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SUMMARY

The first case study raised a number of questions about the
process of, and management's involvement in, computer systems
analysis and development:

- how are systems selected for 'computerisation'?

- how are system requirements defined?

- how effective are the practical systems approaches?
- what is the influence of technological change?

A second case study, a literature survey and detailed analysis
were carried out in support of the investigation of these
issues.

The main conclusion is that the increasing level of technological
capability has changed the problem of systems development to
emphasise the requirement for corporate planning and a systemic
view at the expense of the lower level design effort.

The case study evidence is that the company's management did not
adopt the corporate and systemic view necessary to support the
development of integrated systems. Since modern computer technology
can be the basis of new ways of working and of extensions to a
company's business activities it should be an element of planning

at the highest level.

The prevalent management attitude is appropriate for the earlier
level of technology and development of isolated systems. It is
not suitable for the development of integrated systems using
current and future computer technology which requires the adoption
of a systemic view and development of the role of systems
integrator.

The research has contributed to the body of knowledge about
management's role in systems analysis and development by
identifying the implications of technological advance for one
company, highlighting the shortcomings of its current situation
and setting the scene for further research.

Such further work should be directed toward broadening this
study to generalise the results, considering the organisational
impact of integrated systems, evaluating the alternative models
for computer usage and developing the role of the systems
integrator.
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Ph.D. 1980, AWARDED THE DEGREE OF M.PHIL.
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LIST OF ABBREVIATIONS

Throughout this work the following abbreviations have been

employed whenever convenient.

A.C.D. - Air Cooling Division

A.S.D. - After Sales Division

B.S.D. - Business System Design

C.S5.D. - Computer System Design

G.A. - General Arrangement

I.H.D, - The Interdisciplinary Higher Deérees Scheme
M.C.C. - Materials Control Clerk

M. of M.S. - Manager of Management Services
M.P.F. - Master Parts File

M.S. -~ Management Services

P.D. - Production Control

PP LS - Production Parts List

S.A. ; =  Systems Analysis

S.E.C.D. - Small Engine Cooler Division
S.H.T. - Serck Heat Transfer

Seke - Sales Technician

W.0. - Works Order
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CHAPTER I INTRODUCTION

SUMMARY This Chapter introduces the I.H.D. Scheme of Aston
University and the sponsoring organisation, the
Serck Group of Companies. The course of the project
work is explained and the layout of the thesis

described.

SECTIONS
I.1 Introduction to the I.H.D. Scheme and the Serck
Group
I.2 The Structure of the Work

I.3 The Layout of the Thesis



I.1 Introduction to the I.H.D. Scheme and the Serck Group

The I.H.D. Scheme of Aston University brings together academic
research and industry through postgraduate students undertaking
project work as employees of an industrial organisation. The
sponsoring organisation has the opportunity of establishing
close links with the University whilst benefitting from the
impact of the University's resources upon the content and result

of the project.

This thesis reports the work carried out between October of 1975
and September of 1978 under the I.H.D. scheme in conjunction with
the Serck Group of Companies,
Serck is a group of engineering companies whose products serve
a wide range of industries throughout the world. Manufacturing
takes place in eight countries with the base in the United
Kingdom. The company started business in 1907 as one of the
originalmanufacturers of car radiators. It went public in 1919
and since then has expanded steadily. By 1975 it had seven
principal activities, listed here in descending order of size:
1. Industrial valves through Serck Audio Valves International.
2. Heat Transfer Equipment through Serck Heat Transfer.
3. Exchange parts for motor vehicles through Serck Services.
4. Tubes in non-ferrous metals through Serck Tubes.
5. Supervisory Control Systems through Serck Controls.

6. Environmental control equipment & systems through Serck Visco.

ro



7. Water & Waste Water Treatment through Serck Water

Processing.

The project work was carried out on the Birmingham site of Serck
Heat Transfer. This section is the second largest of the group's
companies, employing between its three sites in Birmingham,
Manchester and Hamburg, some 1,600 people and £10m capital.

All subsequent references to S.H.T. or 'the company' should be
taken to mean the collection of manufacturing operations on the

Birmingham site.

I.2 The Structure of the Work

During the three years of the practical work two separate projects
were considered. But for reasons quite unconnected with this
work, neither could be completed. Despite this, the

conclusions outlined in the Summary have been drawn.

The first project under which work began in 1975 was entitled:

"The Application of Computers to Production Control within an

Engineering Company'.

Its purpose was to examine the existing computer-based production
control systems within one of the company's manufacturing divisions,

then recommend and implement improvements. During the first eight



months this work had proceeded well and an analysis of

existing practice made. But in Jume of 1976 the company
retained an external firm of business consultants to make broad-
based recommendations on a company-wide stock-accounting system.
Intrinsic- in this was the need to review the production control
routines in each of the divisions, an operation which cut

directly across this first project.

Therefore, the first project was curtailed and was replaced by

a second project entitled:

"Systems Development of Data Retrieval for an Engineering

Company's After Sales Service".

The focus of the work was the After Sales Division of the
company which had only been formed at the beginning of 1976 and
was the spares and repairs facility for the three major
manufacturing divisions. The management of this division was
keen for it to expand and wanted to improve the speed with whi;h
the spare parts could be identified, thereby offering a faster

service to the customer.

A detailed analysis was made of the spares and repaifs supply
function and resulted in a significant re-definition of the
requirements of the data retrieval system. Before the design
work could be started however, it was necessary for the divisional

management to take some decisions about the future organisation



of the division. But these decisions were never taken, because
in the early summer of 1978 the company decided to drastically
cut down the After Sales Division by returning the responsibility

for spares supply to the manufacturing divisions.

This meant that the second practical project came to an end.

I.3 The Layout of the Thesis

The thesis follows the chronology of the practical work in
describing the first project and then the second project, because
the canclusions are derived from ideas which developed as a

result of influences experienced during the three years.

This section describes how the chapters of the thesis support

the evolution of the ideas.

Chapter II presents the background to the company and the
description of the product range enables the right 'pictures' to
be formed when the detailed operations of the After Sales division
are being discussed., Existing use of the computer characterises
the role which automation of clerical procedures plays within the

company.

Chapter III establishes the starting point of the first project,

in terms of both the researcher's and the division's expectatioms.



Although the theory and practice described in Chapter IV

and V respectively were researched concurrently, they are
presented in this particular order so as to provide a structure
on to which the division's operating procedures can be

analysed.

The first project was concluded at the end of the work described
in Chapter V. However, Chapter VI is an abstraction of the
underlying problems of the division's production control routines
and as such outlines the doubts raised about the efficacy of the
system analysis and development procésses that created such

routines.

This leads on naturally to Chapter VII; a survey of the theory
of the process of systems analysis and design which concludes
that the procedures within S.H.T. are typical of the practical

analysis and design work being done throughout industry.

Chapter VIII describes the detailed analysis made of the

requirements and operations of the After Sales Division during
the second project. It leads to a modification of the initial
statement of the project, as made by the divisional management,

and this revision gives rise to significant implications.

Chapter IX states the efforts made to examine and resolve these
implications by means of the system model. It is the reaction

of the divisional management to this model which prompts the main



conclusion of the thesis.

In Chapter X the further analysis undertaken, while the future
of A.S.D. was being resolved, is described. It was directed
toward speeding the course of the anticipated system design work
by investigating circumstances outside the immediate concern of
A.S.D. but necessary to support the proposed data retrieval

system,

In the event, this second project was terminated when the division
was cut-back and Chapter XI reviews the practical work done and

brings together the lessons that can be derived from it.

The evidence of Chapters VI and XI is that a common shortcoming
of management's role in the system specification and design

process is the lack of a corporate approach.

Chapter XII examines the existing body of knowledge on this
subject and in the final chapter the implications of the practical

work and the conclusions are derived and substantiated.



CHAPTER II BACKGROUND

SUMMARY

SECTIONS

The divisions and product range of Serck Heat
Transfer (SHT) are described and the company's

use of computing is reviewed.

IT.1 Description of S.H.T. : 9
II.2 The Product Range 10
I1.3 Computer Usage in S.H.T. 22



II.1 Description of S.H.T.

This project was carried out in Serck Heat Transfer, the second
largest of the companies in the Serck Group, employing between
its three sites in Birmingham, Manchester and Hamburg, some

1,600 people and £10 million capital. Any subsequent reference
to S.H.T. or "The Company" should be taken to mean the collection
of manufacturing operations on the Birmingham site alone, the

location of the project.

S.H.T. is a medium size engineering company manufacturing heat
exchangers, these being defined as devices for passing heat from
one medium to anotﬁer, be it for cooling or heating. However,
within this broad definition there exist readily identifiable
classes of units and as of December, 1975, S.H.T. was divided
into four divisions, each of which was concerned with the

manufacture of one such category of heat exchanger.

These divisions are:-

a. Tubular Cooling Division (TCD)
b, Air Cooling Division (ACD)
c. Small Engine Cooler Division (SECD)
d. Aircraft Equipment Division (AED)



11,2 The Product Rangg

AED manufactures the high quality, high reliability units
required to meet the stringent demands of the various
airworthiness authorities and employs specialised techmniques
and materials. Because of the rigour of these external
inspectors it is almost completely independent of the other
divisions and it plays no part in the project, only being

mentioned here for the sake of completeness.

TCD is principally concerned with the classic Serck shell

and tube liquid to liquid heat exchanger. This type

of unit is used for a variety of applications primarily on
large diesel engines, e.g. to cool engine oil, transmission
oil, quenching oil, jacket water cooling, etc.

The underlying principle is that the medium to be cooled is
passed through a tube over which the cooling medium runs. (See
Figure 2.1). Heat is transferred from the hot liquid through
the walls of the surrounding tube to the covering medium. To
effect an adequate exchange of heat, many tubes are used and
they are formed into a single bundle bound together by end
plates, this whole being termed the tubestack, again see

Figure 2,1.

Some means of guiding the cooling medium over the tubes is needed,
typically a cylindrical shell with suitable holes for the entry
and exit of the liquid. Obviously the casing needs to be a

sound fit around the tubestack end plates so as to prevent

10






| Corrosion resistors.

vy

No hidden 'j_bint:s in any part of construction, * .

Radial flow circular baffles, aﬁording maximum afﬂciancy

with mmimum pressure loss, WAL ok |
|]:, ¥

Safety expansuon rlng and double ]oint permltting expansion
of the entire stack_ whiist preventinq interleakag% bagween

a Y

b ,,x_,

S_urface inspectlon' dobrr i

= ]

Removable covers, enabling cleaning and .l'nsp'e'ctlc':n of
raw water si_gie without di__s_turbar!c_e_ of pipe ]olnts,_ |

12

-
*

e



leakage. Further, the cooled medium needs to be brought

to and from the cooler. This interface between the user's
pipework and the tubestack is achieved using boxes. In the
simplest case, a box is a cylindrical, biscuit-tin-like

device, closed across one flat, bolted to the casing and

having branches suitable for bolting to the adjacent pipework.
This is the primary product of TCD; the concept is very simple,
but during the 80 years since the original patent, a
considerable degree of sophistication has been introduced to

the practice. Further details will be explained as appropriate
throughout the remainder of this work; suffice to say at this
stage that the vast range of designs, each having different

heat transfer properties, which are realised in a large number

of materials according to the situation, requires the maintenance
of a large technical sﬁpport section of designers, metallurgists,
corrosion and heat transfer engineers to ensure that the

customer receives a unit suitable for the job in hand.

Whereas TCD deals with the cooling of liquids by liquids, ACD is
involved in the design and manufacture of units which use air

as either the cooling or cooled medium, there being two main
categories of device, namely radiators and the pressure charge
air coolers. The radiators, which operate on the same principle
as ordinary car radiators, although far larger, consist of heat
transfer elements (known as sections), bolted to appropriate
header tanks with general ducting and supporting ironmongery.

See Figure 2,2, There may be fan and motor units to force the

13
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PLENUM CHAMBER
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cooling air over the heat exchange elements carrying the cooled

medium,

The larger of these coolers form free standing structures up
to 15 feet high, 30 feet long, and weighing some 10 tons, of
which a typical application would be as a power station engine

water cooler or process cooler. (See Figure 2,3).

In the interest of efficiency, modern large diesel engines are

frequently turbocharged. This is a process in which the eﬁergy
of the exhaust gases from the engine is used to pressurise the

air on the induction side of the engine, thus compressing it

to enable a larger quantity to enter the combustion chambers

and resulting in greater power from the engine.

However, compressing the induction air causes it to get hotter
and expand. Such expansion naturally offsets the gain received
from the turbocharger. So a cooler is inserted between the
engine and the turbocharger, and the following process results;
the air is compressed and heated in the turbocharger, then
cooled down in the cooling unit so that high pressure but low

temperature air reaches the combustion chambers,

Incoming Compressed
B
Aie ————{ TURBOCHARGER ~—2 (but hot) ——3 COOLER
Air
v
Compressed
cool air

5

ENGINE

17



Such a cooler is termed an intercooler or pressure charge

air cooler and an example is shown in Figure 2.4,

Because the pressures involved are high, these coolers are
mounted in a heavy machined casing. But the principle of
operation is similar to that of the radiator, in that the
charge air is passed over finning bonded to the tubes through

which the cooling liquid is pumped.

As for the product of TCD, a simple idea has been made
progressively more sophisticated, and this quick introduction
merely points out the axtensive range and the considerable new

design facilities that are available,

The fourth division is SECD which manufacturescoolers for

the small-diesel engine market. Such engines would be those

in lorries, trucks and small boats, so the physical size of

the product is smaller than those of TCD and ACD. Im éoncept,
these coolers are scaled down versions of the shell and tube
ones already discussed, although their small size enables
different techniques and materials to be used., (e.g. the stack
may be bonded to the boxes which may be of rubber). The capital
cost of these coolers is small and ﬁhere are fewer ranges of
design than for the other divisions. Figure 2.5 shows a typical

unit.

The divisions of the company frequently liaise with a user to

18
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produce a cooler specific to his requirements, be it the
production of a special casting to enable the unit to fit an
engine housing, development of a new material, or,the most
common request, producing a cooler with a particular thermal
performance for given rates of flow of the media. Thus, each
division supports a team of heat transfer engineers and design
staff who provide the general investigative and prescriptive
service for any installation. With one notable exception,
efforts are made to supply an existing design if possible, with

the obvious concomitant savings of time and money.

Thus, the phrase "manufacturersof heat exchangers" covers a
broad range of products having a common function, but executing
this function in highly varied ways, using a wide range of

producéion methods and selling in different markets.

21



IT1.3 Computer Usage in S.H.T.

S.H.T. bought its first computer for business data processing

in 1969 and from the outset adopted a policy of employing
specialist staff to design and develop systems tailored to the
company's requirements. The alternative approach of purchasing
a commercially available package was rejected on the grounds
that such applications-softwanawouldbe either too simple or

too complex., If too simple, a considerable number of program
additions and modifications would be required to convert the
package to S.H.T's requirements. It would be better to design
and produce such program suites from scratch than attempt

these conversions. Conversely, a package which provides
facilities for all situations is highly complex, hence it is
difficult to understand and modify. Although the supplier will
usually provide support, there exist well-documented instances
where such support has proved inadequate and the consequences
have been disastrous for the customer. To make this approach
work calls for skilled personnel to be available so as to modify
and maintain the package. If sufficiently high calibre staff
are needed, one might as well, runs the argument, employ them

to develop one's own systems,

The view that self-sufficiency was superior to relying on
external assistance was strongly reinforced by one of S.H.T's
few exceptions to the rule. In the early 1970's a production

control package supplied by I.C.L. called PROMPT generated so

22



much confusion when installed in S.E.C.D. that it was quickly

removed and a considerable sum of money was written off,

The company's second computer was installed in 1975. This wés
an I.C.L 1901T mainframe with 32K of core and run in batch
mode. It supported four E.D.S. 30 disc packs, four tape decks,
a line printer and card reader. The major reason for changing
to this new machine was that it enabled the higher speed access
data storage medium of discs to be employed in place of the
earlier tapes, although in 1975 the transition from tape to

disc was not yet complete.

Punched cards were the primary data input medium and two eight
hour shifts per working day proved just adequate to meet the

current level of the company's data processing needs.

Broadly the usage was slanted toward the commercial and financial
aspects of the business at the.exPense of production and engineering.
The research and development engineers used another computer not

on the S.H.T. site for a small number of technical routines, but

the divisional engineers had very little dealing with either

computers.

There are three main reasons which can be advanced in support of
this bias. These reasons reflect neatly the nature of the problems
facing a company which is still in the phase where business

computing is not yet an accepted part of the company's activities.

23



A manufacturing division can be considered as possessing two
aspects, the first of which, production and product engineering,
looks inward to the division and does not sigﬁificantly affect
the other parts of the company. The second, sales, purchasing
and financial accounting looks outward to the central departments

of the company, the accounts office, the buying office and so on.

If, as happened in S.H.T, the decision to buy a computer is
taken centrally and the new department created to run it
(Management Services) is made responsible to the Financial

- Director, the obvious aspects to consider 'computerising' first
are precisely those with the highest degree of commonality
between the manufacturing divisiomns, naﬁely the commerciai and
financial routines, Further, since these areas are central to
the task of maintaining the financial control of the business
they tend to be the most well-defined and regulated. This too

enhances their suitability to being implemented on computer.

Therefore the central areas form the natural starting point due
to the high degree of commonality. They are the most well
defined of the routines, they can be implemented from the centre
of the business and the company does not have to rely upon the

divisional management bringing the change about.

By 1975 the four manufacturing divisions were all using the
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following systems:- sales ledger

- purchase ledger

- payroll

- cost and accounting ledger
- plant register

- cost of sales

- order book

- master parts file

These systems ran reliably and effectively so that they were
well integrated into the day-to-day running of the business.
However further extensions to the computer's usage encroach

on areas specific to each division. Two sections pf the company,
S.E.C.D and a part of A.C.D known as the Block Shop, had

been provided with Production Breakdown and Stock and Order
Monitoring routines. These two areas were selected due to the
high batch quantities infolved and their small size in comparison
with T.C.D and A.C.D. Apart from the prgviously mentioned
exercise with PROMPT, the systems had been developed in house

by Management Services and had provided an extensive grounding

in this new area.

Steps had been made to extend the Production Breakdown
routines to T.C.D and A.C.D, but due to lack of enthusiasm
within the divisions the parts files and structure files were
still incomplete and required a considerable amount of work

to make them useful.
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III.1 Initial Statement of the First Project

The title of the first project was:

"The Application of Computers to Production Control

within an Engineering Company".

The brief was to identify the shortcomings of the production
control systems of one division, Small Engine Cooler Divisionm,
then design and implement improvements. The researcher was
responsible to the Genmeral Manager of S.E.C.D. and the Manager
of Management Services for the day to day activities of the
practical work and to the project steering committee for the

broader issues of the I.H.D. project.

The starting point was purposely general, so as to impose

minimal restrictions upon the course of the project. However,

the 'constraints' of the work were:

- S.E.C.D.

- production control systems.

III.2 Project Specific Background

During the previous year Management Services had completed the
implementation of a production control system which had been

designed completely in-house. This task had required the
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