company policy.
The purchase of the company's own computer would

not give a suitable return on investment due to the

high systems costs involved.

- 120 -




APPENDIX A

ERRORS IN FORECASTED DEMAND:

Demand Analysis Sheet.

Ratio of Actual Monthly Demand to Average
Monthly Demand.

Ratio of Forecast in Period 2 to eventual
Demand.

Ratio of Forecast in Period 3 to Eventual Demand.

Ratio of Highest Monthly Demand to Average
Monthly Derpand for Components Supplied to
the Car Industry.

Histogram of Errors in Forecast for Period 2.

Histogfam of Brrors in Forecast for Period 3.
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RANGHE FREQUENCY
2350 - «399 5
.£400 - oL49 0
450 - 499 ]
+500 - 549 3 ,
+520 - +599 1
.600 - - 649 ' .
650 - 699 ]
700 - 749 .
. 750 - .799 -
.800 - .89 5
.850 - _ .899 7
.900 /- 949 10
950 - <999 v 9
1.000 - 1.0,9 6
1.050 - 1.099
1.100 - 1.149 10
1.150 - 1.199 10
1.200 - - 1.249 3
1.250 - 1.299 g8
1.300 - 1.349 3
1350 - 1.399 ;
1.400 - 1.449 0
1.450 - 1.499 1
1.500 - 1.549 2
1.550 - 1.599 3
1.600 - 1.649 0
1.650 - 1.699 1
1.700 - 1.749 0
1.750 . - 1.799 1
1.800 - 1.849 1
MEAN = 1.015
STANDARD DEVIATION = 3279
RATIO OF ACTUAL MONTHLY _DEMAND TO AVERAGE MONTHIY DEMAND
FOR INDIVIDUAL COMPONENTS
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BoANGE FREQUENCY
500 - 549 .
550 - .599 3
.600 - 649 5
650 - .699 2
700 - 749 ,
<750 - « 799 A
.800 - .89 6
.850 - .899 o
.900 - . .99 11
2950 - <999 16
1.000 - 1.049 13
1.050 - 1.099 11
1,100 - 1.149 3
1:150 - 1.199 3
1.200 -~ 1.249 4
1.250 - : 1.299 1
1.300 - 1.349 0
1.350 - 1.399 1
1.400 - 1.449 3
1.450 - 1.449 0
1,500 - - 3

MEAN = .9669

STANDARD DEVIATION = 238

RATIO OF FORECAST MADE IN PERIOD 2 TO

EVENTUAL ACTUAL DEMAND
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RANGE FREQUENCY
+500 - 549 0
+550 - £599 ]
.600 - 649 1
-650 - 699 2
.700 - 749 3
- 750 - -799 1
300 - .89 4
+845 - .899 10
-900 - 949 g
950 - 999 6

1.000 - 1.049 5

1,050 - 1.099 L

1.100 - _ 1.149 3

1.150 - 1.199 2

1.200 - 1.249 2

1.250 - 1.299 2

1.300 - 1.349 0

1.350 - 1.399 2

1.400 - 1.449 0

1.450 - 1.499 1

1.500 - 3
MEAN = 1.018

STANDARD DEVIATION = .273

RATIO OF FORECAST MADE 1IN PERIOD 3 TO EVENTUAL

ACTUAL DEMAND
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Refe.

Highest

Vo. Q Avegage %f%: Remarks
- 1022 812 1.26
54, 27105 22564, 1.2
2 ?185 2480 1.28
3 17904 15245 1.7
7888 6692 1.18
9 9685 7631 1.27
14 2104 1351 1.56 Suspect cause
17 4000 1633 2.5 Suspect cause
17 64,000 49107 1.3
22 3000 2146 1.4
24, 1500 1016 1.48
27 40352 31999 1.26
28 1600 1425 1.12
31 4056 3119 1.3
34 14916 12636 1.18
36 20152 14924 - 1.35
38 230886 200444, 1.15
40 1416 917 1.54 Suspect cause
41 23960 15420 1.55 Suspect cause
L2 1256 705 1.78 Suspect cause
51a 62492 /8864, 1.28
52 19522 12552 1.56 Suspect cause
56 21625 12819 1.69 Suspect cause
33 2500 2062 1.21 |

MEAN VALUE = 1.258

STANDARD DEVIATION = .093

1 Standard De

gives value of (1.258 + .093

RATIO OF HIGHEST MONTHILY DEMAND TO

viation to right of mean

) = 1.35

AVERAGE MONTHIY DEMAND

OF COMPONENTS SUPPLIED TO THE C

AR INDUSTRY.
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APPENDIX ‘B

INSPECTION

B. 1 Cost of Counting Components;

Inspection as Final Operation.
B. 2 Position of Present Inspection.
B. 3 Machine Scrap losses and Resulting

Cash Saving by Changing Position of

inspection.
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COST OF COUNTING COMPONENTS BY MANUAL AND WEIGH

COUNTING METHODS IF INSPECTION REMAINS AS FINAL
OPERATION « v vt e i

COUNTING - Hours for Fork Lift Truck

1. 60% of casting section doing work, capable of being
weigh counted.

2. Allow two pallets per operator.
3. Allow 32 operators.
4, Number of operators on suitable work
= 32x.6
= 19.2
Say 20
0. Number of pallets to count 40.
6. Estimated time per pallet is 5 mins. Therefore
time = 3% hours.

COST OF PROPOSAL £/40 hr.

1 Leading Counter (Male as Storekeeper) 32

2 Female Counters (as Inspectors including
timekeeping bonus) _ 39

Part Fork Lift Truck (35 x 5) x 26

40 10. 5

81. 5

Increase in overhead for three additional

staff 11% of £71 ' 7.9

(R

TOTAL £89. 4
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Item Inspection Item Inspection
2 2 28 1 |
> 2 29 2
“ 2 30 2 |
° 2 31 2
6 2 32 2
7 2 33 1
& L 34 1
? 1 35 2
10 1 36 5
11 1 37 5
12 1 38 2
13 - 39 1
14 1 40 1
15 1 41 2
16 1 L2 2
17 1 43 2
18 2 A 5
19 1 45 2
20 1 46 2
21 47 2
22 2 .8 2
R3 2 49 2
24 2 50 2
25 2 51 2
26 2 52 2
27 2 53 2
54, 2
Inspection Code: 1 = Tnspection after casting
5 = Tnspection after machining
POSITION OF PRESENT INSPECTION
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i;zap Std. Hours| Std. Hours| No. of l Total 5
- rhfl per 100 Scrap per Operators Scrap Std. i
chines Operator in team Hours =~ |
48,539 25 121.
o | s | ene L e
11,018 | 1.47 162.0 5 324,
21,759 25 544 2 108.8
2,606 024, 6.3 1 6‘3
2,906 | 1.75 50.9 1 50.9
10,818 .80 86.6 1 86.6
9,358 .69 6/,.6 2 129.2
19,763 28 554 1 554
3,600 | 3.80 136.8 2 273.6
20,322 .35 71.2 3 213.6
12,678 | ~.33 41.9 1 41.9
4,516 257 11.3 A 452
6,901 | .50 3445 2 69.
102,303 | .50 511.5 A 2046.
3,257 .38 1244 1 12.4
2,751 .38 10.5 1 10.5
18,130 .20 36.3 1 36.3
29,406 .0 117.6 1 117.6
1,149 24 2.8 2 5.6
22,854 e R2 50.3 3 150.9 ’
7,057 .17 12. 2 240
3,641 22 8.1 2 16.2
8,831 .17 15.1 1 15.1
786 24 1.9 2 3.8 §
1,584 o2l 3.8 2 7.6 é
6,369 | +30 19.1 2 38.2 %
1,869 .50 9.4, 1 9.4 |
10,85/, .25 27.2 1 27.2
1,99 | .35 7.0 2 14.0
12,746 .25 31.9 1 31.9
23,195 26 60,3 2 120.6
7,310 24 17.6 2 3542
TOTAL LOST HOURS 4, 761.6

MACHINE SCRAP LOSSES OVER 14 MONTH PERIOD.
OPERATORS ON DIRECT INCENTIVE.
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Refs Scrap ~Allowed Total Hours

Ml Male

N m - Female
O Lrom ours per | Scrapped or Hours Hours
Machines | 100 F| Scrap Scrap
25 20,322 .50 | 102. F 0
29 6,901 | 1.00 69. F oo
30 102,302 50 512, F 512
38 1,149 -20 3. P 3.
49 1,869 40 8. M| 8.
52 12,746 .10 13, M| 13.
3 45,031 «33 150, M{150,
6 2,606 .53 1. Ml 14.
18 10,818 2,0 Lo M| 44
TOTAL HOURS SCRAP 229. 686,
MACHINE SCRAP LOSSES OVER 1/ MONTH PERIOD
OPERATORS ON TIMEWORK ' )
COST OF SCRAP
Operators on Direct Incentive .
4761.6 std. Hrs. at L6.1p .= £2,190
Male Operators on timework
229 hrs. at 56p. = £ 128
Female Operators on timework
686 hrs at 35D = £ 20
Cost over 14 months = £2,558
Therefore cost over 12 months = £2,191

N& Tiis ToTA- SAaving wWouly Rz
e Aurownnce & MADE Fo e

lMmPRoveED ConNTRIBUTION To Overueny

R ecoverY-
133
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APPENDIX -C»

DOCUMENTATION

C.1 Pallet Identification Card (existing).

C.2 Foundry Production Record (existing).

C.3 Machine Operators Card (existing).

C. 4 Machine Operators Cards (existing)
(Rectification & Indirect Work)

C.5 Operation Summary Sheet.

C.6 Schedule Analysis Sheet.

C. 17 Foundry Make Card.

C.8 Operators Weekly Record Card.

C.9 Operators Performance Summary Sheet.

C. 10 Weekly Departmental Summary Sheet.
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1F WATTING INDIC/ATE RCASON WHY
“
WALTING WO WAITING INSPECTICN !
[P UPURPU NS IS SO 1
WAITING 5ETITR WAITIIG MiTAL ;
— S — i
WATING TOOLRUGM MACHINT BREAKDOWN :
QUANTITY 12 RATE - QUANTITY | S10. RATE
MON. MY,
TUE. - PER 100 TUE. PEA 100
ACTUAL RATE IF OTHER THAN ‘ ACTUAL RATE IF OTHER THAN
WED. STD. RATE : |_NED. STO. RATE
THUR. THU.
AL PER e FRI. ) ) PER
RATE SIGN COST CODE - HATE SIGN €OST CODE
SAT. £t AT,
TOTAL , o ToTAL
VALUE . VARIANCE VALUE . —{ VARIANCE
+ — xx - -~
s !
Dotaset Limited 0729375002 Printed in tho UK. , Dataset Limitod 07-20375-003  Printedin the UK. i
. @ v \
N lj " -
. . 4‘./. : ) . R -
e . ~.
. T i < s 7 < (‘v !
. . L, ‘ )
. ' ” . ‘ i t
e { |
~ ' . 3
. R P « N , '
; - 138 - , T
&’ . \ - ‘ .




gsq99ys Jo 199US

139

qoys dod —m—————=-- 158D 0T
% % 00T opBI)
Jad ) °0
SyIewey *q09y dexog Sanoy JNoqe] SUTYOBR wotadTaoseq uoTiexedQ .QM
: snsSsT 18TTBd DPIBPUBIS
Jo 91B(d Jad Lytruend)
*oN°JsY 9 pomoTTe dBxog ooT xed *0adg
wnTuTUnTy ©5eS PIBPUBLG A U3 TN *18N
*op 3IBJ JISWOLSTY JOUO0L ST 18]

IFHHS  KMVWANS  NOILVHHEdO




 SAGE ALUMINIUM PRODUCTS LTD.

Customer

Customer Ref. No.

Sage Aluminium Ref. No.

CUSTOMER SCHEDULE NO: . Dated .

" |2nd Month Demand |-
,wam Month Variance Allowance

wwm Month Demand

ITEM % | QUANTITY MAKING INSTRUCTIONS
,wwwmmﬁm on Date of Issue - Cast , Batches of Units
 lcurrent Month Demand . ] -
Machine Batches of Units

" Iscrap Allowance

1. Total for Schedule
Available from previous
schedule

TOTAL TO MAXE

m

TOTAL AVAILABLE TO NEXT SCHEDULE

CUSTOMER ESTIMATE OF FUTURE REQUIREMENTS

1. Total for this schedule =
Plus returns during period
of this schedule =

Iess despatched during
period of this schedule

TOTAL AVAILABIE TO
NEXT SCHEDULE

MONTH

QUANTITY
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SAGE ALUMINIUM PRODUCTS LTD.

OPERATOR

CLOCK NO

WEEK ENDING

Component No. Operator | Clocked
No, Hours

(a)

Standard
Hours

Farned-

(o)

NON - PRODUCTIVE TIME ANAIYSIS

DAY

CODE  NUMBER

Total Daily

3 4 5 6

Tost Hours

Weekly Total

(¢) Total Non-Productive Hours

TOTAL HOURS

Operator Performance

Overall Performance

PAYMEN

Basic

Bonus Std. Hrs., @

Non-Prod. Clock Hrs.

Premium Payment Hrs.
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APPENDIX ‘D

MACHINE GROUPING DETAILS:

D.1

D.3

Analysis Sheets

Components Produced on Machine Groups.

Hours Required per Month on Machine Groups.

Group Combination.

Component Allocati
Machines.

Operator Performance Indices
(Individual and Group Working)

Gantt Chart for Machine Shbp.

on to Groups and Individual
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Ref.| Budget | Inclusive| Scrap | Total Machine Other

No. | Monthly| of 35% make
Qo Car Indy.| % Quantity|5T. | 15T.|20T.| Operations
400 TON PRESS
23 7,000 | 9,450 20 11,340 X
26 | 10,000 113,500 8 14,580 |x
28 3,700 45995 7 5,344 X
31 2,000 - 10 2,200 ' x
32 2,000 - 10 2,200 Clx
3/, | 28,400 - 5 29,820 Bench

250 TON PRESS

6 | 2,400 | 3,240 6 3,434 | | %
8 6,300 8,505 8 © 9,185 Tinish
9 1,100 1,485 8 1,603 Linish
10 3,600 - 10 3,960 X Bench
11 | 3,000 - | 10 3,300 x .
12 2,900 - 10 3,190 X
13 1,000 - 10 1,100 X
14 3,600 - 10+ | 3,960 X
15 | 4,500 - 10 4,950 | Bench
16 4,500 - 10 4,950 Bench
17 1,800 ~ 10 1,980 o ox
REED PRESS
35 3,400 - 10 3,740 x
36 | 5,900 | 7,965 20 9,558 | x
37 | 7,100 | 9,585 25 11,981 | * | %
40 2,300 - 5 2,415 | x
DC_100 PRESS .
49 3,000 - 5 3,150 ’ xx
50 | 3,900 | 5,265 15 6,054 | x

UNTTS PRODUCED ON MACHINE GROUP. 4a
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e

HOURS REQUIRED PER MONTH ON MACHINE GROUP TO MEET TOTAL DEMAND

GROUP_1

5 Ton
Fobceco

Elliob

GROUP 2
15 Ton
Fobco

Elliot

GROUP
5 Ton

1lst Fobco
2nd Fobco

Elliot

GROUP 4

5 Ton
15 Ton
20 Ton
Fobco

Elliob

GROUP Za
5 Ton

15 Ton

20 Ton

Present
Toad

80
68

131

34
17

292
250
250

34

b5
575
57
32
429

L6

111

212

Planned

Increase

73
63

120

31
26
26

15

20

15

18

34

Total

153

131

251

36
18

276

276

38

460
595
59
34

54

129

246
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GROUP COMBINATION AND MANNING

'GROUPS 1 & 2 COMBINED require folldwing hours per month:

5
15

ton

ton

Fobco

Flliot

153 hours

36 hours

157 hours

292 hours

Using / operators gives work distribution:

1 Operator on
1 Operator on

2  Operators on
plus 15 ton.

MACHINE GROUP IS

(a) 1 -5 ton

1~ 15 ton
1l -~ Fobco
2 - FElliots

(b) 2_Groups

1~ 5 ton
1 - 15 ton
1 - Fobco
1 - Elliot

5 ton
Fobeo

Elliot

I

I}

153 hours
1517 hours

292 hours

THEREFORE EITHER:

)
)
)
)
)
)
)

4, Operators

2 Operators

-

158 -

101 P.T.

102.5 P.I.

99.3 PaI.

1 -5 ton
1 ~ Fobco

1 - Elliot

)
)
g 2 Operators
)




- GROUP__ 3

HOURS PER MONTH REQUIRED:

5 ton - 323 hours
Fobeco (1) - 276 hours
Fobco (2) - 276 hours
Elliot - 38 hours

Using 2 teams of 3 Operators gives work distribution per team:

1 Operator on 5 ton = 161l.5 hours = 109 P.I.
1 Operator on Fobco (1)

+ 4 Flliot = 147.5 hours = 100 P.I.
1 Operator on Fobco (2)

+ 4 Elliot = 147.5 hours = 100 P.I.

N.B. 1 Group also to have a 15 ton press linked into line

to allow for Item No. 2 (F.38)

- 159 -




Group Item Operation Number Standard  Approx.
No. Ref. No. Sheet No. of - Hours Job Duration

Operators per 100 in days/month

Group 1 42l

L7

45

53

5

Group 2 43
L6

22

51

54

38

Group 3 41
Group 4 2
Group 5 4
Group 6 20
Group 7 21
29

Group 8 30
Group 9 26
36

25
Group 10 27
3

Group 11 18
Group 12 24
29

F40 2 A7 2

53 2 .30 3.5
F, 2 2/ 1.5
F7 2 .26 2
27 2 .25 11
F22 2 .22 2.5
F28 2 W24 1
F36 2 69 8

41 2 .35 2

F35 2 2 2
F37 2 24 1

F9 3 .22 Cont.
F38 3 . .25 Cont.
34 2 1.47 Cont..
F51a 3 .2 Conte.
F54, 3 L3 13

6/, 2 5% 5

39 3 '.5 Cont.
13 1 .20 2

14 3 <35 11
37 2 .25 L

™7 4 15 9

65 1 .8 8

F31 1 3.8 8

64, 2 o5% 5

#Worked as 1 group by 2 operators.

COMPONENTS ~ALLOCATED TO MACHINE GROUPS

.. 160 -



Ttem 0 s : .
Ref. No. Sﬁiﬁtﬁ? Ig;;riors Elzlalrnia;ir ?ﬁgﬁﬁ:ﬁiﬁ
100 in days/month
50 34 1 .25 ) ’
39 . F11 1 1.03+ 4
Le o F4 1 A7 2
40 91 1 .22 1
23 F3 1 .28 4
37 62 1 4,0% 4
49 88 1 .50 3
10 96 1 .3 >
28 40 1 «33 2
7 63 1 1.75 1
6 F2 1 .24 1.5
17 78 1 .33 1
31 86 1 .38 1
32 87 1 .38
12 - 83 1 .30 1.5
13 83 1 .30 1
37 62 -1 see 15 ton* 4
14 82 1 .30 1.5
10 9% 1 .30 1
11 96 1 .30 1.5
39 F11 1 gee 5 tont 1
7 63 1 1.75 3
29 64 1 - b
10 96 1 - 2
6 F2 1 - 2
20 F51a 1 - Conte.
21 54 1 - Conte
COMPONENTS ALIOCATED TO INDIVIDUAL MACHINES

161




OCCURRENCES

SAMPLE OF INDIVIDUAL MACHINE OPERATORS PERFORMANCE

INDICES

ACTUAL MEAN = 113.7

162



PERFORMANCE INDICES FROM OPERATORS ON FLOW LINES

138

163

157

137

171

146

164

143

161

161

144

135

147

160

154

163 B

MEAN =

152

Sk s G
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APPENDIX ‘E:

COSTS ASSOCIATED ‘WITH CONTROL SYSTEMS

E. 1 Manual System

E. 2 System Using Computer Bureau.




CALCULATION OF WORK LOAD ON PRODUCTION CONTROL
PERSONNEL -~ MANUAL SYSTEM: - - - - c

Shop Bookmg Clerk

Basic Element ° Time (secs)
1. Once/week/operator - originate weekly card 32
2. Per Foundry Operator - analyse Kienzle disc. 120
3. Per M/c shop operator - originate work card. 20
4. Per M/c shop operator - close work card. 9
5. Per operator - fill in work card - per entryv 20
6. Per operation - find work card - per occurrence 15
7. Per operation - file work card - per occurrence 7

Record s Clefk

Basic Element

8. Enter Foundry output - per entry , 53
9. TEnter despatch and returns - per entry 53
10. Calculate shot rate - per entry 20

Operators (present complem ent)

BN

Foundry - 42

Average number of entries/day/operator = 1. 35

Machine Shop - 34

Average number of entries/day/operator = 2.0
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RESULTANT WORKS LLOADS

Shop Clerk
FOUNDRY
Element Occurrences/day Time per day
(mins)
2 42 84
5,6 & 7 42 30
114
5, 6 & 7 42 x . 35 10. 5
) 124.5
MACHINE SHOP
6 & 7 34 12.5
3,4 & 5 68 55.5
68.0
Basic work per day = 125 + 68 = 193 mins.
Weekly work
(42 + 34) x Element 1 &7 = 50 mins.

r
Total weekly load

5 (193) + 50

n

17 hours

~~~~~~~~
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RECORDS CLERK

Element Occurrences/day Time per day\‘,‘
(mins)
8 ’ ‘ 42 | 37 mins
9 - 30 27 mins
10 42 14 mins
68 mins

1

Total Weekly load = 5 x 638

6 hours.

Monthly Work by Records Clerk .

Enter details of new schedules in book
Element 6 + Element 4 x ( 2x 6) = 123 secs/order

Approx. 60 orders total = 123 mins/month

Calculate value of 2 ‘months ‘sales

(9 + 14 + 9) as U/G study = 148 secs/item/month

fl

120 x 148 for 2 months

n

296 mins.

Monthly load = 420 mins.

= 7 hours

S

Approximate average weekly clerical load (i. e. ignoring

customerliaison)

i

6+ 7/4

3 hours

aomt——————————




For each order received

analyse requirements

check stock

i

consult make chart for W. 1. P.

determine batch sizes

write on document

Formulate Foundry programme
Formulate Machine Shop programme
Write job cards

File job cards and schedules

TOTAL monthly additional work

Extra for Gantt Chart Work

Proposal up date twice/week

= (2 x 75) x 60 = 150 mins.

1

1]

15 hours/month

3 hours/month
2 hours/month
3 hours/month

2 hours/month

25 hours/month

10 hrs/month/department

20 hrs/month for two departments

Plus initial preparation (2 x 75) x 60 = 2% hours = 3 hrs/month

Total load on Records Clerk proposed

Existing 4 x 8 = 32 hours/month
Increase - - 0 Se S 48 hours/month
TOTAL = 80 hours/month

N. B. This does not include any allowance for customer liaison or

interference from other sources.
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Add itional Wofk ‘pwr:o'p‘o\s‘e‘d‘ f or Shop Clerk

Enter daily clock hours (5,6 & 7) x 76 '~ 54 mins.
o =270 mins/week
Total activity hours and record on weekly card

(i) 5 to add and record

(ii) (3 to add and record) x 2

(i) (5 x 15) = 75 secs.

(ii) (3x 15) x 2 = 90 secs.

. MR T L BT

TOTAL 165 secs. 3 mins/M/c operator

126 mins/M/c shop/week

Foundry

ti

(5 x 15) x 1. 35 = 103 secs = 2 mins/foundry operator

]

84 mins/foundry/week

Enter details on individual operators performance card.

6 entries at 9 + P.I. calculation (20 secs) = 74 secs. | operator/week

94 mins/week all
operators.

Enter details on departmental card
6 entries at 9 secs for 76 operators = 70 mins.

Calculate P. 1. for 6 activities.

Plus 1 overall = T x 20 = 3 mins

= 73 mins/week
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t

Total weekly increase

270 + 126 + 184 + 94 + 73

123 hours/week

Total load on Shop Clerk

Existing 4 x 11 = 68 hours/month
Increase 4 x:12% - SRR '50 *hours/month
Total load = 118 hours/month

N. B. This excludes interference.

" On a 40 hour week, this means the Shop Clerk is 75% utilised
which is a very good figure and the Records Clerk is 50%
utilised but this does not allow for customer liaison. Therefore

again this is a reasonable figure.

The Production Controller, as an executive, is responsible té
the Managing Director for the efficient running of the

function and will attend policy meetings and also liaise with
customers and other departmental heads. Irrespective of the
system his job description will remain and therefore he is not

considered relevant to the exercise.
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Calculation of Work Load on Production Control Personnel - using
a- Computer Bureau .- - G ‘

..................

analysis only

........

The work of the Record Clerk will remain unchanged and

therefore he is not relevant to the exercise.

Shop Booking Clerk

Existing load will remain 17 hours/week
Plus weekly transmit via tape
details of operator activities = 125 total

Plus clock hour details = = = 76 total

Final Total =201
Allow 20 characters per transmission
= 4020 characters/week

at 3 seconds per character

]

12060 seconds/week

4 hours/week

Total load on Shop Clerk = 21 hours/week

N. B. This does not take into account interference.

For the payroll and performance analysis only, the services of one
Wages Clerk could be saved but if the company adopted full
budgetary control and variance analysis then the chances are this
Clerk would be required, but this is not relevant to the present

proposition.
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2. Computer Bureau used for Payroll Performance
Analysis-and Scheduling - e

All the above are requirgd plus the addition of weekly"
despatches an<.i returns by customer. Monthly details of the
customers order schedules will require transmitting. The former
can be quite easily coped with by the Shop Clerk (approx. 5 hours
per week) but she will need assistance to transmit schedule

details.

~ 3. The following salary scales are estimates for the
Birmingham area: ‘

Male Production Control Clerk £2,200/year
Female Wages Clerk £1,500/year
Female Shop Clerk £1,000/year

The estimates given by the computer bureau for the systems are
as follows:

Payroll Plus Performance

Initial cost | £650 non-recurring
Yearly Processing £7170

Data preparation
(if r_equired) £750

Cost of Display unit to enable company to transmit its own data

£3,500 (N. B. Data Preparation not then required)

3
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SCHEDULING SYSTEM:

Initial cost £2,000 non-recurring

Yearly Processing £2,000

Data preparation (if
required) per year £1,000

Based on the above figures, the following costs apply to the

systems proposed:

Full Manual System - all aspects £4,1700

Payroll plu s pe rf‘o'x;rh'ahlcfe, by ‘bureau

Production Control Manual

Initial cost including Visual Display Unit

for transmission £4, 150
Data processing per year £ 770
Personnel ' £3, 200

Payfoll, performance and Scheduling by Bureau

Initial cost including Visual Display Unit

for transmission £6,150
Yearly processing costs £2,770
Personnel ) £3, 200
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APPENDIX F

CALCULATION OF CYCLE LENGTHS IN' THE FORM OF

A GEOMETRICAL PROGRESSION
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...................

batch variable costs

P B Minimum variable costs
s 1
then p=3z{g+ =)
q
where q-= Qi batch size

@ minimum batch size

Referring to Fig.F-1 this gives the following values:

q minimum X @ minimum

QU

q maximum x = Q minimum

QW

The number of cycles per year are given by

Y Y _
C = — C = - C -
1 Q, m Q. 2
Ch = ©1 % ] Co 9
Q, QU
C 2 - C, xq X C X q
m 1 min. 2 max

OIX




9 min. * 4 max.
2 ) 2
( p-|p ~-1)) (p+’p +1 )
1 »
Cm = C1 . C2

If cycles are selected in the form of a geometrical progression

having a base R and such that

(NI

Cm=(R . R )

Griffiths (33) illustrates the relationship of the resulting cost curves

(Fig. F-2) when this technique was applied.
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DEMAND/COST CURVES
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APPENDIX 'G°

.

FACTORS TO CONSIDER AT PLANNING STAGE

|
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BASIC WORKING WEEK

is increased due to

OPERATOR PERFORMANCE
OVERTIME WORKED

is decreased due to

POOR OPERATOR ATTITUDE
MACHINE BREAKDOWN SCRAP
AND RECTIFICATION

ACCIDENTS
BAD MANAGEMENT
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MEAN

RANGE TO CONSIDER WHEN
- RANGE TO CONSIDER WHEN

é Failure to meet a e
:

target is critical. The occurrence of
an event is critical.

NORMAL DISTRIBUTION
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APPENDIX H-

BUDGET AND -COMPONENT ANALYSIS

H.1 Budget Quantities

H.2 Budget Summary.
H.3 Component Analysis.
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BUDGET ~ QUANTITIES
Operation  Monthly  Unit Std. Shot Compts Auto
lleBf. ;heet Quantity Cost 'p' Scrap % Rate/Hr. per shot “Ind.
Oe Ooe

1. - === ==~ — ~«~= 800 Ton machine product ———m=——m===
2. F.38 140000 2.86 2.5 70 10 v
3. F.17 - 29400 10.16 10 80 L v
Lo F.34 6750 23.79 10 60 2 v
5, F.27 15500 5.52 10 90 A s
6. F.2 24,00 18.79 6 70 2 v
7. 63 1600 18,434 10 75 2 v
8. 1 6300 L6.84L6 8 75 1 J
9. 2 1100 L5636 8 75 1 v
10. 96 3600 45.0 10 60 1 -
11. 80 3000 57.2 10 55 1 -
12. 83 2900 32.0 10 60 2 -
13. 83 1000 3Ll 10 55 2 -
1. 82 3600 19.4 10 70 1 -
15 95 4500 53.2 10 60 1 -
16. 95 4500 6.0 10 60 1 -
17. 78 1800 39.64 10 60 1 -
18. 65 5500 19.668 15 85 1 J
19, . 89 . 284,00 6.62 5 70 2 -
20. F.57a 30500 24..37 8.5 58 2 v
21. F.54 13500 22.29 7 58 2 v
22. F.36 8500 2134 8 55 3 J
23. F.3 7000 15,86 20 55 L Y,
2le F.31 5000 29.82 5 60 2 J
25, 14 19100 30,172 . 8 56 2 v
26. 15 10000 19.68 8 56 2 v
27. 37 4000 82.94 7 50 1 -
28. 40 3700 39.844, 7 50 2 v,
29 6/, 3600 28.979 10 L5 3 J
30. 29 - 37800 28,201 15 58 2 v
31. 86 2000 76.4 10 40 1 -
32. 87 2000 76.4 10 40 1 -
33. 85 /2700 11.64 6 80 3 -
3l 85a. 284,00 19.0 5 70 2 -
35 83 3400 3.8 10 70 2 -
36. 13 5900 5,782 20 70 2 J
37. 62 7100 59.002 25 50 1 v
38. F.37 800 8.6 ' 10 80 L v
39. F.11 2700 30.56 10 70 1 A
40. 91 2300 19.73 5 100 1 -
1. F.9 9500 1.562 12 150 1 v
L2 F..0 1500 6.33 30 100 2 v
43 F.22 2600 8.7 10 100 1 v,
Lo F.41 -+ 12900 945 5 120 2 v
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BUDGET QUANTITIES

Operation  Monthly  Unit Std. Shot Compts
Ref.  Sheet Quantity Cost 'p' Scrap % Rate/Hr per shot I
L5 Fo/ 600 4491 10 130 1 Y
L6 F.28 900 .61 10 80 2 X
LT 53 42,00 8.326 10 100 2 Y
8. 35 9000 R.457 10 85 6 v
9. 88 3000 21.06 5 90 1 -
50, 34 3900 6.993 15 75 2 R
51 A 2800 413 5 60 2 J
52, 98 8900 54145 10 60 L -
53, F.7 5000 12.97 25 70 1 v,
54 F.35 £,000 4,460 10 100 2 v
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BUDGET

SUMMARY

_UTILISATION . -

%
85

.67

34
56
9

mmisi———

60

n——

MACHINE NUMBER OF HOURS HOURS
GROUP MACHINES AVATLABIE REQUIRED
400 ton 7 2240 1907
250 ton 7 220 1494,
Reeds 3 960 327

DC 100 2 640 357
EDGWICK L 1280 114
Total 25 8320 5020
PLANNED INCREASES

250 Ton - Utilisation To Increase to 75%
Reeds - Utilisation Increase on 2 machines only to 75%
DC100 - Utilisation to Increase to 75%
EDGWICK - Utilisation to Increase 1:0 50%
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Sales Value Component Reference| Total S
ales % of
Range Number . Value of range Total
and % Compts.
5, 6, 7, 9,.12,
13, 14, 17, 36 _
Up to 999 38, 39, 40, 41 8390 - 47.1
42y L3, 45, 46 = 9.3% :
47, 48, 49, 50
51, 52, 53, 54
4, 10, 11, 18, 19
: 22, 23, 24, 26 22562
11000 - 1999 28, 29, 31, 32 ’ 28.4
35, 44 = 2/.9%
g
2000 - 2999 3, 8, 15, 16
3000 - 3999 21, 27
41051
4000 - 4999 2, 33, 37 20.7
= 45.8%
5000 - 5999 25, 34
6000 - 6999 -
7000 -~ 7999 20
8000 - 8999 - 18092 ,
3.8
9000 - 9990 - = 20%
10000 - 10999 30

$

CONTRIBUTION OF TNDIVIDUAL COMPONENTS

TO TOTAL SALES REVENUE.
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APPENDIX J-

SIMULATION ‘RESULTS

J. 1. ' Foundry Machine Loads.
| J. 2 Machine Group Loads.
?
| J. 3. Vaiue of Stock.
J. 4 " Stock Graphs for 400 & 250 ton items with

variable monthly demand. / i

- 193 -




‘Sutpeocead Sureq uni Yoee JO uoTqEINP ‘Suna JO J8qUNU 07 BOTPUT 3o30BI] ur seandtd °4d°N

g8 =
ovee X 2l
00T X %6%ee =
. Jgeok Jod °SIH
ool ¥ S L = UOTYBSTTTAN OUTUPEH %
069€ €16€ 2egt LY9€ Ke:=13 9,9€ |*sIH T®IOL
pesTEY (2) W€ (2) W€z (z) 7€z | (2) ¥ee | (2) ¥ee (2) W€z vE
m pasTed (2) €02 (2) €02 (2) €0 |(2) €02 | (2) €02 (2) €02 cc
it gLl gLl i m i gl 2€
iifm; 8Ll gl | 8l gLl 8Ll 811 L€ B
soTTNeJpLH pue OSTEY (7) L6 (2) 28t (z) gL | (7) &g¢ (2) 77 (7) €ol o€ .
... B SoTTNRIPAH vz 69 LY U4 GeL T 62 v
o [4:] 701 oLl gLl G €Ll 82 -
= soTTnRIPLH (2) 26 (2) 26 (2) 26 | (2) 26 (2) 26 (2) 26 L2 _
= ezl 62 23 €6l van 612 92
a pesTey el (2) oge 761 1 (2) 462 6L (2) €Ll Gz
S oL Gl 66 69 LE 731 e
- 29 - gzl 89 66 69 €z
m | : LL oL ¢91 L7 gzl 66 27
2 66 (2) 23l (2) 691 - (2) LLL % k4
0 (7) gle (2) cee (2) 29¢ LEL | () 9se (7) 77e o}4
J2queod( JI9904%°0 asnany sunp Trady Laenageg Joqumy
27818 SUTYOBR JOQUISAON Joqueydeg LTop Ley YOJIBW Lxenuep woqT




Period Machine Ttem Runs per Total Machine
State No. Component Hours '
January- Raised*t ) 30,29 1 612 1
February Hydraulics ) 33,27 1 590 i)
Raised 34 1 468 3
Raised & Basic 25,28,22  2,1,1 558 4
Basic - 20 1 976 . 5 %
Basic 21,24,23 1 484, 6
Basic 26,31,32 1 455 7
16 set ups
March- Raisedt ) 30 1 488 1
April Hydraulics ) 25,27,29  1,2,1 458 2
Raised 3/ 1 468 3
Raised 33 1 406 4
Basic 20 1 1012 5 %
Basic 21,23,28,
R4 1 529 6
Basic 31,32,22,
26 478 7
16 set ups
May- Raised + ) 30 1 1140 1 *
June Hydraulics ) 33,27 1 590 2
34529 -1 492 3
Raised 25 1 590 4
Basic 26,24,23 1 333 5
Basic 20,28,22 il 296 6
Basic 31,32 ¢ L 236 7
14 set ups
July- Raised ) 34,29 L 511 1
August Plus ) 30 - 632 2
Hydraulics ) 33,27 - 590 3
Raised 25,26 L 475 4
Basic 22,23,31 ‘
‘ 32 ‘ L 529 5
Basic 20 1 524, 6
Basic 28,524,521 1 553 7
! 15 set ups
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Period Machine

Item Runs per Total ' Machine»,ﬁ“‘it
State No. Component Hours e
September- Raised + ) 30 1 632 1
October . Hydraulics )- 34,29 1 557 5
) 33,27 1 590 3
Raised 25 1 460 L
Basic 20,28 2-1 568 5
Basic 21,32,24 2-1-1 557 6
Basic 26,31,22 1 7 7
" 16 set ups
November- Raised + ) 30 1 388 1
December  Hydraulics ) 34,29 1 552 2
) 33,27 1 590 3
Raised & Basic 25,21,28 1 305 4
Basic 24,32,22 1 335 5
Basic 26,31,23 1 308 6
Basic 20 1 1272 7 %
15 set ups

*

Indicates an overload on the individual job.

ALIOCATION OF JOBS ON. 400 TON PRESS

GROUP_TO SATISFY SETTING RESTRICTION.
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Ttem January March May Jul !
v Septemb N
Number February April June August OiEOEZrer DZZEEE:?
A 22/, 86 17 57 143 235
L2 15 17 20 14 26 15
L3 50 61 72 L7 79 32
L, 85 (2) | .59 (2) 68 (2) 28 93 57 (2)
45 8 7 17 17 2 10
L6 11 13 12 9 17 20
41 60 56 30 49 76 58
48 23 7, 6/, 31 16 54
49 75 75 75 75 75 75
50 32 77 112 30 93 50
51 L, 53 5/, 7 28 53
52 a8 88 88 88 88 80
Total Hrs, 798 725 851 | 516 736 804
% Machine Utilisation
= Total Hours x 100
Hrs. per year
= 4430 x 100
12 x 640 !

N.B. Figures in bracket indicates mmber of runs, duration
of each run being preceding figure.

Ttems 45 and L6 should be ponsidgred for running once
in every 2 cyclese

SIMULATED LOAD ON DG 100 PRESS GROUP
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Ltem January C September | November
Number February | April June | August | October December
35 58 58 58 |58 58 58
36 79 126 65 Y% 95 153
37 161(2) 228(2) | 106(2) 212(2) | 208(2). 226(2)
38 8 A 6 6 9 4
39 37 31 20 27 21 3
40 52 52 52 52 52 52
Total Hrs.556 7217 A3 | 661 651 750
% Machine Utilisation
= 3758 x 100
12 x 960
= 33%
N.B. Item 37 requires 2 runs per period.
Ttem 38 should be considered for running once in
every 3 cycles.
SIMULATED ILOAD ON  REED MACHINES -
53 164 186 153(2) 183 237 184,
5, 34 23 62 | 22 60 52
Total Hrs.|198 209 368§ 205 297 236

4 Machine Utilisation

1

1513

12 x 1280

10%

x 100

SIMULATED LOAD ON EDGWICK PRESS GROUP




Group
Noe.
1
Total Group
2 43 5 6 7 5 8 3
46 o2 3 2 2 3 4
22 52 67 22 | 87 37 A
51 9 10 11| 14 6 10
54 8 5 14 5 13 212
38 3 1 2 2 3 1
Total Group 2 7 92 58 | 115 70 -7
Group 3 41 34 13 26 9 22 36
Group 4 2 492 255 198 | 286 306 L72
Group 5 / 102 | 130 | 56 | 128 | 112 150
Group 6 20 99 97 | 14| 50 48 125
Group 7 21 51 75 0| T | 77 s
29 30 42 8| 15 28 7
Total Group| 7 81 117 g | g9 |105 28
Group 8 30 28 131 . 306 | 17 205 26
Group 9 26 34 18 30 50 36 20
36 10 16 8| 12 12 20
25 63 | 25 | 107 | 28 |10l 22
Total Group 9 107 59 145 | 90 149 62
Group 10 | 27 11 11 11| 11 11 11
3 - 29 52 45 37 65 65
Total Group| 10 L0 | 63, 56 | 48 76 7%
Group 11 18 42 41; 60 31 60 31 o %
Group 12 24 388 66 146 | 209 | 158 29/, :
29 30 42 8| 15 28 7
Total Group| 12 /18 | 108 154 | 224 186 301
S [MULATED WORK TOADS TN STANDARD HOURS ON MAIN MACHINE
' GROUPS
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. End of i
Component| 14 month | Cumulative Value 14 mon\?;lﬁzrzgd
Now Quantity | Quantity Stock (+) Stock (+)
: Ordered Made Arrears (=) | Arrears (-)
(pence) (pence)
(Variable Q) | (Constant Q)
2 1858430 1902381 +25708 Co L
3 412796 LOTL3L, ~ 54427 .
A 90856 95067 +100251 -
5 210596 208813 - 9814 -
6 36437 3759 + 21777 -
7 27775 28652 |-+ 17143 -~
g . ' 90912 93032 -+ 99500 | '
9 16101 | 16290 + 8762 -
10 50400 49316 - -35280
11 42000 41500 : - -28600
12 40600 39939 - -21152
13 14000 | 13549 - -15514
14 50400 9200 - - - -23280
15 , 63000 62230 - -4,096/,
16 63000 63216 - + 9936
17 25200 25081 - - 477
18 73330 72923 - 945 -
19 397600 400436 - 118774,
20 44,6723 462079 374,298 -
21 168413 157999 =-143235 -
22 98812 107313 |t 177 -
23 85814 87036 + 19323 : -
2/, 65148 67333 | T 65275 -
25 24,7606 24,5533 - 62486 -
26 128448 - 130968 + 49652 -
27 56000 55054 - 3234 -
28 52926 53850 + 36975 . -
29 54564 54328 - 6723 -
30 1 561937 549.88 - =350933 -
31 28000 27368 - -48285
32 28000 27874, - - 9626 -
33 607800 589140 - -217389
34 397600 395036 , - -/,9856
35 47600 47018 . ~25492
36 72053 T 76532 + 25920 -
37 99362 97913 - 85224 -
38 11856 11744 - 928 -
39 37767 38138 + 11337 -
40 32200 32134 - - 1302
Al 132622 131700 - 1430 i
42 19633 18880 - 4741 -
43 1 33806 - 33546 - r227 -
Ld, 155524 159165 + 34435 -
L5 81,08 8147 -~ 1266 -
L6 12170 12627 + 2129 -
L7 58881 60626 | 114553 -
48 132821 133397 + 14068 -
49 42000 41965 - -~ 737
50 - 52273 54395 + 14860 -
51 38954 40680 to293 p
52 124600 123229 - - 7054
53" 77923 79103 +15356 -
54, 50886 54,022 T 14439 T




VALUE OF STOCK AT END OF 14 MONTH - PERIOD

Variable Constant
Monthly @ Monthly Q
TOTAL + 1,069,725 + 28,710
..... vhavcan e 2TP34613 - - 529,248
Algebraic
Sum + 335,112 - 490,538
- 202 -
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