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SUMMARY ..
There is a great deal of literature about the initial
stages of innovative design. This is the process whereby a
completely new product is conceived, invented and developed.
In industry, however, the continuing success of a company
is more often achieved by improving or developing existing
designs to maintain their marketability. Unfortunately,
this process of design by evolution is less well documented.
This thesis reports the way in which this process was
improved for the sponsoring company.

The improvements were achieved by implementing a new
form of computer aided design (C.A.D.) system. The advent
of this system enabled the company to both shorten the
design and development time, and also to review the
principles underlying the existing design procedures.

C.A.D. was a new venture for the company and care had
to be taken to ensure that the new procedures were
compatible with the existing design office environment.

In particular, they had to be acceptable to the design
office staff.

The C.A.D. system produced guides the designer from
the draft specification to the first prototype layout.
The computer presents the consequences of the designer's
decisions clearly and fully, often by producing charts and
sketches.

The C.A.D. system and the necessary peripheral
facilities were implemented, monitored and maintained.
The system structure was left sufficiently flexible for
maintenance to be undertaken quickly and effectively.
The problems encountered during implementation are well
documented in this thesis.

Engineering design.
Computer aided design.
Project implementation.
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GLOSSARY OF TERMS

Design method:

Design specification:

Design procedures:

Contract:

Lead time:

Unit:

Model:

Scheme layout:

Design system:

C.A.D.S.:

Design suite:

Design package:

Design

The means of producing a new design
to satisfy a specification using the
available resources. {

Set of criteria to be satisfied by
the design.

Specific routines for carrying out
part or all of the design method.

A venture undertaken by the company in
order to produce a new model. This
will normally consist of three phases:
design, development and production.

A feasibility study may precede the
first phase.

The period of elapsed time or delay
associated with a specific activity.
In this thesis the lead time on the
design and development phases is
discussed.

A hydraulic pump, motor or transmission
(i.e. one specific machine).

A category comprising all units with
the same specification and geometry.

A scale sketch showing the components
of a unit in their assembled positions.

A framework for carrying out design
procedures. The system devised in this
project comprised three main stages:

a design feasibility stage (stage 1),

a design stage (stage 2), and a
performance analysis stage (stage 3).

Computer aided design system. The
title given to the computer based
design system devised in this
project.

Collective term for the programmes
constituting stage 2 of the three
stage design system.

A programme capable of being used as
either an individual design aid or as
part of .the stage 2 design suite.



Module:

Administration:

An interchangeable section of a
programme with a specific function.
The modular philosophy of
programming results in programmes
that are easy to maintain.

Those parts of the desigh method
concerned with the structuring,
planning and ordering of the
individual design procedures.

Hydraulics

Hydraulic pump:

Hydraulic motor:

Hydrostatic
transmission:

Axial piston machine:

Bent axis machine:
Gear machine:

Mainframe computer:

Minicomputer:

Computer system:

Hardware:

A machine that converts mechanical
power from a drive shaft into
hydraulic fluid power.

A machine that converts hydraulic
fluid power into mechanical power at
the output shaft.

A machine which provides a continuously
variable gear ratio between the drive
and output shafts. It normally
consists of a pump and motor coupled
hydraulically.

Three common varieties of pump, motor
and transmission. The axial piston
machine is the variety manufactured
by the sponsoring company; the design
of these is the subject of this
thesis.

Computing

A large computer (usually greater
than 200K memory size). These
normally serve a number of company
departments.

A small computer (usually less than
150K memory size). These normally
serve only one company department.

Collection term given to the
computer hardware and the manu-
facturer's software. The latter
provides facility for programme
development, editing, time
sharing etc.

The physical components constituting
the computer.



- Software:

RSX 11D:

DATS 11:

Computer language:

Central processor:

Peripheral:

Disc:

Memory:

On-line:

Interactive:

Programmes devised by a programme
writer for controlling the operation
of the computer. These are normally
stored on magnetic tape or disc, but
may be listed in textual form on a
line printer.

{.
The basic software provided by
Digital Equipment Corporation Ltd.
for the minicomputer.

Further software provided by the
Institute of Sound and Vibration
Research, University of Southampton
to supplement that provided by
D.E.C.

Code used for writing computer
software.

The "brain' of the computer that
performs the basic arithmetic
operations and organises the operation
of peripherals.

Any computer driven device that can be
coupled into the computer system
e.g. plotter, line printer, V.D.U.

A device for storing software or data
not immediately required by the
central processor. A disc consists
of a number of parallel circular
plates covered with a magnetic
coating on to which the data 1is
written.

The part of the computer used for
storing all of the data and software
required by the central processor at
any one time. The memory size is
measured in terms of the amount of
information that can be held. 1K of
memory can accommodate 1024 integers.

The adjective used to describe a
peripheral that 1is coupled directly
into the computer system.

The adjective used to describe the
situation in which data exchanges
between the user and the computer can
be made very rapidly, thus allowing
effective man-computer dialogues to
take place.



Batch processing: Process whereby the computer executes
complete tasks sequentially. There is
thus usually a delay between initiation
of a task and the start of its
execution. No communication can take
place between the user apd computer
during the execution.

Data structure: An ordered set of computer files used
to house information required by the
computer or its users. In the case
of a minicomputer these files are
normally stored on disc.

Visual display unit: A device capable of accepting and
(V.D.U.) presenting textual information.
These are used for communicating with
the computer.

Graphics terminal: Similar to a V.D.U. but capable of
handling also pictorial information.

Data logger: A device for collecting and recording
measurements from monitoring
instruments during an experiment or
test.



O. PREFACE

The project described in this thesis was commissioned

by Commercial Hydraulics Ltd. and accomplished through the
Interdisciplinary Higher Degrees (I.H.D.) schemé& of the
University of Aston. It was supervised by both representatives
of the company, and members of university departments. The
nature of the I.H.D. scheme enabled resources to be drawn

from the faculties of applied psychology, computing and
mechanical engineering as well as from the company. An

outline of the project is given in fig 0.1 which shows why a
multi-disciplinary approach was necessary.

The benefit for Commercial Hydraulics ensues from the
work carried out during the project, not from this thesis
which is, rather, a description and evaluation of the work.
Figure 0.2 summarises the way in which this work is reported

in the thesis.



Objectives

i) To review the design procedures of the sponsoring
company. .

ii) To devise means whereby the design procedures could
be undertaken more effectively.

To implement the devised methods in the design
office environment.

iii)

iv) To evaluate the outcome for the company and its
staff, and the possible implications for other
such design situations.

Method - by pursuing the following steps:-

i) Personal involvement in the company's design
procedures.

ii) Literature review and appraisal of different design
philosophies and aids.

iii) Selection of appropriate alternative for this
company.

iv) Development of C.A.D. framework and design software.
v) Release of system and use in design office.

vi) Observation and adaption of the system, and
establishment of software maintenance procedures.

vii) Evaluation by analysis of data collected during and
after release,

Outcome

i) A more effective and systematic design method for
hydraulic pumps resulting in a reduction in the
design and development lead time. This method is
pased on an interactive C.A.D. system which
incorporates:-

a) Ways of coupling a design system and an
information retrieval system so as to
reduce time spent searching for data.

b) Development of more effective ways of using
computers in the fields of data presentation
and interaction.

ii) An evaluation of the implemented design system, and
a comprehensive case study in incremental design.

FIG Q.1 PROJECT SUMMARY
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1.0. INTRODUCTION

1.1. Description of the Sponsoring Company and its Function

In September, 1975, an appraisal of the design method
of Commercial Hydraulics Limited, (Glos.), was begun. The
object was to rationalise and improve the company's
machine design procedures. It was hoped that this would
result in a more certain design method involving fewer
post-prototype design modifications.

The Gloucester division is one of a number spread
throughout Europe. Commercial Hydraulics is itself a
subsidiary of the American holding company
Commercial Shearing Inc. This hierarchy is summarised in
figure 1.1.

The sponsoring division has two distinct fﬁnctions; the
first is to act as the European Engineering Centre of the
group; the second is an activity peculiar to this division
and largely independent of the group, and concerns the
production of special purpose-built machines for customers
in Britain.

As shown in figure 1.1, the work done at the division is
in the field of hydraulics, the main product line being
hydraulic pumps and motors. These are combined to form
purpose built transmissions for British customers.

The size of the division at the start of the project was
about 50 employees, of which 12 worked on research, design
and development in the design office. At the time the
division was expanding rapidly and by January 1978 the number
of staff had increased to over 100; fourteen engineers

worked on design and development and a further seven worked
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full-time on research.

The pumps and motors produced by the company are axial
piston machines. These fall into the category of high
pressure (typically around 350 bar), medium spged (around
3000 rev/min) machines and are used mainly in servo-control
systems and hydrostatic transmissions. The geﬁeral
position of this kind of machine in the overall hydraulic
pump and motor market is shown in figure 1.2, although the
boundaries between the different types are fairly flexible.

The general layout of an axial piston pump is shown in
figures 1.3 and 1.4. A number of pistons (1) reciprocate
inside a rotating cylinder block (2) and cause oil to be
pumped from the low pressure port to the high pressure port
of the pump through a portplate (3), fixed relative to the
case. The drive to the cylinder block is transmitted
through a spline on the drive shaft (4). The flow capacity
of a unit can be changed either by altering the rotational
speed, or by altering the angle of the swivelling swash
plate (5) to adjust the stroke of the unit. Although this
kind of machine is not new, (early models date from 19071),
as with the petrol engine, development effort is still
very intense. With the pumps, for instance, demand
continues for models with different speed-pressure-flow
capacity combinations. These are the main performance
criteria. There are many others, their nature depending on
the intended environment of the pump.

Over the years, a great deal of experience of
nes has been amassed by manufacturers.

designing these machi

Also new technology 1s continually being fed into the industry
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to enable a better understanding of pump behaviour.

1.2. Original Aims of the Project

A great deal of information pertinent to the design of

axlal piston pumps existed at the start of the project. In
the case of the sponsoring company, some of this was stored
formally as reports etc., and some was stored informally as
the experience and knowledge of employees. Further
information remained to be captured from outside the company.
This situation is summarised in figure 1.5 which shows the

different forms of information feeding into the design

process.
Pump
specification
ae———
Experienced
.~ designer
~ ,
yod Scientific
Designer l | éé/ff’#’,,—research
at the > Coupling
board i <———_ Development
experience
Customer
experience
\4
Better Design
designer

FIG. 1.5 Inputs to the process of design

Desién is naturally a very important part of the

company's work. It is both the first phase in the production
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~of special transmissions, and an important aspect of the
engineering work done for other members of the group.

Common to these activities is the task of designing or re-

designing axial piston machines. If this desigg task could
be made more certain, then savings would ensue by virtue of
a shorter development time, lower cost, and greafer reliability
of the units. A shorter design time would also enable tenders
to be submitted to prospective customers more rapidly, and
hence would increase the company's chance of capturing
orders. This argument led to the following original aims of
the project:
(i) To make alterations to the design method so
that a unit designed and developed would be
closer to the final design first time and
would, therefore, require a shorter design-
and-development lead time.
(ii) I1f possible, to reduce the time taken to design
a new unit as far as the prototype production
stage.

Before these aims could be achieved 1t would be
necessary to investigate the design process depicted in
figure 1.5 to uncover areas where improvements could be
made. Furthermore, in order to evaluate any attempts to
achieve these aims, a comparison of the design process
before and after alteration would be necessary. The
original process could be examined at the start of the
project, but in order to obtain post-alteration data, time
would have to be allowed for implementation and monitoring

of any new design method.



2.0. DESIGN CONSIDERATIONS

Before the final project objectives could be decided, it
was necessary to review some of the subject areas relevant
to design. These areas are described in this chapter.
First a general description of design processes is given
(section 2.1); this is then related to the circﬁmstances of
the sponsoring company, section 2.2. Finally a section on
human factors explains the importance of considering the

user's requirements in a project of this type, (section 2.3).

2.1. Design processes in general

2.1.1. Design criteria and resources

Design consists in satisfying objectives subject to
certain constraints or criteria. The basic criteria are
defined in a specification or brief which should contain
information sufficient to a solution attempt. The criteria
fall into a number of categories: technical, economic,
ergonomic, aesthetic. Of these categories, probably the
technical is that foremost in the designer's mind during
initial design, although the cost and ease of maintenance
of a product, for example, are just as important as the
technical adequacy. Beakley and Chilton 2 demonstrate this
with several case studies. In many cases, the complexity of
the technical considerations monopolises the designer's
concentration.

The fundamental resources necessary for carrying out
any task are time and money. In industry the success of a
venture often depends on the time taken to develop a new
product or prepare a tender for a prospective customer,; this

is shown in figure 2.1. As time always costsmoney, any time
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‘ saving is clearly welcome.

Money is also necessary for buying manpower, machinery,
space and materials: These four quantities have a great
bearing on a company's design capability, especially when it
is desirable to manufacture a product in house with the
available machinery, materials and expertise. In these
circumstances a slightly inferior design may be traded off
against the benefit of familiar production techniques.

The basic resources described above are usually implicit
in the design brief. More relevant when devising new design
methods are the specific resources which a designer may use
during his work: experience, engineering knowledge,
experiment and technology.

Experience will have been gained by the designer and
his collegues on previous contracts, both successes and
failures. This experience is useful provided that it does
not stifle the other resources.

Engineering knowledge comprises the physical and natural
laws that fundamentally constrain a design. The designer
obviously has no control over these, but a good working
knowledge is essential in engineering design.

Experiment can yield a wealth of information in
circumstances where the corresponding theory is intractable
or necessitates a large number of approximations. Gregory
criticises the modern trend towards rejecting data giving
situations in favour of mathematical models.

Technology concerns the availability of ever increasing
amounts of information and the discovery or invention of new

methods and materials. It 1is often by applying new technology



that improved designs are made possible. However, there are
often problems in transferring technology from the

universities or research establishments into industry where

it can be applied. .

One major problem common to all these areas is that of
storing the information sensibly so that a designer might
readily call on it. This, in itself, is the subject of a
great deal of research.

2.1.2. Evolutionary and Innovative design procedures.

Many texts agree that different types of design work
can be distinguished according to the nature of mental activity
involved. Furman 4 distinguishes between repetitive,
evolutionary and innovative. Asimov e simply distinguishes
between innovative and evolutionary design; these classes
are depicted in figure 2.2.

Design by evolution is concerned with modifying or
improving an existing design concept to produce a new member
of a particular design family to a different specification.
The need for a new model might, for instance, arise from a
customer's requirements oOr a desire to enter a new market.
This process is exemplified by the motor industry where the
design of a new engine is a rare occurrence and more often
the bore, stroke or some other facet of the design will be
altered to satisfy a new specification. Thus, evolutionary
design can play a large part in the success Or failure of
industries, but suprisingly it attracts little attention in
design texts. This is probably because the processes are
often very specific to one pgrticular company and generali-

sations are difficult to make.
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2.1.3. Design phases

Most engineering design, whether innovative or evolutionary
in nature, passes through three phases. These are:-
(i) A feasibility study.
(ii) A preliminary design phase
(iii) A detailed design phase

These phases are clearly defined by Asimov 6. Ideally a
design would pass through each of these phases just once, but in
practice it is often necessary to feed back to an earlier phase
to crystallise or improve ideas. As these phases are being
pursued, the main activities of the designer are analysis,
synthesis and evaluation. Mesarovic 7 suggests the model of the

design process shown in figure 2.3.

3 0 S.Ynt

K)‘L
@
3
‘ -
Y
7 ;9
Design <§~\\\\E> 1y° Concrete
prescription ana

Decision

I

a/ada

Abstract

/

Need

FIG. 2.3 Mesarovics model of the design process

The designer here repeatedly circulates the cylinder

gaining greater and greater confidence in his concepts until



they are sufficiently concrete to form a design prescription.

Of course, not all designs will follow a steady, upward trend,
indeed, poor designs should never reach the top of the cylinder.
The model suggests that a systematic design method might be
achieved by controlling the progress of the line on the cylinder,
perhaps to avoid sudden drops. |

At the start of the feasibility study, the design task is
specified, probably in a design brief; this is in itself a
crucial step, as overspecification can cause as much trouble as
underspecification by imposing unnecessary constraints on the
design. The designer then identifies the factors limiting his
scope and produces ideas within these constraints in order to
obtain a number of feasible designs.

In the preliminary design phase, the feasible designs are
developed and analysed further. The benefits and shortcomings
of alternatives are compared, and if not considered hitherto
fundamental levels of practicability (such as the benefits of
using standard parts and processes) will be considered. At the
end of this phase, one or two concrete schemes are carried
forward.

The detailed design phase follows and here the exact
dimensions, tolerances and materials are decided. If possible,
performance analyses are carried out and estimates made of
reliability. Essentially this provides a last opportunity to
modify the design before draughting of production drawings and
prototype production.

2.1.4. Design problems
Probably the most difficult task of the design process is

to determine what the real design objectives are and to set
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these down as a design brief or specification. Cain 8 suggests
a number of requirement categories for the brief, but in most
cases the brief is fairly open-ended; for instance to increase
the power rating of a motor, or reduce the noise level of some
machinery. In these cases, it is only after the first analysis
phase that the true specification emerges.

The remaining problems can be split into three broad
categories: satisfaction, optimisation and standardisation,
these being the ones implied in the design aim, "to find the
best solution using the available resources'. These problems
arise in all phases of the design process. Satisfaction concerns
the achieving of a basic aim, for instance to attain a specified
power. Optimisation ensures that the method is the best in
some respect, and standardisation ensures that the solution ties
in as closely as possible with the company standards and
philosophy.

As Gregory 9 points out, decision making plays a very
large part in all these activities. These decisions can never
be made with certainty of the outcome. Decisions taken early
in the process can set a design off in completely different
directions and the full consegquences may not become apparent
until much later. Even then, unless the chosen design proves
inadequate, other possible solutions may not be investigated.
The design tree (Marpleslo) shows this situation clearly.

In figure 2.4, at the top of the tree is the basic problem.
As we descend the tree, the different possible solutions and
their consequences are expounded. Even for a simple engineering
component, the tree will have many branches.

By using the available resoﬁrces, the aim is to reduce

the indecision so that a logical solution can be pursued.

'4
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(The arrows show one possible solution)

FIG. 2.4 Marples' design tree

In addition to the resources mentioned earlier in this
chapter, a number of design aids can be very useful in this
task. However, inevitably a compromise must be made between
uncertainty and resource expenditure.

2.2. Company constraints

In this section we consider the design process more
specifically in relation to the sponsoring company. This
leads to a better definition of the project aims.

2.2.1. Solution approach

The sponsoring company produces mainly axial piston
machines. Design work on these units is confined to the
production of new models and the improvement of existing ones.

Although new ideas are often fed into designs, the need to
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ate ideas is not as great as is necessary at the start

of innovative design processes. This aside, the design
process of the company is similar to that described in

section 2.1. During the process there is a need to

assimilate - information from a variety of sources, to be

able to analyse and evaluate this, and to make decisions

accordingly. (A full description of the company's original

design method is given in chapter 3).

In the company's experience there had been no shortage

of ideas, but these were not processed formally and were often

lost.
exper

knowl

Nor was there any shortage of information; development
ience, company reports, applied research and engineering

edge were all available, but this information was not

stored or organised effectively. In sponsoring the project,

the company hoped for an improvement in these aspects within

the t

imescale of the project.

In order to achieve this improvement, the horizons of

the project were limited to three basic approaches:-

(1)

(i1)

(iii)

To decide on the best procedural form for
the design; that is the best way in which
the various inputs to design (experience,
research, experiment etc.) might be
coupled to produce that design, and the
benefits this might have for the designer.
To determine the nature of a systematic
pump design and produce the flow chart or
procedures that would control this design
activity.

To decide how any design procedures
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might best be adapted to the ergonomic needs of
the user.

This narrowing.of the project scope is shown

schematically in figure 2.5. '

All three approaches listed above might be adopted 1in
parallel for the greatest improvement to the deéign method.
‘However, in order to make rapid progress on the project
despite the limited resource of one man, I decided to adopt
brimarily approach '(ii)' and to draw in aspects from '(i)'
and '(iii)' as and when necessary.

At the same time it became necessary to limit the
project in another respect. Although the design of pump
running gear (figure 1.4) was effectively an evolutionary
design task, the design of casing for these units was much
more innovative, depending greatly on the duty of the pump or
transmission. This latter task could not be accommodated by
the approach adopted and, therefore, casing design had to be
omitted from the project.

2.2.2. Aid category adqpted

There are a number of categories of design aid which
might be used to help a designer in various activities of
the design process. These range from mental aids to
analytical tools and from aids to creativity to basic
memory aids. Some of these were reviewed early in the
project (see appendix A) to discover which might be of
most use. These aids can be divided into three broad
categories; mental aids, analytical aids and data generators.
The mental aids, such as brainstorming and synectics are

intended to help the designer's conceptual skills. Analytical
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aids enable the designer to advance in specific design pro-
cedures; they include charts and manuals. The data generators

include the use of model testing and experiment. Of these,

the analytical aids are most suitable for use as a basis for
systematic design procedures. This is shown in figure 2.5.

The class of aid can be further divided into two sets
which we here define as non-computerised and computerised.
The non-computerised set comprises charts, tables and manuals
and the use of calculators to evaluate engineering equations
or transpose values from one chart to another. This set

enables convenient storage and evaluation of information.

Furthermore, if the charts and manuals are well designed,
they can also aid decision making by presenting results
clearly to the designer.

The computerised set is an extension of the non-
computerised set and covers a range from programmable hand
calculators to large computers. These aids enable
programming of the method and order in which non-computerised
aids are used, the charts, tables and manuals usually having
been converted to a form suitable for storage in the computer.

This is all that will be said of design aids for the
moment. The development of a new design method using these
aids will be described in detail in Chapter 4.

2.3. Human perspective

Figure 2.6 shows the task of improving design procedures
from the job design point of view. It is essential to
consider this aspect if new design methods are to be
implemented successfully. The area within the dashed lines

represents the various stages of job design. Outside this
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area are shown the external factors which determine the job;

a few of these were defined in section 2.2; the remainder

are defined in chapter 3.

In this section the general requirements of system
users are described. This information will be useful both
in establishing the final objectives of the project, and in
devising new design procedures.

2.3.1., Motivation and job satisfaction
Motivation and job satisfaction are often coupled in

discussions about work, however, the two are quite distinct.

For example one employee might be quite satisfied with his

job but uninterested in progressing his career, another might
be dissatisfied with his lot but motivated to improve it. In
most cases some balance between job satisfaction and motivation
is desirable for the employee or employer. If the job is

well designed the balance can prove desirable to both
simultaneously.

Ross 11 suggests that the significant forces that
motivate a man are the pursuit of esteem, security, knowledge
and happiness. These may be categorised into three areas:
personal factors, task factors, gnd organisational factors.
Thus if we take 'security' and relate it to the three
categories; in the organisational sense a designer might be
worried about the policies Or success of his company; in
the task sense he might doubt the worth of his job+4 the

personal aspect might be concerned with financial or family

matters.

This method of classifying the factors in two dimensions



is particularly useful when trying to increase job satisfac-

tion in workers. In table 2.1 the factors that Herzberg 12

suggests are pertinent to motivation are classified in this

way. ‘

Using this table it is easy to spot the factors that
can be altered by re-defining the job or reviewing company
policy. Herzberg found that the most important factors
were achievement, recognition, work itself, responsibility
and advancement., Thus with reference to the table we would

expect that much could be achieved by careful design of

the job.

The survey carried out by Herzberg studied a sample
consisting of engineers and accountants. The results from
the two groups were similar, but it is noteworthy that
the major difference was the pronounced interests, of engineers
in responsibility and accountants in advancement.

The most important factor of those studied was achievement.
This probably arises from the worker's desire to spend his time
usefully. In this respect it is not sufficient for him to
achieve something unless he recognises the fact himself.

Returning to figure 2.6, the above factors should be
considered at the 'allocation of function' stage, before
any new design method is formulated.
2.3.2, DPsychological Factors

In considering psychological factors we are trying to
avoid four mental states; fatigue, boredom, confusion and

frustration. With reference to figure 2.7 we would like to

design a job to be centrally placed within the square.
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FIG. 2.7 Mental states to be avoided

To do this we need to know about response times,
short term and long term memories, and channel capacities
of humans. These are very general concepts and it is as
well to remember that all individuals are different and
there are serious dangers in catering only for the average
man. Nevertheless, these concepts are still valuable in
job design; they are considered in detail by Martin 13.

Response time is most important with computerised
aids. With non-computerised aids, eg. the chart-manual-
calculator set, the designer may Progress at his own pace
unhurried. However with a computerised system care must
be taken to ensure that the designer is not hurried or
made to wait as this will lead to a reduction in his level

of concentration. Figure 2.8 shows this more clearly.
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Memory and channel capacity concerns the number of
items of information-which a designer can absorb and
retain. A figure of seven has been experimentally found
for these 140 However, this should be interpreged
carefully. It would be unreasonable to expect a.designer
to work with seven design charts simultaneously, but more
reasonable to present him with an option list of seven
alternatives in a computerised system.

These are just two examples which demonstrate again
the importance of considering the user's requirements when
planning to alter his job. All of these aspects will be

considered when the new design method is developed in

Part II of this thesis.
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3.0. DEFINITION OF COMPANY'S FINAL BRIEF

In the last chapter, some of the factors affecting the
solution approach weére expounded. This led to a narrowing

of the project scope and a decision to concentrate on

[

improving the company's pump design procedures. In the

second section of this chapter (section 3.2) the final

objectives agreed by the project committee are described.

Before this, in

section 3.1, a more detailed description of

the company's original design procedures is given. The last

section of this

solution approa

chapter (section 3.3) introduces the final

ch adopted for the project.

3.1. Description of the company's original design procedures

The design
heavily on a de

restricting and

method used within the company in 1975 relied
signer's ability to recognise the criteria

affecting the design. Unfortunately this

meant that his memory was relied on as much as his experience

and judgement,

past designs or

simultaneously.
To allevia

dependent on th

especially when drawing on information from

trying to satisfy several criteria

te this situation and to make designers less

e supervision of an experienced engineer a

design manual had been produced summarising the basic

procedures.
The way in
organised was a

A senior e

which design work on each new contract was

s follows.

ngineer was allocated responsibility for the

contract, but much of the preliminary design work was done by

one or two 1less
endeavour to es

pursuing design

senior designers. These designers would
tablish the viability of the contract by

alternatives at the drawing board. Feasible




designs would be pursued as far as a draft scheme layout at
which point the senior engineer would select a scheme to be
checked and passed on to the detailed drawing phase. The
design procedures used by the designers consisted of two

operations performed alternately as shown in figure 3.1.

Attempt
START abandoned
or NN Feasible design
DESIGN ) for comparison
Y le51§n with others
% - mod.
posSsible
N
Desig
Y consistent N
?
Select ’ Establish the
design consequences of
parameter or this selection

parameter value

e

FIG. 3.1 The original design procedures of the company

The designer would first use his judgement to select
various design parameters; this selection might be influenced
by experience OT development work and would include calculations
to satisfy one or more design criteria. He would then
establish the consequences of this selection; this would
usually define further parameters. These consequences would

be established by either drawing,referring to the design
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’manual, or using fundamental engineering equations. The two
operations described above would be repeated until either

the scheme layout wds complete or an incompatibility was

encountered.

4
Early in the project I undertook the design of a new

model using these procedures. This was reported in detail at
the time l5; a summary of the method adopted is shown in
figure 3.2. In addition to this 'user trip', I used two
further methods to evaluate the company's original design

procedures:

(i) Drawings of existing pumps were examined. This

not only showed the variety in designs but also
made it possible to establish the critical
dimensions from a tolerancing point of view.

(ii) Design attempts of other designers were
examined. Particular attention was given to
those schemes that were abandoned during the
design phase as these highlighted problem
areas.

A number of features became apparent during this
evaluation.

(1) The pump design constraints fell into a
number of categories; strength, stiffness,
lubrication, geometric. One design
decision might have to satisfy several of
these.

(ii) Before drawing could be commenced it was

necessary to make a large number of simple

calculations to ensure geometric

compatibility.
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- (ii1) Drawing of components in their assembled
positions was inadequate for assessing the
effects of tolerance build up or for checking
geometric consistency in the third dimePsion.

(iv) The design manual was useful only as a

reference seurce; as a design guide it Qas
inflexible and tended to over limit the
designer. It also contained insufficient
explanation of the design formulae to be of
general use in design.

At this stage of the project a distinction emerged
between complete or full design (the process described so
far) and design modification. Design modification entails
one or two components being re-designed subject to the
constraints of those parts not altered. Although the extra
constraints make this a more difficult engineering problem
the designer has only a few factors to consider simultaneously.
In contrast for a full design, the designer has few rigid
guidelines, but must handle several constraints and criteria
simultaneously.

Both full design and design modification featured in
the company's work, it therefore became apparent that any
improved design method would have to cater for both of these
activities.

As a result of this evaluation, two ways were suggested
in which the company's design procedures might be improved.
(1) To establish the origins of the design formulae

used, to assess their validity.
(ii) To rationalise the designer's decision order

so that a final scheme produced was always
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consistent.

These suggestions were put before the project committee
before the final objectives were decided.

3.2. Objectives of the project

4

As described in Chapter 1, the main aim of the project
was an improvement in the company's design method so that
the design and development lead time was reduced. The
company suggested a nominal reduction of from four to two
years. In order to achieve this reduction,initial production
drawings would have to be nearer their final form, so
that time and cost could be saved in the development phase.
However, as shown in figure 3.3, neither the cost nor the
time taken for the design phase would necessarily have to be
reduced. This is because the four years mentioned above is
typically made up of less than one year's design work
followed by over three years of development and design
modification, and the unit cost of development time is also
much higher than that of design time. Thus, although
alteration to the design procedures (to reduce the amount of
trial and error or eliminate the tedium of draughting) might
in fact increase the design cost or time, this would be
acceptable provided that the result was the more certain and
systematic design procedures necessary to a shortened
development phase.

This was one factor influencing the definition of final
objectives for the project. Another was the disposition of
the designer.

The subjects of job satisfaction and motivation were

discussed in section 2.3. Naturally any modified design
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- procedures had to be acceptable to the designer, but more
than this, if a designer was to be allowed to exploit his
own ideas and judgement, then he would have to be able to
understand and cope with the new procedures. Tnese subjects
were discussed by the project committee and during the
discussion the following final objectives of the project

were defined.

Final Project Objectives

(i) To devise 1logical and systematic procedures
for designing axial piston pumps with more
certainty.

(ii) To find the best way of presenting these to
the designer.

(iii) To implement these procedures in the existing
design office environment.

(iv) To monitor the use of-the design procedures
and subsequently evaluate them.

The last of these objectives was necessary to an
appraisal of the project and a comparison between the
original and modified design procedures.

The first two of these objectives were expanded into
a number of requirements that any modified procedures had
to satisfy.

(1) They had to be easy to understand and use,and
require little specialised knowledge (other
than of engineering) on the part of the
designer.

(ii) They had to be pleasent to use so that a

designer would be motivated to use them.




Lo

(iii) They had to be versatile enough to cope with
deviations from normal design practice.

(iv) Updating and other improvements had to be

easily implementable.

(v) The procedures had to make full use of
scientific research, and experience gaiﬁed
through development and testing.

3.3. DProcedure adopted for problem solution

The problem to be solved for the sponsoring company
was defined by the objectives and requirements stated in the

last section. The solution planned comprised of two major

tasks; first a systematic pump design method had to be
produced, and then this had to be implemented in the design
office environment. These two tasks are described in parts
II and III of this thesis respectively.

Before these tasks were begun, each was divided into a
number of steps as shown in figure 3.4.

Essentially the first task would entail devising an
ordered approach to pump design, then selecting the specific
aids to pursue this approach, and finally developing the
resulting procedures until the first task was complete.

The second task would entail first adopting a strategy
for introducing the new design procedures, and then
pursuing this through the implementation and release periods.
Throughout these periods the new design method would have
to be closely monitored, and maintenance and modifications
made as necessary.

This would complete the problem solution and by this

time the new procedures would be fully implemented and in use.

¢
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Having stated the objectives of the project and planned
a solution, it was essential to decide on the criteria for

evaluating the outcome so that the degree of success could

be assessed at the end of the project. ‘

The final result had to be a new or modified design
method implemented in the company and accepted By the design
office staff. The ergonomic success would be deduced from
the response and opinions of the designers. The technical
adequacy would be tested both by work on existing proven

designs and work on new contracts. The new procedures would

have to predict correctly the adequacy and performance of

existing designs. However, assessment of work on new
contracts posed a problem.

Even if the design and development time was reduced to
two yeérs and a new contract was commenced immediately after
implementation of the new procedures, this would still not
allow enough time for a full appraisal of the project
success within the timescale of the project. Furthermore,
the variation of lead time for different contracts would
render this approach inconclusive anyway.

It would nonetheless be possible to look for trends in
any new design work and compare these with previous contracts.
The opinions and experience of design office staff and
management would provide useful information in this respect.

The general way in which the procedures were used would
supply further evaluation material. For instance, to what
extent were the procedures used for design and design
modification; how often, for how long, and by whom were the
new procedures used; how frequent were implementation problems

and how difficult were these to correct.
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An examination of this information would allow a
comprehensive evaluation of the new design method at the end

of the project. Thé success of the project could then be

assessed by comparing the original and new design methods.
This third and final task of evaluation is described in part
IV of this thesis.

The way in which these different tasks are reported in

the thesis is shown in figure 0.2 in the Preface.
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4.0. SELECTION OF DESIGN SYSTEM TYPE

In Part I of this thesis the objectives of the project

were defined and the general solution approach was decided.

This approach entailed the use of analytical design aids to
improve the pump design procedures of the company. In this
chapter firmer plans for the new design procedures are

developed. Figure 4.1 summarises the decisions made during
this development and relates these to the chapter sections.

4.1. Adoption of synthesis approach to design

As mentioned in chapter 3, the first two objectives of

the project were:
(i) To devise logical and systematic procedures for
designing axial piston pumps with more certainty.
(ii) To find the best way of presenting these to the
designer.
These tasks were onerous as the ties between the
various design criteria were numerous and involved. The
aim was to guide the designer simply through successive
steps, in effect to reduce a multi-dimensional problem to a
more linear sequence. This suggests the need for
administrative sections within the design system to co-
ordinate the different design tasks. Figure 4.2 shows the
different administrative levels.
At the highest level, the different design regions are
co-ordinated. Below this are the levels that control the use
of individual analytical tools. Lower still are levels that

control the iterative procedures for analysis. The number of

levels requiring designer involvement depends on the type of

system adopted.




8dAq wershs udissp Jo uorrderes ‘v ‘HTJ

v°v uoy3oeg oISvVd NYHIHOJ
JoIvInoIvo
¢*¢°y uoTy08g YHEINAWOOINII dOTASHa
i ANTHOVW ANTHOVI
w 2 ¢y uor}osg ASNOH-NI nvaynd
(2°v uotr309g) (¢°v QOﬁLommv
SaIv SaIv
AUSTYATININODI-NON AISTYAININOD
HOVOMddY HOvVOuddyY NOIIYROINY
1°y uotr3oeg SISATVYNY SISHHINAS NDISAA

SHINAEO0Md NDISHd NI
INHNHAOHINT




- 29 -

OVERALL PUMP. DESIGHR

Y

\% .
Level 1: Cylinder Journal etc.
block bearing
;;Fign ///j;sign
Level 2: Geometric Strength Geometric Lubrication
analysis and analysis analysis
stiffness //////// \\\
Level 3: Deflection Stress Thermal Prediction of
calculation calculation analysis clearances

FIG. 4.2 Administrative levels to be incorporated into
the design system

Parton 16 classifies two types of design system:
synthesis orientated and analysis orientated. Add design
automation and there are three categories to compare.
These are summarised in fig 4.3. These three categories
will now be discussed in turn.

According to the '"design by analysis" philosophy, the
designer is relied on to organise the use of the individual
design aids himself. ©No administration is incorporated at
this level. The designer is responsible for ensuring that
all the necessary criteria are considered in a sensible
order. This often involves a large amount of trial and
error as the proposed schemes are checked against each
criterion in turn. Because of the time taken to do this

and the tedium involved, rather than produce a number of
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feasible schemes, the designer often settles for. the. . first
that satisfies all the criteria. Although this scheme will
often be successful; the designer never discovers how
attractive other alternatives might have been, for instance,
whether selection of an alternative would have allowed
slackening of tolerances or use of cheaper materials.

Design automation is at the other extreme. The designer
specifies the performance of the pump desired and thereafter
the logic and administration is dealt with by a computer,
the criteria having been specified in a suitable algorithm.
In effect the designer is reduced to an operator and the real
design work is done by the programme writer. It is difficult
to devise algorithms adequate for designing sophisticated
machinery; in addition to the technical complexity, optimising
criteria have to be defined for weight, volume, shape and
other such parameters. Although designers normally consider
these criteria automatically, they would find it very
difficult to specify them rigidly for a programme.

The ''design by synthesis" category lies between the
other two categories. The administration and routing are
built into the system, but the designer participates in the
decision making. He is required to make value judgements
subject to the constraints presented by the system. This
leaves overall responsibility for the design with the
designer. As with design automation, the difficulty is in
establishing suitable algorithms. It is essential to
arrange the administrative levels to ensure that the designer
considers the necessary criteria at the right time. However,

once this is done, a more systematic design method results



enabling more thorough evaluation of design alternatives.

Each of these categories was considered as a basis for
improved design procédures. From the discussion above, the
synthesis approach emerged as the favourite.as Lt gave the
best compromise between the quality of the design produced,
and the time and effort required to produce it. However,
before a selection was made, two further points were
considered: the suitability for the designers, and the cost
of the system. The following argument provoked the final
decision,

As described above the analysis approach is inherently
tedious and repetitive and often bores and frustrates the
designer. This not only makes him dissatisfied but is also
reflected in the standard of work produced. The other
extreme, automation, effectively reduces the designer to
the role of operator. This reduces his sense of achievement
and again results in dissatisfaction. The synthesis approach
is a compromise between the two. The tedious tasks are
performed by the system, but decision making is left to the
designer. This approach is far more attractive to the
designer.

The costs of the different alternatives are difficult to
assess as they depend greatly on the way in which that
alternative is developed, but noneof the categories were
ruled out on the grounds of excessive capital cost.

However, maintenance costs did feature in the argument.
Maintenance costs of the analysis and synthesis approaches
were thought comparable, but to maintain the effectiveness

of an automated system was thought more costly. This is



because modifications to an automated/system are continually
required if the flexibility is to be ensured. With the
other two categories,certain minor modifications can be

accommodated by the designer. ¢

As a result of these arguments, the synthesis approach
was selected for further development. The other two
alternatives were dismissed.

4,2, Non-computerised aids

In chapter 2 the analytical aid category was divided
into two groups, computerised aids and non-computerised aids.

Before either of these could be adopted for the synthesis

design approach, it was necessary to develop each in the
context of the project to discover which was the more
suitable. This section describes the development of the
non~computerised group.
4,2,.1, The manual-chart-calculator set

At the start of the project, a design manual already
existed. This set out guide-lines for the design of the

different components of the pump, and was constructed in

such a way as to ensure a geometrically consistent design.
However, the consistency was only achieved by rigidly
specifying relationships between the different parameters.
This led to inflexibility in the design procedures and
discouraged the designer's innovative talents. These points
were borne in mind during development of the new set.

The new set entailed the use of a manual, charts and a
calculator. To save time, the set was developed Jjust

sufficiently to enable assessment of the probable adequacy,

consequently, no full manual was produced. However, examples
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of a number of the aids devised are given in appendix B.

Figure 4.4 formed the basis for the main administrative
section. This showed the relationship between the
different design regions and effectively gave an advised
design order. The different design regions were dealt with
individually in separate sections of the manualg the
relevant design equations and codes were listed in the
appropriate sections. For simplicity, peripheral aids
(such as check lists of bewares and tables of material costs)
were not considered. However, a number of different design
chart types were explored.

The overall flow chart has already been described.

The use of design charts enabled simplification of both
the analysis and administrative tasks. Unfortunately, the
form of design charts is often limited by the form of the
governing equations. This is a major limitation as the
benefit of graphical presentations can be lost by the
difficulty of using them. This was true of the nomograms
produced for the design manual. Although they enabled
graphical presentation of elaborate equations, the forms
they took were not easy to interpret and use.

This problem of interpretation was partly reduced by
asking the designer to use two charts simultaneously, rather
than a single more complicated chart. The designer was then
asked to co-ordinate these to satisfy the particular criteria
in question.

This introduces the role played by the hand calculator.
It was used for two tasks: evaluating the design equations

given in the manual, and transposing variables from one
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- chart to another (this latter task was specially important
as dimensionless variables were presented). Thus the
calculator required'was of the non-programmable type, (the
use of programmable calculators is considered ip the
computerised aid category).

This briefly describes the arrangement of the non-
computerised system developed. This is now evaluated.
4.2.2. Evaluation of the non-computerised system

Although the system described above was very basic, it
was developed sufficiently to allow an evaluation of the
non-computerised approach. The system showed promise, and
there was scope for considerable improvement, but four
major shortcomings were discovered.

(i) The administration required could only be
achieved by the use of flow charts and
comprehensive cross referencing and
indexing. 1In effect the designer's
progress had to be programmed into the
manual by means of notes and conditional
clauses. This made the system awkward and
confusing to use, at least until the
designer became familiar with it.

(ii) The system became lengthy because of the
amount of administration required. This
meant that design runs would be long, even
once the designer had become conversant
with the system. A design run time of
2-3 days was estimated.for production of a

single consistent design.



(iii) The task of maintaining such systems is usually
difficult. As already described, the form of
design charts often depends on the equation
form. Introduction of new design criter'ia can
cause changes to these equations necessitating
major alterations to the design charts.

(iv) After production of some of the charts shown in
appendix B, it became apparent that certain
criteria (for instance lubrication criteria)
were so complex that they could be neither
evaluated rapidly nor reduced to generalised
charts. Only the use of a computer enabled
these criteria to be established accurately.

This meant that the non-computerised approach
had to incorporate an interface with a computer
anyway, resulting in a hybrid system.

Although this was quite feasible, it offered

no advantage over the fully computerised
system.

Two of the problems listed above (those of adminis-
tration and maintenance) applied also to the computerised
category of aid, and before a final selection was made it
was necessary to develop and evaluate this second category.
This is reported in the next two sections. However, as will
be described, the flexibility obtained through careful
programming enabled these problems to be overcome and led
to the adoption of this aid category. The non-computerised
aids were then discounted and -effort was concentrated on

developing a suitable computerised approach.
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4,3. Computerised aids

This section describes the development of the computer
ailded approach to désign that was eventually adopted in
preference to the non-computerised approach deqcribéa in
the last section. The selection of the interactive
programme running philosophy and the minicomputer class of
machine is now justified.

4.3.1. Interactive computing

The object of using computer aided design systems is
to find a compromise between a totally automated system and
one relying too heavily on the designer's inemory and stamina.
The aim is to introduce the right degree of administration
into the system to allow the designer to use his discretion
and judgement, but to show him as early as possible the
consequences of his ideas, thus preventing him from wasting
his time with fruitless alternatives.

Clearly a computer can help, with the analysis at
least, by performing numerous calculations very rapidly.
However, the full benefit of the speed of a computer only
becomes apparent if an effective dialogue is arranged
between the computer and the user. This explains the increase
in popularity of on-line systems over the last ten years.

Oﬁ—line is the term used to describe the situation
whereby the user can communicate directly with the computer
and normally receives a reply within seconds. The cost of
computer installations means that on-line systems can only
be justified economically by the use of time sharing.

With time sharing several computer users are served

simultaneously by one computer. The computer performs a
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loop, servicing each user in succession, however, because the
speed of calculation is so fast, it completes each circuit

in a matter of milli-seconds. Even allowing for periods

of pure calculation, each user receives a response from

the computer within a matter of seconds. Popell 17 describes
these concepts more thoroughly. |

This kind of system enables interactive design work;
that is, design work in which a rapid dialogue takes place
between the designer and the computer during which the
designer's decisions are evaluated and the consequences
established. The necessary administration for the design
procedures is programmed into the computer software. In
effect the resulting programme is a computerised design
manual, but instead of telling the designer to: '"Turn to
page 64 if the piston neck stress is too large and the bore
cannot be reduced without increasing the pitch circle
diameter", this logic is programmed into the system.

These advantages led to the adoption of the interactive
programme running philosophy. It remained, however, to
compare the different computerised aids in this class.
4.3.2. Minicomputers versus mainframes

Computers can be classed according to their memory*
size and cost into two groups, minicomputers and mainframe
computers. Broadly speaking a minicomputer does not exceed
a memory size of 150K or cost more than £80,000

(1978 prices), a mainframe 1s not less than 200K in size

* See Glossary of terms for definition.
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and does not cost less than £100,000.

Minicomputers are often found in individual company
departments. HoweVer, if a company is affluent enough to
own its own mainframe, then it usually constitgtes a
separate company department, offering a service to other
departments. |

The use of mainframe computers usually takes one of
two forms. Either the computer is on or near to the
company premises and readily available (in-house), or it
is remote (often this is a computer bureau) and connection
is achieved through a telephone link.

For this project no local mainframe was available.
The choice was thus between buying a minicomputer and using
a bureau. (Desk top calculators are considered separately
in the next section). Table 4.1 compares the costs of
these two alternatives.

When hiring computer time from a bureau, three types
of costs are incurred; connection charges paid to the
bureau for the privilege of being on-line, 'mill time'
charges depending on the amount of actual computer time
used, and finally communication charges paid to the G.P.O.
for the use of the telephone link. The main costs
incurred with the minicomputer are the capital costs and
maintenance costs. As shown in table 4.1 the minicomputer
is cheaper for on-line use.

The following points relate to this table:-

(1) The cost rate for the minicomputer is obtained
by assuming that it is in use continuously

8 hours/day. (This is a reasonable average



Teqndwo) nesang A I94ndWOOTUT) :0SN OATIOBIBIUT Jo0J uosTtavdwod 350D T°V w1dVd

(seotad g/ uBp UO p8SEQ S1S00)

8X002
Iu/Lez I4/3500 I9/T13 000LT  JIu/1s0Q

xk/skap 00z :esq

IK/000LT 18107
Iy/ g §3800 ,2WTy} [TTw, Pe3BUWIISYH I£ /00001 welshs oFvuBW 01 JIBLIS BIIXY
h:\ G §88I8YD UOT108UUOD H%\ooom %0T 18 1S0DO 8JOUBUSQUTIBY
I4/0g "L 823I8BYO UOTIBOTUNWWO) H»\OOOm sawahk ¢ Jx8a0 poare1daxdsp 31S0D
it ¥

000023 3S00 Tejtde)

JELAdNOD AVEYNg YYLNdWOOININW




- 39 -

as the computer may be used overnight, or it

may be used time-shared to serve several

users).

(ii) The rate for the bureau service is deterhined
by hire charges alone. This does not include
the extra cost of peripheral equipment that
might be desirable (e.g, graphics terminals,
line printers).

This comparison showed that the minicomputer was
economically the more attractive alternative. However, the
company had to consider two further aspects before the
minicomputer could be thought a viable proposition. The
size had to be large enough to accommodate the design
software envisaged. An estimate of 20K was made based on
programming experience. This criterion was satisfied by
most minicomputers. Also the company had to be prepared
to make a commitment to software development and
maintenance to supplement the programme libraries and
service offered by the manufacturer. This was accepted by
the management. The minicomputer was then accepted as
being preferable to the mainframe alternative.

4.3.3. Minicomputers versus desk top calculators

The range of minicomputers and desk- top calculators on
the market is very large; in the last year or so the two
machine classes have become virtually indistinguishable.

A particular machine should now only be classed according

to its memory size and calculation speed. However, to
simplify the comparison of thé'different types, the

distinction that existed at the start of the project,




- 40 -

between the classes, is kept in this thesis. With this in
mind the two classes were each considered as a basis for
the modified design‘procedures. Table 4.2 shows the
salient features of the two classes as they related to the
project.

The first two points in the table appear to be in the
favour of desk: top calculators. Certainly these machines
enable rapid, more straightforward programme development;
this is of particular benefit to the novice programmer.
However, this tends to result in programmes with a stereo-
typed form of interaction; these are unattractive as design
tools. Just as there is an art of producing design manuals
and nomographs, there is an art of writing interactive
programmes and it is a mistake to underestimate the
difficulties of producing effective software. (This point
is expanded later in the thesis). The minicomputer,
though more cumbersome to programme, allows much more
flexible interaction to be built into the programmes and
enables production of more effective design tools.

The small memory size of the desk top calculators was
of great importance in this project. The estimated size
of programmes for stress analysis and lubrication analysis
was about 20K, too large for the desk top machines.

Points (v) and (vi)in table 4.2 were of particular
significance to the company as other employees working on
a different project were then looking at the feasibility of
automating the control and data logging for experimental
test rigs. This made the alternative of a single multi-

user minicomputer to serve the tasks of design work and
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testing work very attractive. Cleife 18 argues this point

more thoroughly. The project committee considered that

these benefits meri&ed the extra cost of thé minicomputer.
The desk top calculator was the last aid to be

considered in the computerised category. (The programmable

hand calculator was regarded as a much cheaper, but far less

versatile variant of the desk -top machine and therefore
also inadequate). A decision was thus made, to use a
minicomputer with multi-user capacity as a basis for the
design system. This was the framework to which subsequent
project work was directed.

4.4. General programming philosophy

In this final section of the chapter, the basic
programming philosophy adopted for development of a
computerised design system is expounded. Three topics are
considered in turn, the question of programme loop size,
the use of graphics, and the choice of programming
language.

4.4,1. Programme loop size

In section 4.1 the possibility of a totally automated
design system was considered, but rejected. Figure 4.5
shows a flow chart suitable for such a system. In this
flow chart there are a number of iterative loops of
different lengths and we might expect to be able to
optimise the programme loop sizes for efficient programme
operation.

In the case of a computer aided system, (the option
adopted in section 4.1), the situation is more complex as

the designer is required to interact with the computer at
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certain stages of the loop. We must, therefore,\COnsider,
the psychological factors discussed in section 2.3.2.

Suppose that a.designer successively made a number of
decisions pertinent to the pump design only to be told at
the end of a long sequence that the design was inadequate.
This would be both frustrating for the designer and time
consuming. It is desirable to advise the designer of the
adequacy of his decision as soon as possible after he has
made it,so that he may alter it if necessary. Indeed, if
possible the designer should be informed in advance of what
will and will not work. To achieve this, the loop in which
the designer appears to be must be small, (although the
computer may have to perform many iterations for each loop).

These points will now be demonstrated using two
proposals made early in the project for preliminary pump
design programmes. In the preliminary design, the designer
has to decide values for the primary design parameters;
piston number, swash angle, piston bore and piston pitch
circle diameter. These are the parameters which define
the flow capacity of the unit and also the shape of the
running gear. Once decided these parameters restrict all
other design decisions.

Figure 4.6 shows the first proposal. As can be seen,
the salient design regions are tackled in turn and the
designer is asked to modify his choice if at any stage the
design proves inconsistent. A distinctive feature of this
proposal is the HELP facility whereby the computer 1is
requested to pursue an inconsistent design, choosing

reasonable values for further required data and finally
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returning with a suggestion as to how the designer should
alter his choice. Thus, the designer appears to be in a
small loop. Howevef, it is possible that in some
circumstances, even after taking the computer'§ advice,
the designer would find it impossible to achieve a
consistent design. As mentioned earlier, this would be
both frustrating and time consuming.

Looking at the flow chart, it is not obvious how the
programme could be improved by the use of different loop
sizes, and in principle the HELP concept seems sound.

In fact the problem is in the serial structure of the
programme. The design regions should not be considered
successively but rather simultaneously. This was the
philosophy of the second proposal.

A flow chart for the second proposal is shown in
figure 4.7. The first part of the programme is similar to
that of the previous proposal, but subsequently the chart
splits into a number of parallel loops. The designer may
execute these as often as he likes and in any order. After
executing them all, he can see immediately which constraints
are limiting his choice of primary design parameters, and
only at this stage need he choose values for them.

Both serial and parallel loops were used in the
design system developed. The parallel loop philosophy
was used predominantly in the preliminary design programme
in which the primary design parameters are selected.
4.4.2. Use of graphics

The use of graphics 1is essential in the parallel

loop philosophy described in the last section as it is the
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clearest way in which several constraints may be presented
simultaneously. Graphic presentations are useful in most
design programmes. .However, there is a limit to the amount
of information that can be represented in two dimensions
and so the form of displays has to be chosen carefully.

In effect we are adding extra dimensions and
flexibility to the kinds of design chart discussed in
section 4.2.1, but now we can arrange to display only that
chart of specific interest to the designer at the time,
rather than some generalised or non-dimensionalised version.
We can also enable him to quickly repeat displays with
selected parameters modified.

In this way the graphics can be kept clear and simple
and so help rather than confuse the designer.

4.4,.3. Programming language.

At an early stage of the project it was necessary to
decide on a language to be used for the design system. A
number of computer languages, Fortran, Algol, Basic, APL,
are well suited for engineering programmes. However, only
two alternatives, Fortran and Basic, were seriously
considered. There were two reasons for this. First the
language selected had to be available on the University of
Aston computer so that early system development could be
done there prior to purchase of a minicomputer. Secondly
the language had to be offered by a number of minicomputer
manufacturers, so that this did not later impose a restraint
on the selection of the minicomputer. Only Fortran and

Basic satisfied these criteria.

These two languages were originally intended for
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‘different purposes. Basic was written for on-line
programme developmept and running whereas Fortran was a
more technical language not specifically designed for
interactive use. However, since their conception,
boundaries have shifted somewhat and now Basic is sometimes
used off-line and Fortran on-line. The comparison shown

in table 4.3 shows the main points that were considered
when selecting the language.

To consider these in more detail, the first two are
concerned with input/output. Although Basic is simpler
in these respects, it is not difficult to develop extra
software to bring Fortran to the same standard.
(Essentially the aim is a system which accepts unformatted
data and copes sensibly with erroneous input).

The compulsory numbering of statements in Basic is a
disadvantage as it makes programme development and
maintenance more difficult. Many Basic systems incorporate
automatic numbering and conventional editing but this then
leads to the problem of programme compatibility between
different Basic machines. In practice the statement
numbering also limits the maximum size of Basic programmes.
With Fortran the maximum size is only limited by the memory
size of the computer.

The facility of mnemonic variable names in Fortran is
2 benefit as it results in programmes which are easier to
understand and maintain and lends itself to standardisation
of variable names.

Finally the benefit of being able to input arithmetic

expressions directly in Basic can be off-set by using a
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hand calculator in conjunction with a Fortran programme.

After considering these factors and also the degree of

standardisation and technical flexibility that has been

achieved with Fortran over the years, this language was
selected. Programme development was then begun in earnest.
As far as the designer is concerned, this decision
has little relevance as naturally the dialogue between the
design system and user must be in English with error-
proofed input and output. However, the decision was

significant for system development. This is the subject

of the next chapter.
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5.0. CONCEPTION AND DEVELOPMENT OF THE 3-STAGE C.A.D. SYSTEM -

Having decided'which type of system is desirable, we
now pursue the construction of this system justifying,
where necessary, the methods used. This chapter summarises
the stages of development in chronological order,
describing the aims and benefits, and finally reviewing
each section. Detailed discussion of the operation and
interaction of the programmesis saved until chapter 6. All
the development described in this chapter was done on the
University of Aston ICL 1904S computer.

5.1. The Design Feasibility Programme

In the last chapter a flow chart for the preliminary
design of pumps was described (fig 4.7). This was intended
to allow the designer to assess the feasibility of
satisfying the design specification. The programme
developed is now described in more detail.

5.1.1. Aim of the programme

The aim of the feasibility programme is to present
the constraints on the design simultaneously so that a
designer can establish the feasibility of achieving a given
specification. The programme developed first helps the
designer to select an adequate drive shaft, and then
presents the combinations of bore, pitch circle diameter,
swash angle and piston number that will give a consistent
design. As already described, these four variables are
the primary design parameters and must be chosen before the
design can be pursued further. This kind of programme is
ideally suited for interactive use, with the designer

effectively inside the programme loops. He may thus
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repeatedly modify his decisions to explore design alternatives
and when he is convinced that he can design within the
constraints, then he may choose values for the primary
design parameters and proceed to the next stagd of the
design.
5.1.2. The Feasible Design surface

Although a detailed description of the nature of
interaction is given in the next chapter, for clarity the
feasible design surface developed in conjunction with the
feasibility programme is discussed here.

Figure 5.1 shows how for a specified flow capacity
and piston number, possible designs can be represented by
a surface in three-dimensional space. (There will be a
different surface for each choice of piston number).
Choosing a point on the surface automatically defines the
bore, pitch circle diameter, and swash angle of the pump.

If we can now represent the design constraints as
functions of bore, pitch circle diameter (PCD), swash angle
and piston number,; then we can construct additional surfaces
which will cut the feasible design surface and hence
restrict the allowed area in which we may design.

This is all very well, but it would be difficult to
present such a three-dimensional model to the designer
even using computer graphics. The surface must be reduced

to two dimensions. There are two ways in which this can be

done:

(i) By combining two of the axes and plotting (say)
bore/PCD against swash angle;

(ii) By taking a projection of the surface onto a

plane and representing the third variable

'
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using contours.

The method chogen was to project down onto the bore-
PCD plane for the following reasons:
(i) The designer can, in this way, retain a feel
for the size of the design as the bore and
PCD are depicted separately;
(ii) It is more important to have bore and PCD
graduated on the axes than swash angle,
which need only be estimated to half a
degree at the preliminary design stage.
The result of reducing the surface to two dimensions
in this way is shown in fig 5.2.
5.1.3. Benefits of the programme
The benefits of the programme ensue from the rapidity
with which it can be run. The feasibility of achieving a
given specification can be quickly assessed. The programme
can therefore be useful in the following situations:
(i) When undertaking a new design, instead of
obtaining a single consistent design,
several alternatives can be pursued for
comparison,;
(ii) The programme can be used to evaluate
existing designs. In particular it may
be useful to run the programme whenever
a design is modified to remind the
designer of the constraints. This should

also allow the designer to see whether it

was originally over-designed.




*q°o°d
uo03std, ¢

oT8us YsSBME 2UBLSUOD
JO sIn03U0) (=~

su8Tsop 9[qQIs8aJ
01 Sutpuodsagaoo
,88J8 pamollVy,

N

1I8YO UFTSaQq °1qTS8aJ SUL BZ G -HIA
| }
-y
S—— - -~
- -~ - -~ -
~ ~
~ ~
™~ ~
T~
~ ~ ;
~ ~ ¢
>~ ~
~
~ ~ ~
=~ ~ ~
~ 2
- ~
~ ~ 4
~ ~
~ ~N
~ BN
—
~ ~
=~ ~
~—
™~ - ~
~ ~
~
~
N
~
~
~
~N

—_—

peonpoxd sjurBIj}suod udisa(g

-t

N

qy04d
NOLSId




1I8YO uFTS9( 9TqISBOJ 931BIOQBIS® 8JI0W Y G2°G °HId

g6 "8 8O "¢ 88 '3 08 "5 8o ¥ 98 "¢ 8o ¢
| ] | } | l -
SNI 43dd 9
By "0
: |Hll N ®m¢®
- - —— — — ‘ )
mw —_ ety = T — 1 BS "0
AVﬂ. — —— —— — —_ =t
Nﬂ. —~—— — _ ——— —— _ ” —_— ‘ @N.@ :
T T~ T = = / 58 "0
—~ — —_—
= 7 36 "0
Ya >~ po 1
. L
*}{00Tq JBPUTTAD 8Y3} Jo TIBa _ Xt
J9UUT 94} UT SS8I3S WNWIXBWN= g
*gog0q u03sTd 8ayyl usomilaq ~ X\ bz 1
UoTdea (Ul Ul SSaI}6 WNUWIXBR= G ~ )
‘pua ysems=s ‘pus o3vB[draod=d ~ N BgE 1
‘gsazTs Juraweq 8gvubapwy uo - by 1
pasvq AOuUs93}SISUOD OITI}BWOBH= }
: “qosu 5 BS 1
uo1s1d 9y} UT SSOJI3S WNWIXBR= ¢ y I
°g3 0TS
J2putIfo a3yl ysnoayz ssoOT PBOH= g b, g
*Kxyowood xaddils 8yl uo -
pessq ADUS91SISUOD OTJI}wWOan= T hg "1
P61
SINIVYISNOD NOISHA z et dy o SNI 3408




- 50 -

(iii) By artificially uprating the specification
of a unit the designer can establish the
scope for uprating a particular design.

(iv) The designer should be able to see clearly

which constraint is limiting his design.
choice. This may provoke the channelling
of resources into a particular development
area to push back the constraint.

These were the main benefits seen early in the project.
Later in the thesis, they are compared with the benefits
that actually ensued.

5.1.4. Checking the programme

As the programme described here was developed over a
year before it was due to be implemented at the company,
it was essential that the programme be tested to see how
well it was suited for the application. Two aspects needed
to be checked: was the programme accurate and effective
from a technical point of view, and was the design of
interaction acceptable to the prospective user.

The first of these points was investigated by
"re-designing" existing pumps to see how they fared.

Some of the results are shown in figs 5.3 and 5.4. These
results shed some light on the company's existing design
procedures by showing clearly which constraints had
proved most severe in the past. The programme also showed
clearly the different benefits of seven and nine piston

models, (something that had not been obvious to the

company before).
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On the question of acceptability to prospective users,
this initial Versign of the programme was tested on three

sample users. One was from outside the company but had a

technical knowledge, the other two were engineérs from the

company. Several shortcomings became apparent.. There was
criticism of the rapid speed of output on the computer
terminal and of inconsistencies in requested input. The
problems were noted but correction was left until the system
was implemented on the company's computer, to avoid

repetition of work.

Naturally this brief check could not be a complete

vindication of the programme, but the generally favourable
response of the users did suggest that the philosophy and
approach used were adequate.
5.1.5. Review

The feasibility programme achieved some of the

objectives, both technical and human, set out in chapter 3.

The computer and designer have been matched effectively to

leave overall responsibility in matters of judgement with

the designer. The programme results also correlate well
with existing designs.

However, the feasibility study is only the first
phase of the design process. By this stage, the designer
has chosen one or two speculative designs which he knows
are consistent. He will now wish to go on to develop a
chosen design and define all of the basic dimensions so
that perhaps a sketch can be drawn. After this, he may

wish to predict the performance of the pump prior to

draughting detailed drawings.
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In chapter 2 the feasibility, preliminary and detailed
phases of the design process were described. A parallel

can be seen if these are now compared with the project

objectives.

Feasibility Feasibility programme

Preliminary design Pursue a feasible design until
all of the basic dimensions
have been defined.

Detailed design Detail the design sufficiently
to carry out a performance

analysis.

This comparison led to the conception of the three
stage design system structure shown in fig 5.5. This
structure will enable a design to be pursued from
specification to detailed drawing. The feasibility
programme just described constitutes the first stage.

5.2. The Design Suite

5.2.1. Objective of the design programmes

As shown in figure 5.5, the objective of the design

stage is to take a provisional design from the feasibility

programme and develop this until all of the basic dimensions
are known. At this stage the designer should have enough
information to draw a scheme layout of the running gear
components. However, rather than leave this task to the
designer we can arrange for the computer to produce this
sketch.

Using the original design procedures, the production

of a scheme layout had been necessary for two reasons:-

(1) To ensure the basic geometric consistency of

the design produced.
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o STAGE I
Pre;lmlnary design calculations.
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on a feasible design chart.
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STAGE II

The chosen design is pursued further.

The computer gives information on peak stresses,
flow rates, bearing clearances etc.

The designer makes sure that standard sizes

and components are used where necessary.

The computer draws a full size sketch of the
developed design for the designers approval.
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STAGE III

The design is now tested using performance

analysis programmes. _
These yield information on cylinder block

attitude, bearing performance gtc.
The necessary design modifications are now

made prior to detailed drawing and prototype
production.

NEW MODEL

FIG. 5.5 Three stage structure of the Design System




(11) To allow the designer to compare the different
alternatives directly. (In this comparison
the designe} relied, to a certain extent, on
whether an alternative "looked" right),

With a computer aided system, the geometric consistency
can be checked internally in the software. However, the
designer may still wish to see a chosen configuration
drawn to get a feel for how the finished unit will look.
Additionally, being able to check the design software in
this way should give the designer more confidence in the
system. For these reasons the scheme layout was adopted
as a target for stage 2 of the design system.

5.2.2. Partial re-design of units

The design system was primarily intended for the
complete design of new models. In this situation each
component is designed subject to the constraints of those
parts not yet designed. (The difficulty of this task led
to the adoption of the synthesis approach to design as
described in chapter 4).

However, improvement and uprating of existing designs
also features largely in the company's work, and in this
event the designer may wish to re-design only part of a
unit. In these circumstances it is desirable to be able
to run just that part of the design suite concerned with
the component under review.

This was achieved by using a modular approach in the
programming (this 1s described fully in the next chapter).
The design suite thus consisted of discrete modules for

each component of the design. When running the overall
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suite several modules were called in turn, and administrative
sections ensured thgt the designer could manipulate these
as he wished. For partial re-design, however, only the
relevant module was used in isolation from the wrest of the
suite. Where necessary, additional interactive. header
sections were provided to allow the designer to specify
the exact design situation to the computer. 1In this way,
a sulte was produced which could cope with both complete
design and partial re-design. |
5.2.3. The stand-alone package
The design suite produced consisted of sections

concerned with cylinder block design, piston design, journal
bearing design, portplate design, and a flexibility analysis
package. The journal bearing package and the flexibility
package were similar in that they could each be used as
either a design programme or a performance programme
according to the stage of design work being pursued. These
two packages are now described briefly as examples of the
philosophy behind the software.
(i) Bearing design package

As shown in figure 1.4 the company's design

of pump uses two journal bearings to support

the rotating cylinder block. There are two key

aspects to be considered when designing these

bearings. First the geometric design must

ensure that they are compatible with the

overall design. Then, a hydrodynamic analysis
used to ensurée that the bearings will

must be

perform adequately under all operating
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conditions. The feasibility programme ensures

that the designer chooses a geometrically
consistent design, but at that stage only the
primary design parameters are chosen. At the
design stage, the designer is asked to

select bearing dimensions within specific
limits calculated by the programme. 1In
addition to geometric limits though, there
are performance criteria, hence the need for
a hydrodynamic analysis.

Expertise in the field of journal bearing
analysis is such that it is possible to
accurately predict the performance of most
bearing configurations. (The Engineering
Science Data Sheets 19 were used as a basis
for the software in this case). All that
remained was to transfer this technology into
the design office and adapt it to the
designer's particular needs. In this way, a
tailor-made design aid was produced
compatible with the overall system. A full
description of this package is given by the
author in ref. 20.

Flexibility analysis package

The flexibility of the cylinder block has a
great effect on the performance of the unit.
At the feasibility stage a rough assessment
of the flexibility is made and a constraint

on the design chart informs the designer.




However,

it is not possible to accurately assess

the flexibility until the end of the design

stage when the geometry has been fully defined.

What is needed then, is a method of rapidly
determining the flexibility of the design under
consideration. An accurate assessment is .
possible using the Finite Element method, but
as will be described later this is too
cumbersome for use as an interactive design
tool. Eventually, a modified beam analysis
was derived which produced results correct

to within 10%. (This method is described

by the author in ref. 21). This was quite
adequate for use in conjunction with the
other design software.

These two examples show how, by using existing
knowledge, simple, effective design packages were produced.
These can be used either as stand-alone aids or interfaced
with the other members of the design suite. Further
details of the structure and presentation of the programmes
is given in chapter 6.

5.2.4. Appraisal of the design programmes

The programmes Jjust described formed stage 2 of the
three stage design system and were intended for eventual
implementation on the company's computer system. Two of
the modules have been described briefly. In addition to

the calculation modules, a further set was necessary for

producing the running gear sketch. The whole suite is

shown schematically in fig 5.6.
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This basic suite was sufficiently complex to test the

concept of design modules and set the necessary precedents

for future work. Such work may consist in uprating

existing modules or producing additions; company research
will contribute the necessary knowledge for this.

5.3. The Performance Programme

To summarise development so far, the feasibility
programme enables the designer to establish a consistent
set of primary design parameters. The design suite then
allows further development: each component of the pump may
be designed in turn and then a complete sketch may be
drawn. The design thus developed,must now be passed onto
the performance analysis stage for further evaluation.
5.3.1. Aim of the programme

Following the three stage approach for the design
system we now come to the third stage in which we wish
to predict the performance of the chosen design. In
section 5.1 we saw how this stage bears comparison with the
detailed design phase of the conventional design process.
Indeed, in many ways, this stage forms an extension of
the design stage as well as a performance analysis.

The basic scheme layout from stage 2 is used as the
input to the performance programme. Although, by this
stage, most of the dimensions have already been
provisionally decided, some critical tolerances and final
parameters have still to be chosen. One of the objects of
the programme is to show the designer the effect these

tolerances have on the performance of the unit.
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There is a possibility that a design produced in stage
1 and 2 may prove unsatisfactory at the performance stage,

but in this event, the design system will at least have

prevented the poor design from going on to the detailed
drawing stage. What is more likely, however, is that the
tolerances and exact dimensions will be adjusted to give
adequate performance.

In order to ensure that the performance programme wés
an effective part of the overall system, special regard
had to be given to the coupling between this programme and
the other stages, and also to the interface between the
programme and the designer., These tasks were particularly
difficult in view of the fact that an existing analysis
ﬁrogramme was used as the basis for the performance
programme,
5.3.2. Technology transfer

In chapter 2 of this thesis one of the sources of
design information suggested was academic research. This
information can take many forms: personal knowledge of
staff, reports and theses, or computer programmes. In
this instance a useful piece of research into the behaviour
of axial piston pumps by Madera 22 had resulted in the
production of a pump performance programme. This programme
predicted the attitude which the pump cylinder block would
take on the portplate when run under specified operating
conditions. By judicioususe of the programme it was also
possible to assess the effect of minor changes in the

geometry This was useful for tolerancing and optimisation

work.
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The original programme had, however, been developed in

an academic environment, for the use of those immediately

concerned with the research project. It was, therefore,

not very useful for industrial applications. A¢number of
Steps were necessary to transfer this technology into the
design office.

The interfacihg between the user and the programme had
to be designed to allow the user to manipulate the
programme quickly, confidently and effectively. This
primarily involved translation from a batch oriented system
to an interactive type.

The programme had to be made compatible with the
overall design system so that the design work flowed
smoothly from stage 1 to stage 3 without too much manual
transfer of data. This was tediaqus as the programme had
been developed in isolation, and certainly not with a
minicomputer in mind.

The programme then had to be made easier to understand
so that the designers appreciated its usefulness. This, in
turn, stimulated interest which eventually led to further
development and improvement of the programme.

5.3.3. Assessment of the programme

As with most analysis programmes, there are
assumptions and limitations in the theory of the performance
programme and results have to be interpreted carefully by
those who understand the fundamental mechanism. However,
the programme does rapidly provide a guide as to the

adequacy of the alternative designs, and the availability

of the programme should allow the designer to predict the




- performance of a unit as soon as he has produced a rough

scheme layout. Thus, as part of the overall design system

it forms the compatible performance package required.

Additionally, as ga pure analysis tool it allows

existing designs to be assessed, for example in the

investigation of failures. So in itself, it constitutes a

useful design office aid.

5.4. Review of the Developed Design System

We have now discussed the three stages comprising the
design system. These have been derived so as to allow the
designer to pursue his work swiftly and effectively. Ample
scope has been allowed for future development of any of the
stages, provided that the additions can be produced in a
modular form suitable for rapid interactive operation.
This, then, is the main precedent that has been set for the
design system.

Unfortunately not all packages will fall into this
category. For insfance, the Finite Element programme deve-
loped by Hooke 23 was originally too large for use on a
minicomputer. Even after the size had been reduced by
dividing it into smaller modules, the general form was
still not compatible with the basic design system. Rather,
the tool featured as a separate analysis aid for detailed
investigation of specific stress or deflection problems.

This latter example suggests a third way in which new

knowledge may be fed into the overall design system. The

three ways we have discussed are then:-

(i) The knowledge may be the basis of new modules

developed for the three stage design system;
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The knowledge may provide data or parameter
values for existing design modules.
The knowledge may be built into a back-up

analysis programme for specific investigations.
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6.0. PHILOSOPHY ADOPTED FOR STRUCTURE AND OPERATION OF

PROGRAMMES

In the last chapter, a general description of the

design system was given. We now go on to discyss some of

the methods used to ensure that the system programmes could
‘be effectively controlled by the designer. Some details of
the interactive and graphics sections are given, and the

way in which the programmes were structﬁred to obtain a
flexible, easily maintained system is described. Appendix C
contains full listings of a number of interactive programme

runs; salient features are referred to in this chapter.

6.1. Programme Structure

6.1.1. Programme modules

The structures of all the programmes were made modular,
so that each programme consisted of a number of discrete
sections. Interfacing was achieved by administrative
sections. In this way, very flexible programmes were
constructed. These programmes could be easily modified

simply by amending that particular section under review.

Indeed, sections could be replaced completely provided that
the replacement had the same interface as that removed.
The general classes of sections used were as follows:-

(1) Administrati&e sections to organise the

execution of the programme and pass control

to the designer where necessary.
(ii) Data input and output sections to arrange the

data so as to be compatible with the overall

system conventions. These concerned
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communication with both the design terminal and
the computer file system.
(iii) Calculation sections to perform the engineering

calculations logically. q

(iv) Plotting sections to display graphics on the
design terminal.

Figure 6.1 shows the main sections of the feasibility
programme. An unusual feature of this programme is the
administrative section 'HELP'. This enables the designer
to immediately re-direct control to another part of the

programme. To do this he need only reply HELP to a

YES/NO question.

The same modular philosophy was used for stage 2 of
the system, and enabled the production of packages that
could be used either as stand alone programmes or coupled
into the main design suite. The bearing design package,
for example, consists of a large number of sub-sections,
but the whole may be used in either stand-alone or satellite

mode. By using the programme in stand-alone mode the

designer may analyse any bearing configuration he cares to
define. Used as a satellite, the package may be called by
the designer during execution of the main design programme,
in order to design adequate bearings for the specific pump
concerned.

A similar situation arose with the performance stage.
The original performance suite consisted of four programmes

which had to be run successively in order to complete a full

performance analysis. This suite was already modular, but

most of the data had to be

the coupling was inadequate:
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transferred from one programme to the next manually. The

way in which this coupling was improved is shown in

fig 6.2.

6.1.2. Programme size ¢

If the design system programmes were to run efficiently on
a multi-user minicomputer system, it was necessary to
reduce the size of each programme to roughly a third or less
of the computer's memory capacity. (This would allow two
or three users to use the computer simultaneously). For
the minicomputer envisaged this corresponded to about

15-20K. There are three ways in which budgeting in this

respect can be achieved.

The first way is in the choice of programme type. It
is desirable to use simple programmes or programmes that make
use of pre-calculated data. The flexibility analysis
package fell into the former category; the calculations
were straightforward and there was no need for large arrays.
The resulting programme was therefore much more suitable for
minicomputer use then the finite element programme. The
bearing design package, on the other hand, made use of
pre-calculated data. This meant that any code and arrays
necessary to the original calculations could be omitted.
This again resulted in a smaller programme.

The second way in which programme size can be reduced
is in the writing of the programme, once the general type
has been decided. Backing store (usually disc), rather
than memory, can be used for data that is not immediately

necessary to the programme. Programmes can also be overlaid

so as to reduce their total memory requirement. The modular
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programme structures discussed in the last section simplified
the task of overlaying.

The final way in which programme size can be reduced
consists in programme arrays and variables sharjing common
storage, (i.e. making use of the COMMON and EQUIVALENCE
facilities in Fortran). However, this practice can tend to
complicate programmes and make them more difficult for
programmers to understand. This in turn can make maintenance
more difficult. For this reason the practice should be used
with discretion.

All of these methods were used to reduce the size of
the design system programmes. The three stages were each
overlaid, and the performance stage, in particular, was the
subject of other structural economies. In addition to
enabling the required reduction in size, some of these
measures also resulted in programmes which ran faster and
were, therefore, more attractive as interactive programmes.
6.1.3. Standardisation of programmes

In order to ensure that the design system was easily
maintainable, it was necessary to produce software that was
easy to understand. In this way the effect of staff changes
was minimised. One of the main steps towards this goal was
to lay down a common standard for the programmes produced.
This meant that programmers then had to become familiar with
only one convention rather than a number.

The seed for this standardisation was sown about a
yvear before the minicomputer was installed when a guide to
programme writing and documentation was produced. This

enabled other programme writers to prepare for introduction

of the computer system.
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Three general maxims were laid down in this guide:

(1) The method apd nature of documentation of
brogrammes should conform to one standard,
with each variable and subroutine described
and the theory explained.

(ii) The programme listings should be liberally
documented with comments which should describe
clearly the purpose of each section of code.

(iii) Variable names should conform to the common
standard, the names should be global
(i.e. consistent throughout the programme )
and wherever possible transfer between
segments should be by named common blocks.

These standards were necessary for ease of maintenance.

Additionally in order to ensure that packages produced

blended together in the design system, certain conventions

on input/output had to be laid down, but by and large these
were less rigid. Some of these are described in the next
section.

6.2. Designer-Computer Interaction

6.2.1. Dialogue type

In chapter 4 we decided that the most suitable type of
computer aided design system would be computer initiated
but designer controlled. This led to the adoption and
development of an interactive computer aided design systém.
The programming language adopted was FORTRAN. In order to
incorporate an effective computer initiated dialogue into

this framework it was necessary to anticipate at the

programme writing stage, how the system would be used and
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exactly what would be required of it. This then enabled the

appropriate designer-design system interaction to Dbe

programmed into the software.

. 24 .
Martin reviewed a large number of man-computer

dialogue types. Some of these are summarised in figure 6.3.

/N
Information
content _%_Dialogues with
(subjective photographic pictures.
scale)
_+_ —+—Text—editing languages.
Typical menu type dialogue.
‘+‘Airline‘reservation
dialogue.
Time to become
proficient
'4‘Airline ticket vending. \\(hours)
; T 16 4519 -

FIG. 6.3 Martin's comparison of dialogue types

The dialogue type used in this project consisted in the
computer presenting questions or prompts to the designer,
who, in turn, could make a limited number of responses.

This falls into the menu category of dialogues. This choice
was made because menus can be incorporated cheaply and
simply into almost any computer system, regardless of
hardware or software differences. Nonetheless, provided
care is taken during the programming, they allow production
of a dialogue flexible enough for most situations.

If we exclude the case of numerical data input for the

moment, two types of designer prompt were used:
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(1) The type requiring a 'yes' or 'no' response.
(ii) The type requiring selection of an option from

a list.

To make the simple yes/no prompt more flexible, a third

option was offered as an acceptable response in some
programmes as shown below. This was the HELPD option which
allowed the designer to immediately transfer control back
to a selected part of the programme.

WOULD YOU LIKE TO KNOW THE TORQUE? YES

PUMP TORQUE IS 353.7 LB. FT. IS THERE ANY EXTRA

TORQUE? HELP

PLEASE ENTER ONE OF THE FOLLOWING:-

1

I WISH TO ABANDON THE PROGRAMME

2 = I WISH TO RE-COMMENCE THE PROGRAMME

3 = I WISH TO BEGIN STAGE 2 OF THE DESIGN
4 = I WISH TO ALTER THE DESIGN CHART SIZE
CHOICE? 1

PROGRAMME ABANDONED.

(Underlining denotes a response from the user)

The option list was more versatile and allowed the
designer to select one of a number of alternative courses.
This method was used for the selection of design restraints
in the feasibility programme.

WHICH DESIGN RESTRAINT WOULD YOU LIKE TO PLOT?

]

1 SLIPPER SEPARATION RESTRAINT

CYLINDER SLOT HEAD LOSS RESTRAINT

N
L

NECK STRESS RESTRAINT

LW
1

JOURNAL GEOMETRY RESTRAINTS

£~
n
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5

BORE AND SLOT SEPARATION RESTRAINTS
6

[}

BLOCK INSIDE WALL THICKNESS RESTRAINT
999 = HELP!
CHOICE? 1

— 4

SLIPPER SEPARATION RESTRAINT *#%

The success of this simple type of dialogue in the
design system can be explained by the simplicity of the
programme flow charts. Because the objectives and
alternatives were planned systematically, control of the
system was straightforward.

Returning now to the case of numerical input, the
main aim here, was to ensure that the designer had the
freedom to standardise values calculated by the computer.
At the end of many calculations, the designer was given the
chance to choose a standard size for the dimension
concerned; this was then used as a basis for further
calculations by the computer.

CALCULATION OF MINIMUM SHAFT DIAMETER #*#*%* -
PLEASE ENTER THE FOLLOWING:-

APPROXIMATE STRESS CONCENTRATION FACTOR? 1.5

DESIRED LOAD FACTOR? 2.0

STRESS CONCENTRATION FACTOR = 1.5

DESIRED LOAD FACTOR = 2.0

IS THIS CORRECT? YES

MINIMUM SHAFT DIAMETER = 1.218 INS

DO YOU WISH TO CHOOSE A SHAFT? YES

PLEASE ENTER THE FOLLOWING:-

CHOSEN SHAFT DIAMETER INS? 1.25

STRESS CONCENTRATION FACTOR FOR THIS SHAFT? 1.5




- 70 -

THE LOAD FACTOR FOR THIS SHAFT IS 2.158

ARE YOU HAPPY WITH THIS SHAFT? YES

This same method was also used to enable the designer
[}
to evaluate the effects of tolerances on critical

dimensions.

PORT PLATE GEOMETRY ##%

OUTER LAND O/R = 1.982
OUTER LAND I/R = 1.840
INNER LAND O/R = 1.660
INNER LAND I/R = 1.532
PORT PLATE I/R = 1.185

DO YOU WISH TO CHOOSE THE LAND RADII? YES
OUTER LAND O/R? 1.983

OUTER LAND I/R? 1.841

INNER LAND O/R? 1.659

INNER LAND I/R? 1.531

RATIO OF INNER:OUTER LAND WIDTH = 0.902
BALANCE FACTOR = 2.040

ARE YOU HAPPY WITH THESE VALUES? YES

For all the programmes the loops were designed so that
the user could quickly re-run sections of the system with
modified parameters. In the bearing design section for
example, the designer could opt to alter the bearing
diameter slightly, or change oil, and re-analyse the
configuration before moving onto the next design region.

DO YOU WISH TO CALL THE BEARING DESIGN PACKAGE? YES
PLEASE CHOOSE AN OIL FROM THE LIST BELOW:-

1 TELLUS-15

2 TELLUS-27




3 = TELLUS-41
4 = TELLUS-72
CHOICE? 1

PLEASE SELECT A BEARINGC DIAMETER? 2.25
***BEARING CALCULATIONS PROCEEDING***

(Bearing chart displayed after a short delay)
DO YOU WISH TO ALTER THE DIAMETER OR CHANGE OIL? YES

PLEASE CHOOSE AN OIL FROM THE LIST BELOW:-

1

TELLUS-15

2

TELLUS-27 ....

As stated in section 6.1, by keeping the programme
simple in operation, the response time was kept short so
that normally the designer was not kept waiting by the
computer. In some cases delays were unavoidable, and in
this situation, as shown above, a message was written out
to the terminal to warn the designer of the impending
delay.

6.2.2. User instruction

A second aspect of designer-design system interaction
concerns the amount of advice and instruction given the
designer and how this is done. In addition to the
production of programme documentation as described briefly
in section 6.1.3, and intended for programme writers, the
design system was documented at two further levels. These
two levels fell into the category of user guides and
described: the general layout of the computer aided design

system, how to use each of the programmes, and also briefly

the theory and limitations of the programmes. (Further

details are given in part IO of the thesis). These guides
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were designed so that they could be used for reference
during an interactive design session. In this way the
amount of instruction which it was necessary to build into

the system was minimised. !

Efforts were made, nonetheless, to make the programmes
self-explanatory once they had been initiated. Error-
proofing reduced the possibility of the designer making
serious operating errors. Here a trade-off was made between
a comprehensively error-proofed system (with numerous double
checks) which would have been tedious to use, and a more
straightforward system less capable of handling all user
errors. In fact this compromise resulted in the early system
programmes (e.g. the feasibility stage) being more
comprehensively error-proofed than the later ones. This was
done on the assumption that users would become more
experienced and confident with the system as they progressed
through the stages.

All of the programmes had a basic level of error-
proofing. Prompts were repeated if the wrong type of response
was made, for instance, if a number was entered in response
to a yes/no question. All numbers were accepted individually
in free format, and adequate facility was arranged for
repetition of loops so that mistakes could be altered.

Some of these points are demonstrated below.

PLEASE TYPE THE FOLLOWING:

NUMBER OF PISTONS

El
5.5

FLOW CAPACITY CIR
PUMP SPEED RPM = 2500
OPERATING PRESSURE PSI = 50000

BOOST PRESSURE PSI = 150




NO. OF PISTONS = 9

FLOW CAPACITY = 5,5
PUMP SPEED = 2500
OPERATING PRESSURE = 50000
BOOST PRESSURE = 150
IS THIS CORRECTI? MO

?7 NO
PLEASE TYPE THE FOLLOWING

NUMBER OF PISTONS

El

FLOW CAPACITY CIR

5.5
PUMP SPEED RPM = 2500
OPERATING PRESSURE PSI = 5000

BOOST PRESSURE PSI = 150

NO. OF PISTONS = 9

FLOW CAPACITY = 5.5 .........

Throughout the design runs explanatory messages were
frequently displayed to inform the designer of the computers
progress.

Many of these features are shown clearly in the full
programme run listings in appendix C. This self-teaching

style was intended to motivate the user to become more

familiar with the system.
6.2.3. Programme coupling

Programme coupling was an important feature of the
interaction of the system. We have already described how the

programmes could be used either as part of the overall design

system or as stand-alone packages. In either case, the

administration was arranged so that the programme could be
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initiated using a single command and thereafter control was

achieved through the dialogue. The computer arranged for the

initiation of sub-programmes relevant to a particular run.

The transfer of data between programmes was ‘the second
aspect of coupling considered. The method adopted entailed
the computer reading from file that data previously defined by
the designer, however, the designer was offered the option of
amending this as required. 1In this way the tedium of re-
enteriﬁg large quantities of data was avoided without loss of
flexibility. Each data item was displayed in turn followed by
a "?" prompt. If the designer was content with the value he

typed 'YES', if not he typed 'NO' followed by the new value.

THE DESIGN YOU HAVE CHOSEN FROM STAGE 1 IS:
PISTON NUMBER = 9

PISTON PCD (INS) = 3.5? YES

PISTON BORE (INS) = 0.7? NO

NEW VALUE? 0.75

SWASH ANGLE = 15.0? YES

This type of programme coupling had to be developed in

conjunction with a unified data structure. The data structure

adopted is described in chapter 7.

6.3. Type of Graphics used

6.3.1. Philosophy adopted

Graphic displays were used a great deal, in the design

system, as a means of conveying large quantities of data to

the designer. A wide variety of types were used: the type

and corresponding philosophy depended on the application.

Some conventions, however, were applied universally throughout

the system.
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Two dimensional displays were used throughout to avoid
optical illusions or other broblems of interpretation,

however, much use was madé of contours of various types to

represent a third dimension. 1In situations where it was
desirable to manipulate four parameters individually, then a
display was drawn for one particular value of the fourth
parameter and to assess the effect of this parameter, it was
necessary to re-draw the sketch with this value modified. This
situation is shown clearly in fig 5.4 where the four parameters
are piston bore, piston PCD, swash angle and piston number.

This method was only made possible by the conversational
nature of the graphical interaction. The displays were
produced immediately after they had been defined. 1In the case
of the feasible design chart, the display could be re-plotted
very rapidly with modified parameters. The designer could
also magnify the scale so as to display only the particular
region of interest.

Two further conventions can be seen with reference to
this design chart: that of displaying actual rather than
dimensionless quantities, and that of displaying on the axes
parameters for which there might be preferred values. In
effect, by these means we are ensuring that the designer has
a feel for the design, and that he can easily exercise his
discretion in choosing standard sizes, for example for the
piston bore.

A final feature of the graphics was the ease with which

hard copies could be initiated. By replying "PLOT" to the

question "DO YOU WISH TO REPEAT THE DISPLAY ?'" the designer

initiated the preparation of a hard copy. After he had
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selected a scale size for this copy he could proceed in the

usual manner through the remainder of the design run. At the

end of his design session, after he had logged out from the

terminal, all of the hard copies which he had in#tiated would

be produced on the plotter.

6.3.2. Parameters displayed

The exact form of a particular design chart was decided
on two criteria: first, that the chart should be both useful
and clear to the designer, and secondly, that the computing
effort required to produce a particular type of chart should
not result in long delays before presentation. The need for
rapid response times was discussed earlier, so we will now
consider only the need to produce easily digestable displays
for the designer.

The benefit which computer produced charts have over
those presented in manuals or drawn up by hand, is the
rapidity with which they can be modified to represent altered
conditions. This suggests immediately that we are going to
be able to discard the generalised charts which must cater
for a very wide range of parameters (usually reduced to
dimensionless groups), and concentrate our attention towards
tailor-made charts devised for the specific task in hand.

For instance, let us consider the problem of journal
bearing analysis. In the general situation there are a

number of parameters to be chosen: length, diameter, diametral

clearance and oil type. The critical performance criterion

might be film thickness, temperature, Or stability. Any

general bearing design chart must, therefore, be fairly

elaborate, especially if we are also to represent the effect
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of varying load and Speed on the chart.

However, if we now

consider the specific application of a bearing for either end
of an axial piston pump, we have a much better defined problem.
Values must be chosen for one or two parameters to ensure
adequate performance under well-specified conditions. These
conditions are defined directly by the specification of the
pump. What is more, the parameters to be chosen must fall
within limits governed by the geometry of the unit, for
instance, the diameter must be within a fairly small range.

With these points in mind, the first bearing design
chart (fig 6.4) was devised. Although this went some of the
way towards our aims, the chart became difficult to produce
and use because of the numerous families of curves displayed.
Also, the average bearing pressure, although a useful parameter,
could not be altered independently by the designer, and
according to the philosophy adopted, should not therefore
have been plotted on an axis.

These problems were overcome with the second bearing
design chart (fig 6.5). In this case the chart is produced
for a specific o0il, a chosen diameter, and specified operating
conditions. The two axes correspond to parameters which the
designer is free to choose, and the two sets of curves
represent the most salient performance criteria - film
thickness and maximum temperature. Using this kind of chart
the designer can quickly assess the adequacy of a particular

arrangement and if he is dissatisfied, he knows that for

these operating conditions, his only alternatives are slight

changes of diameter within the.limited range, or a change of

oil,
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6.3.3. Versatility of the design charts

The design charts described so far were devised with one

primary aim in mind. However, by choosing the correct

format, the charts were made very versatile. Onme example

has been already described in chapter 5 where the benefits
of the feasible design chart were discussed. A similar sort
of versatility ensued from the formats of the bearing design
and performance analysis charts.

The bearing design chart predicts the behaviour of a
cylindrical bearing with a perfectly aligned journal. This
situation might at first seem hypothetical but fortunately
because of the format of the chart the designer can quickly
assess the effects that deviations have on the behaviour of
the bearing. For instance, the effect of misalignment can be
estimated by modifying the diametral clearance of the
bearing by the amount of misalignment, Distortion, on the
other hand, can be considered by modifying the actual film
thicknesses predicted. Both of these modifications can be

made in seconds simply by altering the annotation on the

graphs.
Similarly with the polar plots produced by the
performance programme (fig 6.6), the basic chart indicates

the attifude of the cylinder block on the portplate for

given operating conditions. The effect of the two journal

bearings being misaligned relative to each other can be

immediately seen, but in addition to this, the effect of

casing distortions can also be assessed by shifting the axes

in the appropriate directions.

These two examples show the degree of versatility
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obtainable from the various design charts.

This completes a discussion of the philosophy behind

some of the programmes, and a summary of the precedents

which have been set for future development of the design
system. These precedents have arisen mainly out of a
consideration of the benefits and drawbacks of a minicomputer
system, and a desire to produce a System which conforms most
closely to the designer's needs. The standards set should
not inhibit future programme writers, but rather ensure that

the uniformity and flexibility of the system is maintained.
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7.0. ADOPTED DATA STRUCTURE

In previous chapters we have mentioned the need for

efficient coupling between programmes and data sources in an

effective design system. 1In this chapter we discuss the

development of the data structure finally adopted.

7.1. Need for a data structure

7.1.1. Requirements

The data required by design programmes can be divided
into two categories. The first category is the primary data
usually supplied by the designer in the form of decisions.
The second category consists of reference data which the
programme uses in design calculations. There are numerous
types of reference data, for instance material properties,
design parameters and pre-calculated data tables. Also,
once a designer has made a decision, then that decision falls
into the category of reference data, even though he may wish
to modify his decision later.

If the design programmes were to run efficiently it
was necessary to ensure that all this information was stored
by the computer and readily available. As there were a
number of design programmes all with different data require-
ments, it was also necessary to devise a method whereby all
programmes had rapid access to all data types.

The main objective then was to devise a method of
interfacing of sufficient complexity to satisfy these
requirements, and allow for future expansion and modification.
7.1.2. Alternatives

The alternatives available for data transfer (excluding

manual methods which are time-consuming and laborious) range



data base systems.

We wish to use the simplest method that

will satisfy the requirements stated.

The simplest alternative is to arrange for tthe
programmes to interface directly with one another. However,
this makes permanent storage of large quantities of data
impractical, as the data has to be stored within individual
programmes, thus increasing programme sizes. Data updating
is also difficult as it necessitates programme editing for
each alteration. Finally this method also leads to
duplication of data for each programme. For these reasons
the direct coupling alternative was rejected.

Simple sequential files are the next simplest approach.
In this case the data is stored outside the programmes,
often on disc, but can be obtained by any programme in a
sequential order. It is possible to devise such systems to
operate on any computer type. There are, however, two
disadvantages. If simple sequential files are used it is
necessary to have one file for each job, e.g. one for
communication between programmes A and B, one for between
B and C, etc., along with a file for each reference source.
This leads to complicated systems which are difficult to use
and maintain. Also, much data is duplicated resulting in
more storage space being used and problems in ensuring
authenticity of the data.

It is only a small step from a sequential file system to

a simple data structure; the differences are more of

convention than anything else, but the benefits are great.

The idea is to have one set of files containing all the
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~different types of information. Each category of information

is stored in a different file, and no information is duplicated.

Each data item has a specific location within a specific file
so that it can be found very quickly by any programme. At
first sight, this method looks inflexible, but provided that
care is taken initially when the file types and locations are
allocated, then an effective system can be produced. With
this method, there is no limit to the number of programmes
that may access the information and therefore expansion of
the design system is made simple. (This was proven by the
development of the information retrieval system described
later in this chapter). Also, programming becomes more
straightforward and programmes more easy to understand as
they all conform to the same data structure.

The structured data system was that adopted for the
design system. The first step in devising such a system was
to decide what different typesof information would have to
be stored. This is done in the next section.

7.1.3. Extent of the data structure

Before embarking on the development of a structured
file system, it is important to consider what the short term,

medium term and long term plans for the system are. In this

way, it is possible not only to plan an adequate data
structure with enough scope for future development, but also
to arrange that implementation of the plans is in the correct
order. The design system devised for the company was a DEW

venture and it was therefore sensible to start with a modest

data structure which could be'improved and expanded later.

For this reason, data on material costs and suppliers, for




example, was not included and only information that was

directly relevant to.the design system was incorporated.

Essentially, the following had to be stored on file:

(i) All of the design packages had to be stdred so
that the user might immediately run any part
of the design system.

(ii) The geometry and design parameters of a
number of pumps had to be stored in such a
way that the design programmes could reference
any parameter of any pump. Similarly, when new
models were being designed using the design
system, then the appropriate decisions and
dimensions had to be stored.

(iii) The properties of oils and metals had to be
stored so that a design programme could
reference them directly rather than have to
request them from the terminal.

(iv) Accommodation had to be available for the
additional data files that were peculiar to
individual programmes. For instance, pre-
calculated data was required by both the
bearing design package and the performance
programme.

(v) Finally a number of text files had to be
included as reference material for both
designers and programmers.

With this minimum of information available, the design

system would be practicable. -A data structure containing

this information would be able to support the design
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programmes described in the Previous chapters

7.2. Structure Devised

7.2.1. Physical feasibility

The design system devised was intended for ‘implementation
on a minicomputer. With this type of machine the physical
feasibility of a given data structure is dependent on having
enough disc space to house all of the data. The most
efficient arrangement for a design system would be to have
all of the design data on one disc. It would then be
possible to load the system into the computer very quickly
whenever anyone wished to do any design work.

The disc size for the computer that was envisaged is
1200K. The total size of the design programmes (excluding
the finite element programme) was less than 200K. This
left 1000K of disc space for data files. Now, assuming
that an average data file would be 2.5K (approximately
1200 values) then there would be room for 400 data files.
This was considered quite adequate, and therefore this
proposed data structure was feasible.

The 200K allocated to programmes only accounted for
the running version of the programmes (not the source or
object versions produced during programme development).
Therefore it was also necessary to ensure that when the time
came, (i.e. when the design disc became too full), it would
be possible to do the necessary development on a separate
disc, leaving the design system disc only for programme

running. This arrangement also proved feasible.
Finally, as suggested above, the finite element programme

had to be considered as a separate case. Although the size

had been reduced considerably, it still could not be regarded
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‘as an interactive design programme (see chapter 5).

For

this reason it was decided that separate arrangements would
have to be made for running the finite element programme in
isolation from the main design suite; this programme was
therefore allocated a separate disc.
7.2.2. Structure of the file system
The structure of the file System developed is shown in

fig 7.1. The design programmes all operate off the simple
framework of files. The three main categories of files are
pump design files, material property files and miscellaneous
data files. These categories cover most of the requirements
of the data structure. The different categories will now be
described.
(i) Pump design file

This is the file which contains details of the

geometry of the design in question. When a design

is commenced, a pump design file is automatically

opened and the design produced during the course

of the run is written out to this design file.

Thereafter, design work can be continued on

this file by specifying the file name in the

appropriate programme runs. Naturally, each

design has its own unique name and file, the

name being that specified by the designer at

the start of the first design run. Each file

is split into 10 blocks of 128 values as shown

in fig 7.2. Each block contains the

information on one aspect of the pump. Thus,

block 2 contains details of the cylinder block
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and block 5 details of the pistons:
these blocks correspond to physical blocks on the
disc, a factor which contributes to effective
file access for the programmes). ¢

Now, if we consider, for instance, block 5 more
closely, we see that each location in that
block corresponds to a specific property of the
pistons. Value number 2 in block 5 of a design
file will always be the piston length. In this
way we have achieved a simple means whereby
brogrammes can communicate with one another,

and information on a number of different designs.
can be stored. It is only necessary for the
programme writer to consult an index to discover
the location of any property he wishes to
reference.

Material properties

A similar philosophy was used for the material
property files. 1In fact, two files were
devised, one containing metal properties, and
one containing fluid properties. The
properties of a number of different metals are
stored in the metal properties file in such a
way that, by referring to an index, a programme
writer can arrange for a programme to access any
specific property. However, for reasons of
security, the values in the material property
files cannot be altered by the programme writer.

(Further details of the material property

(Incidentally’
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selection method are given in section 7.3)

(iii) Other data files

As stated earlier, most of the remaining data
files were peculiar to one programme, ‘
therefore it was only necessary to arrange
for that programme to be compatible with the
data file. Once again it was necessary to
ensure that the data could not be altered by
other programme writers.

This summarises the data structure used in the design
system. The arrangement originally produced contained very
little data, barely sufficient to allow thorough testing of
the design system and data structure. However, having
established these conventions, the structure could be

developed and compounded as and when required.

7.3. Associated Programmes

7.3.1. File manipulation

The last section summarised the different file types
constituting the data structure. Before this data structure
could be considered part of the design system, two interfaces
had to be created. Service software had to be written to
allow programme writers to create and modify their own data
files easily, and also subroutines were needed to link the
design system programmes to the data structure.

The first of these interfaces was achieved simply, by
writing three service programmes: one for creating data
files, one for modifying them, and one for listing them.

This then enabled programme writers to create structured data

files to suit their own programmes.




and the material property files. The first subroutine
produced enabled referencing and modification o% any value

in a pump design file. Thus, the programme writer had only
to decide, at the programming stage, which bParameters he was
going to have read from the design file during the design run,
and which of these he was going to allow the designer to
alter.

Similar subroutines were produced for the material
property files. However, here a strange situation came about
whereby the programme writer, by using the appropriate
subroutine, could decide which material property was to be
used, but he was not allowed to influence the choice of
material. This choice could only be made by the designer at
the programme run time. |

The operation of these subroutinés is summarised in
fig 7.3. These not only provided the interface required
but also simplified the task of programming, and helped to
standardise the form of interaction within the programmes
produced by different programme writers.

7.3.2, Information retrieval system

The section above described how the programme writer
could use service subroutines to manipulate parameters in
the different design files and also how he could arrange to
reference material properties in any of his programmes. A
similar kind of flexibility was desirable for the designers

and other design system users. That is, programmes were

needed that allowed designers to reference material properties
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or list pump design files so that they could check their
earlier decisions. Since any programme written could use the

file access subroutines, it was trivial to arrange this kind

of access for the designers. 1In fact, one such ‘programme was
written early in the development of the design system. This
was the pump access programme PAP, which allowed the
designer to examine the contents of a pump design file. By
selecting the appropriate file name and the appropriate
component from a list, the designer could arrange to have the
properties of that component listed on the design terminal.
This constituted the start of an information retrieval system,
built on the data structure, which would later be developed
together with the rest of the design systenm.

This completes a report of the work done on the project
prior to installation of the minicomputer at the company,
and therefore is the last chapter on this phase of the work.
In the next part of the thesis the implementation of the
design system into the company environment is described.

Further changes to the design system are therefore treated

as maintenance rather than development.
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PART III ¢

BACKGROUND TO IMPLEMENTATION OF THE DESIGN
SYSTEM

Installation of fhe minicomputer.
Familiarisation with the minicomputer system.
Conversion of the design software.

STRATEGY ADOPTED FOR THE IMPLEMENTATION
Computer system administration.

Limited release and project champions.
Training and documentation.

Monitoring methods.

System security.

PERIOD OF LIMITED RELEASE
Commissioning the C.A.D.S. programmes.
"3.2" model design study.

Release to project champions.

Review of limited release period.

PERIOD OF RELEASE

The design of the new transmission.

. Improvement of an existing transmission.

Maintenance and modifications.

Appraisal of release period.
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8.0. BACKGROUND TO THE IMPLEMENTATION OF THE DESIGN SYSTEM

In part II of this thesis, the Structure devised for the
computer aided design system (CADS) was described. The
function and operation of the different programmes were
explained and proposals were set out for a data structure to
accommodate the design system. Most of these ideas were
tried and developed using the mainframe computer of the
University of Aston, but for the implementation a switch had
to be made to the company's minicomputer.

Before implementation was begun, the design system was
reviewed to determine what changes would be needed.
Certainly much software would have to be altered, and the
procedures for programme development would be different.
Although the system had been planned for the design office
environment, extra problems would certainly arise while
developing the system within this environment. The fact
that installation of the minicomputer, and implementation of
the design system began simultaneoqusly would also be a
complication with confusions arising between the two.

This part of the thesis indicates the way in which the
implementation was carried out. It describes the period
from the installation of the minicomputer through to the
maintenance and modification sessions necessary soon after
the system had been fully released and used for design work.
Figure 8.1 is a time chart of this period.

In this first chapter the scene is set in three stages:
the installation of the minicomputer, familiarisation with
the minicomputer system, and conversion of the design software.

These Stages are described in the next three sections.




potzed uotrysiusweTdwt 8Yyy jyo erqwieuwty T°g “HI A

*F¥B1s °*0°d 1[B 01 *sIasn @mpomamm aMmQSQEoonHE ayq

‘paswgolaa @sBalaa TInF JOo potIad 03} 8sBOTdI pPOITWIT JO pPOTIag JO uoTyBIIBISUT
ATTBIOTFJO
sawwgxdoxd

ugrsop 318ITq

T

‘pagojtuow welshs udtrsep ayy Jo esn—

*Savo
JuUIsn UOTSSTWSUBIY.

JUTISTX® UB UO NIOW

*Apnys Ky111qTswor
9y} J0J pesn ggy)° 19BILIUOD *suotdwsyo 308foaxd *paonpoxd
UOTSSTWSUBI} MBU B UO IO 8y3 puw JT1esAw Aq pesn gqvy) uoTiIBlIUBUNIOD TTY

°fIBSS909U Sw
*sSsauInyasn ayl P3TJTpow puB paYdayo sawwsIFoxg

aanoxdur op pP8ppB saTnpow Jayijang *xoqndwootutw s ,Ausdwoo ” *uotyBluswaTdwt
*A1Bssaoou sv pauTBIUTBW SaAvo 8y} 03 U0 ind weyshs uFrsog J0J pestasp AFerwvaing
3 i k1 [ 1 (] m i 1 m i i —
' HOuVR KK Nve ! odd AON L00 d4Ss ony xine annre AVIN TI1YdY

8L6T LL6T




- 91 -

8.1. Installation of the minicomputer

8.1.1. Minicomputer purchased
The type of minicomputer system purchaseg by the
company 1s a Digital Equipment Corporation PDP 11/34. This
has 64K of memory and runs under RSX11D with DATS 11
software. Backing store is provided by two disc units. One
of these 1s fixed, but the other can be removed from the
system, enabling the loading of information appropriate to
the work being done by the computer. The system is
controlled using the master console, see figure 8.2,

Of the three user terminals, the graphics terminal is
the one intended for design work as it allows not only text
but also pictorial displays to be presented. This terminal is
of the storage tube rather than the refresh display type
(Davies 25 compares these types in detail),; essentially this
means that graphic presentations can be altered only by first
clearing the screen and then plotting the modified display.

Finally, in order to obtain hard copies of the graphics,
a plotter is provided which allows production of copies up to
2} times as big as the graphics screen.

This was the arrangement on to which the design system
had to be transferred. (Components of the computer system
are shown in plates 8.1 to 8.4).

8.1.2. Intended functions of the computer

As already described, the main aim of the project was to

Provide an aid to pump design. This was to serve a number

of staff with different specialisations, but was intended

i S to
bPrimarily to help designers, when trying to draught schemes

i i i tem
Satisfy given performance specifications. The design SyS
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had to be flexible enough to cater for these different users.

In addition to this there were two further functions of

the computer.
Certain staff would want to use it for analysis work.

They might want to analyse their own experimental data using
the basic analysis software supplied with the machine, or

indeed they might wish to write and use their own analysis

programmes.
The computer was also intended to drive two experimental

test rigs, that is, to control them, and log data from them

at regular intervals. This task naturally had to take
priority over the others and would make heavy demandson the

ity

sl L ST

minicomputer resources.
Time-sharing would enable all these tasks to be carried
In fact during the first few months after

out simultaneously.
installation, neither rig programming nor analysis programming

i
é
i
é.
.
E %

was being carried out, and hence during the implementation,

the design work had a virtual monopoly on the computer.

8.1.3. Work-space arrangements

The minicomputer was a design office tool and was,
Despite a shortage

therefore, housed in the design office.
of space, an attempt was made to locate it as sensibly as
Two separate questions were considered:

possible.
Where should the computer be Situated?

(1)

(ii) Where should the design terminal be situated?

The computer was housed in a purpose built room in one

corner of the design office. This room provided the clean,

temperature controlled environment necessary for the machine,
The design terminal

and also attenuated the noise level.
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(the graphics terminal) was situated just off the main gangway
through the design office, (see fig 8.3). This location
afforded the following advantages:
(i) The design terminal was readily available to
all design office staff, and not absorbed
into a particular group, e.g. development
Or research.
(ii) The terminal was conveniently near to the
computer. This was useful, for instance,
when hard copy graphics were being
produced. It also meant that supervision
or help was close at hand when the user
needed it.

As shown in fig 8.3 a table was placed next to the
terminal to enable the designer to conveniently reference
drawings or make notes. Also the user guides and other
reference information were placed on a shelf behind the
terminal, within easy reach of the designer.

8.2. Familiarisation with the minicomputer system

The University of Aston computer system was arranged in
such a manner that development and running of programmes was
pPossible with only a little knowledge of the computer system
itself. However, once the minicomputer was purchased, it
was necessary to become familiar with many aspects of this
new computer system in order to be able to use it effectively.

Different manufacturers develop their equipment in

different ways. Thus, although decisions were made in part II

of this thesis on the necessary structure for the design

System, it was still necessary to see exactly how this

o

SO
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structure could be accommodated by the minicomputer.

Fortunately an almost identical system to that purchased
was in use at Southampton University prior to the installation
of the company's system. Therefore, familiarisation was
possible by observing this in operation. In this way some of
the fundamental principles of this type of computer system
were learnt e.g. file manipulation, programme development
procedures. This then allowed a comparison between the
Aston and minicomputer systems, and an assessment of the
changes required to the design software.

After a short time it became apparent that differences
between the Aston mainframe and the company minicomputer fell
into two categories:

(1) Differences that were inherent because of the
difference in size or type of the systems.
Predominantly hardware differences).

(ii) Differences that resulted because of the
different functions of the systems. (Pre-
dominantly software differences).

Once these differences had been clarified, it was
possible to decide how the minicomputer system and C.A.D.
software could best be matched. The salient differences
are described in the next two sections.

8.2.1. Hardware

The main difference in this category was, that using
the minicomputer it was possible to develop and run programmes
interactively and hence very rapidly. (Essentially the
university mainframe was intended to give a large number of

users a basic computing service rather than to give a
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'necessarily smaller number a rapid interactive service).
Using the interactive graphics terminal of the minicomputer
system, it was aiso possible to display graphic presentations
immediately during the course of programme execdtion. These
differences had already been anticipated in the production of
the design software and consequently only minor adaptions were
necessary.

The memory size of the minicomputer was a good deal
smaller than that of the mainframe. 1In order to offset this

disadvantage, on-line disc storage was available, but this

had a random access time of milli-seconds rather than
micro-seconds. Using the mainframe, it had been possible to
have all of the programme and necessary library routines,
along with any necessary data files, in memory at the same
time, (although this was not the most economical way of using
the computer). Using the minicomputer it was necessary to
structure the programme and data files much more carefully in
order to keep the memory size associated with a programme

down to a minimum. Once again, much of this had been foreseen

and the design system had been structured accordingly, as
described in part I of the thesis.
8.2.2. Software

The software differences arose out of the different

functions of the mainframe and minicomputer systems. The

software provided with the company's computer system was
biased towards the tasks of analysis and data reduction
rather than design. This meant that graphical and textual
Presentations were orientated'fowards large quantities of

numerical data. Alphanumeric information could not easily




~be handled. There was also no facility for manipulating
graphical displays during programme execution. This facility
is almost essential in design work where it is necessary to
optimise and adjust before settling on a final aesign.

Once it was appreciated that these were only software
differences, it was possible to set about writing the extra
software necessary to cater for the design function. The
extra software produced fell into three categories:

(i) Graphics subroutines
A suite of programme callable subroutines
was written that allowed the programmersto
display design charts of almost any
description at any stage of the programme
execution. By thoughtful programming
using the new subroutines, a programme
writer could allow the programme user to
effectively manipulate the displays during
execution.

(ii) Information retrieval
The file access software already discussed
in chapter 7 was modified to bring it into
line with the minicomputer file system.

(iii) Finally, other miscellaneous routines were
written to improve terminal communication,
and bring it to the standard suggested in
chapter 6.

These subroutines which were written primarily = for the
design system, were of more geheral use to all programmers

who might use the computer. Consequently, they were stored

el
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as part of the computer

separately from the design systen,

system software.

8.3. Conversion of the design software

Before the conversion process was begun, a ‘number of

experimental tests were made using the minicomputer to assess

how feasible different conversion proposals were, for

instance, how much programme execution would be slowed down

by disc accesses. When these tests were complete, the

translation of programmes, from the Aston mainframe to the

company minicomputer, began with the feasibility programme.

The main aim was to translate most of the basic three stage

system as rapidly as possible. Naturally, at the same time

the

it was necessary to prepare the backup facilities:

)
&

data files, and library subroutines.

Once the basic design software had been translated and

Sl

was operational, the data structure was expanded and the
The order in which

other programmes and options were added.

the programmes were translated is set out in fig 8.4,

however, more important than the order of translation is a

record of the various steps involved in adapting each

programme.
8.3.1. Programme adaptations
We have spoken of the programme conversion as though it

were a single operation, however, there were really a number

0of steps which had to be taken successively. Thus, the

overall conversion of each programme took one or two weeks.
During this conversion period there was a continual

process of programme improvement and maintenance to overcome

problems encountered. Excluding this complication for the

moment, there were the following steps:
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Actual translation of the programme code
This was necessary because of the differences

between the software of the mainframe and

minicomputer systems. This category included

changes in the input/output sections and file

access. The changes were made, either because

the original routines were unavailable, or
because the change resulted in more efficient
programme execution. Compiler differences

necessitated further minor alterations to the

programme code.

Preparation of backup data structure and

subroutines for the design system.

There is by convention only one data structure by

and subroutine library for the system. but,in
the early stages of the conversion, the
requirements of these backup resources were
continually changing and it was therefore

necessary to develop these as the conversion

proceeded. Similarly, extra alterations to
programmes were occasionally necessary to
match them to the modified data structure and
hence maintain the integrity of the system.

(iii) Overlaying

Once a programme had been substantially
converted, then in order to reduce its memory
requirement, it was overlaid according to the
proceduresof the minicdmputer system.

(iv) Tidying the final programme
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After the above alterations had been made, it was
necessary to.tidy up the programme both internally
and externally so that it could be easily used,
understood and updated. ¢
These were the main stages in programme conversion.
Along with this the documentation of the design system had
to be produced ﬁnd maintained, however, this will be discussed
in later chapters.
8.3.2. Data structure construction
In the last section we mentioned the necessity for a
single central data framework to accommodate the design
system. The proposals for such a structure were made in
part II of this thesis. It is worth noting now exactly how
this was established in practice.

The first step was to develop the data manipulation

routines necessary to the particular programme being converted.

At the same time a '"mock up" data structure was produced.
This contained just sufficient data to prove the principle
currently being explored. In this way it was possible to
assess the adequacy of various ideas without having to create
an entire file structure in each case.

Once suitable methods were found, the manipulation
routines were developed fully, and more data was added to the
data structure. This latter task was achieved using the
separate file manipulation programmes described in chapter 7.

Finally, development of the information retrieval system
described in part II was begun. All that then remained was
was to document the work. Some of this documentation, for

instance indexes of data files, was itself stored in the

S RS
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data structure. Further details of other documentation are

given in the next chapter.
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9.0. STRATEGY ADOPTED FOR THE IMPLEMENTATION

In the previous chapter the background was set for the
task of implementing the computer aided design system. In
this chapter various aspects of the Strategy adapted for

this task are described. These fall into the following

categories:

(i) Computer system administration.

(ii) Limited release of the design system.
(iii) Training and documentation.

(iv) Monitoring methods.

(v) Security.

The original proposals for these categories are
described in the next five sections.

9.1. Computer System Administration

A full description of the design system software was
given in part II of the thesis. The modifications necessary
to bring this into line with the minicomputer system were
described in the last chapter. In the early stages of
implementation, in addition to this programme development,
development of the computer system was also necessary. In
particular administration was necessary for allocation of
user numbers, on-line disc space, and off-line disc storage.
It was desirable to arrange this as early as possible to avoid
the inconvenience and effort of later changes.

So far as disc allocation was concerned, it was clear how
this had to be arranged for an efficient system. The fixed
disc was allocated to the computer executive software, and
the test rig programmes, as both of these had to be available
for immediate use, at all times. The remavable disc was thus

available for all other tasks. One removable disc housed
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the basic design system software. This particular removable

disc was left mounted on the computer most of the time, so that

the design system was also usually immediately available.

However, when it was desirable to use a programme which was

stored on a separate disc (e.g. the finite element programme)
then the design system disc was temporarily removed from the
computer system.

Each computer user was allocated a unique user number.
(The design system was also allocated a separate user number

for the use of those concerned with design system development).

The responsibility for the tidiness of a user's own file store
of programmes and data was left with that user, but a limit

was set on the amount of disc space available to him.

b

General purpose software was also stored under a separate

user number, but made available for use (but not alteration)

it G S RO

by all users. Hence each user had both the use of the design

and general purpose software, and the facility for keeping
his own personal data, results and programmes.

9.2. Limited Release and Project Champions

Soon after installation of the minicomputer, a strategy
was devised for introduction of the design system. The
argument for this strategy was as follows.

In the early stages after implementation of the design
software, while rapid development was continuing, the design
system would be in no state for general release. It would

have to be tried and tested over a period, and modified as a

result of problems of use. Nonetheless, during this period,

an increasing amount of useful design software would become

available.
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To enable this software to be used, the concept of project
champions was adopted. (The usefulness of project champions
in launching new ventures is described by Langrish 26). These
people were links between the new design system'‘and the
remainder of the design office. They had a knowledge of both
engineering and computing, and their function was two-fold:
(i) They were to run the design programmes in order
to discover any shortcomings in their operation.
Suitable improvements could then be made.
(ii) They were to make live runs to produce
information of use to the design office.
To enlarge on the first of these points, it was
essential that the design software was as correct and
acceptable as possible before it was generally released for
design office use, otherwise much criticism and disillusionment
would ensue. The project champions would be able to assess
the adequacy of the design system, and their knowledge of
computing would ensure that their suggestions were realistic.
The second point above concerned the provision of a
useful design aid for the design office while the software
was being developed. The project champions would be allowed
to use the design programmes for themselves and for others
during the limited release period, and would thus provide the
other designers with useful results before general release.
This would both benefit the designers, and provide further
feedback information as to the adequacy of the system.
The plan was, that the period of limited release would
extend over the software installation and commissioning phases,

an estimated duration of three to six months. At the end of
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this period full release would begin.

9.3. Training and Documentation

The training of design system users was split into two

parts: !

(i) Training to become conversant with the design
terminal, and to a lesser extent the
computer system.

(ii) Training to use individual design programmes

effectively.

The basis for this training was comprehensive but
succinct documentation, along with personal supervision
during design runs. The design system was documented at two
different levels corresponding to the two parts of the

training listed above. (The separate programme descriptions

intended for programme writers are not considered here).

The user documentation consists of the CADS (computer

alded design system) series of reports listed below. All of
these reports were written in the second person in order to

make them clearer and less formal.

CADS - Designer's reference guide

CADS - Description of design feasibility
programme
CADS - Description of design programme

CADS - Description of pump performance

programme

CADS Description of information retrieval
system.
The first of these reports (see appendix D) describes

the overall structure of the design system and also explains
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‘how the user should communicate with the design terminal.
After reading this report, the user should feel confident to
sit at the terminal and experiment with the design system.
Supervision at this stage should be minimal, thé mere
presence of somebody that can help should give the user
sufficient confidence to master this part of the training
alone.

Having familiarised himself with the overall design
system structure, the user will want to become conversant
with a particular design programme. This second part of the
training is covered by the second and subsequent CADS
reports.

The structures of all of these CADS programme descriptions
are identical. There are two main sections, one describing
how and for what purpose the programme should be used, the
other describing how the programme does this: essentially
the theory of each part of the programme. These usage and
theory sections are cross referenced, so that at any time
the user may turn from the usage section to the theory in
order to ascertain what the computer is doing for him.

The second part of the training might require slightly
more supervision than the first for two reasons.

(i) The CADS programme descriptions will naturally
contain omissions or ambiguities - certainly
the first editions will.

(ii) The user will have gained confidence with the
system and will be less likely to thoroughly
read the documentation.

In general, the supervision should consist of clarifying

e il oSl
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points made in the programme descriptions, and referring the
user to salient parts of the usage or theory sections. It
might also be necessary to demonstrate how each programme
should normally be used in order to teach the uéer some of
the techniques of running the programmes. To begin with the
user will probably work on existing established designs, so
as to become fully familiar and confident with the programmes.
Later he will want to try out some of his own ideas with new
or modified designs.

The intention was that user training would begin towards
the end of the limited release period, when it was felt that
the design software was ready for general release.

9.4. Monitoring methods

In chapter 3, it was explained that it would be necessary
to carefully monitor the use of any new design system, for two
reasons: first this information would be necessary for the
maintenance and improvement tasks, and secondly, it would
constitute an important part of the data for evaluation of
the project.

Three methods of monitoring were planned. The first was
to keep a daily record of, the work being done on the system,
the problems encountered by users, and the responses of
other design office staff.

The problems encountered and the criticisms would be
logged separately to expedite maintenance sessions. During
these maintenance sessions the aim would be to disturb the
outward appearance of the system as little as possible, so
that the user's operating instfuctions were not altered.

Initially a programme would be monitored for a week or two
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before any modifications were made. This would avoid repeated

alteration of programmes.

The second method of monitoring entailed the use of

verbal protocol. This consists in the user beiﬁg asked to
speak his thoughts aloud as he uses the system. ' This would
provide information on two aspects of the design system.
(i) The efficiency of communication between the

user and the computer.
(ii) The usefulness and flexibility of a particular

design programme.

This method would be used with both project champions

and other users.

The final method of monitoring was to interview the

users, both before and after release of the system. In

this way, the change in attitude of the users might be

determined and this would give an indication of the

acceptability of the system.

These were the three monitoring methods adopted. They

will be expanded, and the results obtained will be given in
later chapters of the thesis.

9.5. System Security

The last aspect of the implementation to be planned

| was that of security. This covers a wide range of problems,

some of which can be dealt with very quickly. The
fundamental security requirement was that the design system

software, and each user's personal file store, was safe

from accidental loss or tampering.

Security against a computer fault or disc breakage was

accomplished simply, by copying the working discs on to
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backing discs regularly (say once a week). Thus, the most
that could be lost was one week's work.

The privacy of a user's own files was facilitated by
allocating him his own user number. This was déscribed in
section 9. 1.

The other aspects of security were concerned with
protecting the design system from the users. To achieve
this it was necessary to distinguish four levels of authority
for making design decisions. These were:

(1) To make non-trivial design decisions during
the course of a design session.

(ii) To alter temporarily, those standard design
parameters and constraints usually regarded
as fixed.

(iii) To alter permanently the parameters and
dimensions in a pump design file.

(iv) To alter permanently the standard design
parameters mentioned in (ii) above.

Corresponding to these, several levels of authority of
use were distinguished. These levels were realised by
allocation of user numbers. The first level of authority
was granted to all designers that wished to use the design
system, but all other levels of authority were reserved for
more senior engineering staff by means of privileged user
number allocation. In this way, fundamental changes to the
design system could only be made with the consent of a
senior engineer. This considerably reduced the possibility
of the design system becoming'éorrupted during normal use.

This then summarises the strategy that was adopted for

ot
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the implementation. The two chapters that follow describe
how this phase proceeded in practice, and the problems that

arose.
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10.0. PERIOD OF LIMITED RELEASE

Once the minicqmputer had been installed at the company
and all of the software had been converted, it was then
necessary to re-commission the design system prior to
releasing it. As suggested in the last chapter, this was
done during the period of limited release.

Numerous design runs were made with the programmes in
order to assess their adequacy and, towards the end of the
period, a full CADS design run was carried out for one
particular pump model.

The four sections of this chapter describe most of the
work done by myself and the other project champions, using
CADS during the period of limited release.

10.1. Commissioning the CADS programmes

This section explains how the operation of the CADS
programmes was checked after conversion of the software.
This was necessary to ensure that they had not been
contaminated during the switch to the minicomputer. It was
also the last full check of the system before limited release
to the project champions. The design system components to be
checked were: the feasibility programme, the design
programme, the performance programme and the stand alone
packages such as the bearing design package. It was also
necessary to check the finite element programme allied to the
design system.

Some of the early problems encountered during the
commissioning were due to trivial programming errors. These
were manifested by execution éfrors or the occurrence of

impossible results (e.g. negative dimensions) when the

T it s
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programme was run, however, most of these were taken account

of during the normal programme development and are not
discussed here.
10.1.1. The feasibility programme
The method used to check the feasibility programme was to
run it for the company's existing established designs, to
ensure that their adequacy was correctly predicted. To do
this it was necessary to make decisions, in reply to programme
prompts, consistent with the geometry of the existing design
being used. Therefore, this constituted an unorthodox use of
the design system, but was satisfactory for checking the
validity of the programme. At the same time it was possible
to assess how readily the original designs could be uprated
and these results were compared with the actual uprated
designs. An example is given in fig 10.1; this clearly shows
the inadequacy of the original design for the uprated
specification. Three factors combined to give the feasible
design chart shown in fig 10.1 c:
(i) Modifications were made to the geometry of
salient components of the design.
(ii) Different materials or material treatments
were used for critical components.
(iii) One of the design constraints (the head loss
constraint) was relaxed as a result of
experience gained with previous models.
By these means, the allowed area on the feasible
design chart was restored.
Once confidence in the prbgramme had been gained, it

was then possible to use it in order to discover whether

s ek
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designs could be uprated stiil further, or whether a different
choice of basic geometry might have resulted in a model more
amenable to uprating. Three alternative designs, produced
using the feasibility programme in this way, aré shown in

fig 10.2. Although some of these alternatives appeared quite
feasible, additional criteria (such as size, volume, and the
extent to which standard parts could be used) made them less
attractive than the adopted design, (fig 10.1 c).

10.1.2. The Design suite

As described in part II of the thesis, the main purpose
of the design suite was to allow development of the design
chosen at the feasibility stage, until a sketch of the
running gear of the pump could be produced. The design
programme could thus be partially checked by developing a
design, which had been produced using the feasibility
programme, in order to ensure that the geometric predictions
of the two programmes agreed. Further checks were made by
separately evaluating design equations used in the
programmes and comparing these with the computed results.

In addition to assuring the validity of these geometric
design sections, it was necessary to check the accuracy of
the two analysis sections. These were the flexibility
analysis and bearing design packages. It was desirable to
compare the predictions of these with the results obtained by
some independent means.

In the case of the flexibility package, the method used
was to assess the flexibility of various cylinder block
geometries, first using the fiexibility package and then

using a finite element package. As shown in fig 10.3 the
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results agreed to within 10%. This correlation was quite
adequate for the purpose of comparing alternative designs.

In the case of the bearing package it was more difficult
to find alternative methods of analysis for comﬁarison. The
method eventually chosen was to compare the results from the
design package, with those obtained by the Glacier Metal Co. Ltd.
using their own bearing analysis programmes. A comparison of
the results obtained for an existing pump run under heavy

loads and at high temperatures is shown below.

Eccentricity Average
Temperature
Rise C

CADS Glacier CADS Glacier

Case 1 .87 .87 20 15

Case 2 .95 .94 15 10
Case 3 .95 .95 30 21
Case 4 .98 .96 25 15

TABLE 10.1 Correlation of the bearing

performance results
There were discrepancies between the temperature
predictions of the two methods, but in view of the extreme
conditions for which the results were obtained, the
correlation was reasonable. The package was, therefore,
considered suitable for determining the adequacy of
different bearing configurations.

10.1.3. The performance programme

As described in part II of the thesis, the performance

programme was intended for the evaluation of different design
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proposals produced with the design suite. Correlation between
the theory of this programme and experimental results had
been undertaken by Madera 22 when he first developed the
programme. To commission this programme, it waé’thus only
necessary to ensure that the CADS results agreed with those
originally obtained by Madera. Having established this, the
programme was then used in earnest in the design system.
Commissioning of the separate finite element programme
was equally straightforward. This programme had been adopted
from a version which existed on a mainframe computer, the
programme size having been reduced to suit the smaller
computer. The programme was checked by analysing elasticity
problems not concerned with pump design, but for whiéh exact
solutions were available. Since the basic operation of a
finite element programme is independent of the shape and
size of the subject of analysis, this was sufficient to
justify its subsequent use for analysing elasticity problems
in pumps.

10.2. "3.2" Model Design Study

The "3.2" model pump was the subject of a full CADS
design analysis. This was the same model as had been used
in the "user trip'" described in chapter 3. In fact the
final design of the unit had eventually been completed at a
United States division. The design study now described
provided an opportunity to compare the design obtained from
the new design system with:

(1) Those designs produced by myself and others
during the original dééign study.

(ii) The final design drawn up in the United States.
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©10.2.1. The original design study

Early in the project I undertook the design of the
"3.2" model at the company. The time taken to produce a
provisional scheme layout was four weeks. The design method
used was described in chapter Sgand summarised in fig 3.2.
This figure shows how the various design criteria defined
the order in which the pump components had to be designed.
The complexity of the task inevitably meant that trial and
error had to be used to satisfy some of the criteria. 1In

fact my first design attempt was unsuccessful. A geometric

inconsistency was encountered, as shown in the figure, which

could not be resolved without complete re-design. The second
attempt, however, was successful; the resulting scheme
layout is shown in fig 10.4.

After this user trip, I examined some of the alternative
schemes that had been produced by other junior designers who
had attempted the design previously. (To have examined these
earlier would have influenced my own design attempt). The
total number of schemes produced by these designers was six,
although four of these subsequently proved geometrically
inadequate. These schemes provided a wide range of
alternatives, however, none of them were dgveloped or evaluated.
Probably the main reason for this was that there was no
accepted method of comparing alternatives, that is, no way of
quickly developing each scheme to the stage where its
performance could be'directly compared with the other
alternatives.

10.2.2. Design of the "3.2" using CADS

During the period of limited release, CADS was used to
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‘tre-design' the 3.2 model. Using CADS, a large number of

alternatives were rapidly produced during the course of an
afternoon. The feasible design charts for seven and nine
piston alternatives are shown in fig 10.5. The 'schemes
produced manually, as described in the last section, are
represented on these charts. Some of the schemes incorporated
design features which displaced one or two of the restraints;
this is noted on the charts. These charts show how the
feasibility of different alternatives could have been
discovered much more rapidly, had CADS been available at the
time. As already mentioned, the schemes were produced by
junior designers. A more experienced person would have
ensured geometric compatibility before presenting the
alternative for consideration. Nonetheless, these attempts
demonstrate the danger of becoming preoccupied with one
design criterion, in this case the head loss criterion
(restraint number 2). The benefit of CADS in this situation
is that despite any such preoccupied, the remaining
restraints remain clear.

Figure 10.6 shows the pump sketch produced by pursuing
my own design choice through the design stage of CADS. To
proceed this far with the design study, and to continue
further to run a performance analysis using CADS took only
one day. This compares with four weeks taken for the
original user trip. Comparison of figs 10.4 and 10.6 shows
that the scheme layouts produced by the two methods were

very similar.

The next exercise undertaken with CADS was to check the

final design for this model (the design produced in the
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" United States). By this time, two years after the initial
design attempts, the specification had been altered to "3.3",
hence the need for a separate CADS design analysis. This
exercise again entailed using CADS in a slightl§ unorthodox
mode; the objective was not to compare and evaluate
alternatives, but simply to check the adequacy of the chosen
design.

As shown in fig 10.7, the check revealed that the
design did not violate any of the design restraints.

However, the results of the performance analysis showed that
slight modifications to the geometry might be necessary in
order to give adequate performance. These findings were
reported back to the United States division, where development
of the unit is presently continuing.

In addition to the information gained directly from the
use of CADS during this exercise, I found that the ease with
which the design run could be pursued enabled me, as a
designer, to pay more attention to the secondary design
aspects not considered by the system, for instance, the shaft
detail and the overall tidiness of the layout. This
indicated the benefit of CADS in directing the designer's
attention towards a more complete awareness of the overall
design. This will be discussed further in part IV of the
thesis.

10.3. Release to Project Champions

The previous section of this chapter described the way in
which I used the design system during the period of limited
release. The main purposes were, to check the design software,

and to assess the compatibility of the different parts of the
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design system. Some of the results were of immediate benefit
to the company, "as  was the case with the "3.3" design run.

The other users of the design system during this period
were the project champions. As described in chépter 9, the
purpose of the project champions was to test the system to
assess its acceptability for design office use, and also to
act as links between the system and the design office staff
during this period. 1In fact I acted as the main link with
the design office myself, and the other champions were thus
mainly concerned with using the software to uncover any
faults.

These two champions did much of the early trouble-
shooting for the design system. It was mainly their criticism
that led to the first modifications and improvements to the
system. They ran the system in earnest, and even set out
deliberately to design incredible models to see how CADS
would cope.

Numerous trivial inadequacies were discovered. These
were mainly due to omissions in programme logic. In this
category were the execution errors caused by the user
selecting a value outside the sensible range, for instance,
entering 813 instead of .813. These were effectively
shortcomings in the error handling capacity of the
programmes, and although easy to remedy, these might have
had profound consequences for inexperienced users, resulting
in disillusionment and loss of confidence in the system.

A second class of inadequacy concerned deficiencies in
the logic and structure of some programmes. Although thought
was given to the optimum programme loop size, as described in

/
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"part II of the thesis, in some cases the project champions
felt that the loops were too large. Some loops consisted of
six of more interactive exchanges and although these could be
circulated very rapidly, the user found this reéetition
tedious. Another criticism in the same category was that
the coupling between programmes was inefficient as the
computer sometimes requested the same piece of information
twice in successive programmes.

A list of the criticisms is given in table 10.2. These
are categorised to show the broad area of inadequacy.

The basic concept of the design system was not
criticised, nor was the worth of any of the individual
programmes. On the contrary, the rapidity with which a
design could be produced brought commendation for the system.

10.4. Review of Limited Release Period

The previous three sections of this chapter have
described the way in which CADS was used before the full
release of the system. During this period a number of
alterations were made to the software to improve the
operation of the system. In particular, a review of
outstanding amendments was made shortly before the end of
the limited release period, so that at the time of release,
all of the major criticisms had been considered and, where
necessary, acted upon. In addition to CADS software
problems, computer system problems were encountered. Many
of these had been foreseen and plans had been made to handle
them, nonetheless, they still impeded development during this
period. |

Halfway through the period, a new policy was implemented

for disc allocation. This was done because of problems




i/
ii/

i/

ii/

i/

ii/

i/

i/

ENGINEERING

Load factors fixed at unrealistic values.t
Head loss restraint should be in terms of . pressure

drop, not velocity change.

INTERACTION

Different pressure units used in two different
programmes.
Design file not erased when design attempt

abandoned.

PROGRAMME IOQOP SIZE

Some programme 1loops too large.

Not all input variables offered for alteration.

PROGRAMME COUPLING

The same input variable sometimes requested twice
in successive programmes rather than being

transferred directly.

ERROR BANDLING

Programmes occasionally crash when erroneous data

entered.
GRAPHICS

Facility for magnifying design charts inadequate.

10.2 Problems uncovered by the Project Champiaons

TABLE
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encountered during maintenance sessions and caused by
overcrowding of the removable CADS disc. In fact the policy
now adopted was that originally planned, (see chapter 7),
whereby the CADS disc was used only for programme development,
and running versions of the programmes were saved separately
on the normal running disc. The reason why this approach

had not been adopted from the start, was because of the
inconvenience of not being able to maintain the design system
while the computer had the normal running disc loaded.
However, in view of the problems, the new arrangement had to
be adopted and consequently overcrowding was alleviated.
There was an additional benefit from this new arrangement, as
it meant that a modified programme need not be copied across
on to the normal running disc and released, until it had been
fully proved. This was found Qf great benefit when making
extensive modifications, such as the addition of new

modules.

Despite the difficulties, the phase of limited reléase
went very smoothly. The time taken from the commissioning of
the computer to the release of the design system was 4% months.
By this time nearly all of the design software had been
switched from the mainframe computer to the minicomputer.

At this stage of the project the situation changed from
one of installing software, to one of largely maintaining
and updating it according to problems encountered after full

release. This phase is described in the next chapter.
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11.0. PERIOD OF RELEASE

At the end of tpe period of limited release, the design
system was considered acceptable for use by not only the
project champions, but also the other design offiice staff.
Many improvements had been made as a result of the project
champions criticisms, and all of the necessary user
documentation had been produced according to the plans of
chapter 9.

The end of the period of limited release coincided with
the start of a feasibility study for a new hydrostatic
transmission. The first section of this chapter is a report
of the use of CADS during this feasibility study. Following
this, in section 11.2, is a description of CADS use in the
improvement of an existing transmission. These two activities
are shown on the implementation time chart in fig 8.1.

A discussion of the maintenance and modifications
required during this period is given in section 11.3. This
includes a description of the final proving runs necessary
before the design system could be officially released
(i.e. before the necessary paperwork could be set up, and the
period of rapid programme development formally ended) .

The last section of this chapter, section 11.4, is a
review of the period of release.

11.2. The design of the new transmission

Work on the feasibility study for the new transmission
extended over a period of twelve weeks. During the first
eight weeks of this period, CADS was used regularly to assess
tﬁe feasibility of numerous alternatives. The use of CADS

during the first five weeks of this period is summarised in
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fig 11.1. On this figure the availability of the minicomputer
for design work is shown, as are the different design
activities that took place.

The chief development engineer of the comp;ny was in
charge of the project. An engineer and a designér were
responsible to him. Fig 11.1 essentially summarises the
activities of the designer who carried out most of the CADS
work. The use of CADS passed through three phases:
familiarisation, an appraisal of an existing design, and
real design work on the transmission. These phases are now

described.

11.1.1. PFamiliarisation and the appraisal of an existing
design

The familiarisation phase lasted two days. During this
time the designer experimented with the early stages of the
design system. I was available at all times for advice and
comment. Most of the information requested of me was
available in the user documentation, but apart from an hour
before the start of the familiarisation, during which he read
the first user guide (appendix D), the designer preferred to
ask rather than read. The questions asked concerned both the
use of the system, and details of the theory behind the
calculations; all of these points were covered in the
documentation. By the end of the first day the designer was
familiar with using the design terminal, and very few input
mistakes were being made. A few shortcomings of the system
were discovered during this period, (see table 11.2). These
were by and large corrected during the maintenance sessions
on the evening of their discovery.

The familiarisation phase led straight into a phase in
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which an existing design was reviewed. During a period of
four days this design was taken through all the stages of
the design suite. This gave the designer a feel for the kind
of results produced by the programmes. He coula compare
these results with his knowledge of the experimental
development of the design. One outcome of this exercise was
recommendations from the designer, for slight modifications
to the detailed design to improve the unit reliability.

These modifications were subsequently made.

The results obtained on bearing performance and overall
performance were saved for comparison with the results
obtained later for the new transmission.

By the end of this period, the designer had used all of
the CADS software and was therefore conversant with all the
design programmes. The most salient of those problems
encountered had been corrected. (The topic of maintenance is
discussed fully in section 11.3).

11.1.2. Transmission feasibility study

Figure 11.1 shows how work progressed on the new
transmission design after the completion of the‘existing
transmission review. The nature of the new transmission
specification resulted in three different approaches being
considered by the chief development engineer. Effectively
this meant that CADS design runs were necessary for three
different pump specifications, (pressure, flow capacity and
speed combinations). These are referred to here as options
1-3.

Work began on option 1 helf way through the second

week of full release. Initially CADS was used a great deal,
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‘as shown in fig 11.1. Four alternatives, with different
numbers of pistons, were considered for option 1. Each of
these was taken thrbugh the design system as far as was
practical, in effect, until a design inadequacy ‘caused the
alternative to be dropped. The CADS work for this option
lasted 3% days. At the end of this time, two alternatives
went on for further appraisal and design of suitable casings.
At the end of a further week of post-CADS appraisal, one
alternative was selected as a favourite for this option.

Next, CADS runs were made for option 2. The total time
spent on this option was 1% days. Three alternatives with
different piston numbers were considered. The most promising
alternative at the feasibility stage was pursued through the
design stage to obtain overall dimensions of the running gear,
and finally a performance analysis was run to check the
adequacy of this option. As can be seen from fig 11.1, the
time spent on option 2 was much less than that spent on
option 1. The activity was also much more rapid. This
suggests that learning took place. Not only had the
designer learnt to use the system more effectively, but also
he had learnt how to recognise the most practicable designs
at an earlier stage of the CADS runs, by referring back to
him experience in previous runs. This latter point was also
indicated by the fact that only one alternative for option 2
was taken as far as the performance stage, whereas with
option 1, three alternatives were pursued this far.

During the post-CADS appraisal of option 2, the design
team decided that it had nothing to commend it over option 1.

Furthermore, the shape of option 1 was more immediately
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‘suitable for the intended application. TFor these reasons,

work on option 2 was ended and development of option 1 resumed.

Initially only one alternative was considered for the

third option. In fact the design team wished to check the
adequacy of an existing design of pump, for use in the
transmission. The time taken to confirm this was less than
one day. Consequently, option 3 was pursued and developed in
parallel with option 1. During the subsequent development of
option 3, it became necessary to consider further alternatives,
with different speed and flow capacity specifications. The
ensuing pattern of work in each case followed that of the

last two CADS runs, therefore these will not be described
further.

At the end of the feasibility study, two clear
alternatives had been adopted and were submitted for the
customer's approval. One of these arose out of option 1, the
other out of option 3. This formed a natural break for CADS
work on the design. Work was unlikely to be resumed until a
clear alternative had been accepted by the customer. At this
time design would begin in earnest and CADS would again be
used to help detail the proposed design.

11.1.3. Appraisal of the feasibility study

The start of the release period went very smoothly. The
training of users went largely as planned, with much
supervision necessary during the familiarisation phase.

Within a few days useful results were being obtained from the

work. One implicit benefit observed during the course of
the work, was the designer's gfowing awareness of the factors

which limit the design of pumps. This was reflected in
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both the learning that took place and the evaluation which the
designer made on the CADS work as it progressed. For instance
the designer rapidl§ became aware of the consequences of
designing close to a particular constraint of the feasible
design chart. He also learnt how to "manipulate' the
performance chart by making modifications to the design.
These skills not only improved his efficiency with the design
system, but also resulted in a better understanding of the
pumps.

The use of CADS blended well with the designer's other
duties. This was indicated by the ease with which he moved
from CADS work to post-CADS development as shown in fig. 11.1.

Without CADS it would have been possible to consider
only a few of the alternatives pursued for the feasibility
study. As mentioned in chapter 10O, production of a scheme
layout for the "3.2" model took a junior designer four weeks.
Even an experienced designer would take at least two weeks to
produce such a scheme. This was confirmed by the time taken
to draught a casing for the option 1 running gear produced
with CADS. 1In contrast, the time taken to produce a scheme
using the new design system was, on average, half a day.

The shortcomings encountered during the feasibility study
are reported fully in section 11.3. The total time lost due
to CADS software errors (resulting in work having to be
repeated) did not exceed half a day. Overall, CADS was found
very useful in the feasibility study and was quickly accepted
as a design tool.

11.2. Improvement of an Existing Transmission

Shortly after the end of the feasibility study described
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~in the last section, a further exercise was undertaken with
the aid of CADS. This was a review of an existing
transmission with a'view to improving its reliability.

As an aid to development, CADS helped in three ways:

(i) By enabling identification of the factors
influencing unit reliability. (This was done
by correlating programme results with
experience).

(ii) By enabling investigation of ways (whether
feasible or not) of improving the
reliability.

(iii) By enabling evaluation of practical
improvement proposals made by designers.

The attempts to correlate the experimental results with
programme predictions were only partially successful. The
performance programme did correctly predict the general mode in
which units would fail, but it was less successful in predicting
correctly the performance of individual units, for instance,
why one unit should run better than another. The conclusion
was that variables not considered by the programme were
contributing to the experimental results. Nonetheless, the
general correlation was sufficient to inspire confidence in
the use of the programme for the other two purposes listed above.

The CADS programmes Wwere next used to discover mechanisms
that might lead to an improvement 1n reliability. A large

number of mechanisms were investigated over a period of two
days. These might all have been feasible in a complete
re-design, but certainly were not all feasible as design
modifications. They were, hoWever, all noted and used as an

aid to the conception of realistic design modifications.
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The final use of CADS, and the phase that took up most
of the period, was the evaluation of real design alternatives
suggested by designers. Some of these had been indicated by
the previous CADS runs. In total, 14 distinct ﬁodifications
were suggested. (This abundance of ideas confirms the premise
made in chapter 3, that there was no shortage of creativity
within the company). A summary of the ideas and their
development is given in table 11.1. As these modifications
are confidential, they cannot be described specifically, but
they are split into four categories: modifications to the
portplate, cylinder block, bearings and material changes.

Each idea was first evaluated, if possible using the
CADS software, before a decision was made whether or not to
develop it. Promising ideas were then drawn at the board
and, if they still looked attractive, they were produced and
tested. Of the 14 ideas, 7 could be evaluated effectively
using CADS. Eventually, a combination of 3 of these
modifications were made to the design. These contributed to
give a substantial improvement in reliability.

Of the eight engineers involved in the review, five used
CADS personally during the investigation. Others were
involved in evaluating the results and arranging the necessary
development of ideas. A few problems of use were encountered
during this period, but these were quickly overcome and did
not impede progress. Four different CADS programmes were
used during the review. These were:

(1) The performance programme (used almost
continuously to assess‘alternatives).

(ii) The flexibility analysis package (to
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calculate the flexibility of modified

cylinder blocks).

(iii) The portplate design programme (to indicate
the adequacy of modified portplates). ‘
(iv) The bearing design package (to assess the
effect of other modifications to the
portplate and bearings).
The overall investigation extended over 6-8 weeks. At
the end of this time the final modifications were being

tested.

11.3. Maintenance and Modifications

11.3.1. Maintenance during the Release period

During the release period efforts were made to keep the
design system up-to-date and so problems that arose during
the CADS work were rectified the same evening. Table 11.2
shows a number of faults that arose during the release
period and indicates the promptness with which they were
dealt. The problems which are classified "U" (urgent) are

those that had to be corrected before CADS work could

continue satisfactorily. Table 11.2 shows that despite
efforts to remove all problems by the use of project
champions, when the system was used in earnest by a new user,
numerous shortcomings were uncovered. The time taken to
amend each problem is also indicated in the table. Most were
dealt with in less than an hour and were therefore remedied
before the next design session. These, by and large, were
CADS software errors and could therefore be remedied without
recourse to computer system méintenance.

A few difficulties were caused by computer system
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'problems. These were mainly teething troubles, some of them
caused by the company's lack of familiarity with minicomputers.
These problems, which were generally more difficult to amend,
are denoted "S'" (systems) in the table. ‘

A third category of problem denoted "G", required the
development of further general purpose software. This was
the case with problem no.20, (the request for hard copies of
design runs). This kind of difficulty affected all
progamming and necessitated not only the writing of extra
software, but also extensive editing of all programmes
concerned. For this reason this category of maintenance was
left until the end of the period of release when demand for
CADS runs fell off.

In parallel with the modifications to the programmes,
the documentation had to be updated. This was achieved
quickly and simply by making modifications to the master
copies of the user guides, which were kept adjacent to the
design terminal.

11.3.2. Maintenance at end of release period

At the end of the release period, the CADS software was
again tested by a project champion, this time with a view to
discovering the amendments necessary prior to official
release. The documentation was first checked, not only the

user guides, but also the programme descriptions containing

details of the programme theory and structure.

During the programme runs, which followed, the project

champion spoke his thoughts aloud. This enabled me to

record his specific criticisms, and also to assess how well

he was now able to cope with the programme interaction,
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(many modifications had been made since the period of limited
release). No serious problems were encountered. The
champion felt that the interaction was clear throughout,
nowever, he did criticise the format used to pre%ent the
dialogue on the design terminal, and suggested that this be
improved before official release.

Finally, programme code listings were checked to ensure
that they had been written according to the standards set out.

After correction of minor faults, the software was
considered ready for official release. The programme code
listings and programme descriptions were collected and saved
in a programmes issue file. The software was then copied to
a separate user number reserved for officially released
programmes. Once the programmes had been officially released,
maintenance procedures were formalised to bring them to their
present state.

Although experimental software modifications can still
be tried out on the CADS development disc, no alterations
are allowed to the running version until these have been
fully proved and the necessary programme change procedure
has been followed. The change procedure entails completion

of a document explaining: the need or reason for the change,

the exact nature of the change, and the effects that this has

on programme operation. After each change is made, the

corresponding document is saved in the programme’s issue file.

In this way programme users cal quickly discover the current

state of any programme.

Another aspect of mainternance concerns the way in which

i T
user's comments are reported to the programme writers. Fo
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this project the method adopted entails the use of a "COMMENTS"

pook which is kept by the design terminal and in which any
user may record his problems or suggestions. By checking the
contents of this book regularly, say once a montE, a programme
writer can discover how successful his software is, and
arrange to deal with any points requiring attention.

11.4. Appraisal of release period.

The period of release lasted five months during which
time CADS was used to aid both design and development work.
When interviewed prior to release of the system, potential
users made a number of predictions about the success of CADS.
These are recorded in table 11.3 along with the actual
outcome.

The main fears were that CADS would inhibit the
designer or take control away from him, possibly by removing
the opportunities for initiative or slowing the pace of the
work. These fears were not substantiated, and the designer
rapidly learnt to use CADS as an effective design aid.

Apart from occasional delays of up to thirty seconds caused
by long internal iterations in the analysis packages, the
pace of CADS runs was determined by the designer. In the
case of both the new transmission design and the existing
transmission review, the duration of the exercise was
determined by the time taken to develop the work produced
using CADS. This was indicated in fig 11.1.

The usefulness predicted by users was borne out by the

work already described. In addition to this the system

clearly demonstrated to the user some of the fundamental

criteria affecting pump design and performance.
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The degree to which the designer retained control of the
design work, using the new system, was shown during the new
tranémission design. There were vast differences between

the schemes proposed by the sponsoring company, ‘and those
proposed by a competitor for the same contract. The
competitor's design team had adopted a different specification
and had made different principal decisions during the design
work. For comparison only, suitably modified criteria were
used in a subsequent CADS run. The result was a scheme much
closer to the competitors.

Halfway through the release period, after a request from
the design team, a new module was devised for the feasibility
and design stages of CADS, in order to cater for a possible
new design of swash plate. The geometric problems associated
with the new design were three dimensional and difficult to
consider without detailed draughting. Work on the new module
was carried out in parallel with the system maintenance and
extended over a period of two weeks. The actual time spent on
the module was eight hours, of which four were spent deriving
the necessary equations defining the geometry and operation of
the new arrangement. No problems were encountered in
producing this module and design work was not interrupted.
Although the modification was straightforward, the ease of

update showed promise for the future of the design system.

Subsequently, another programme module was updated, this time

belonging to the performance programme. Again the

modification was quickly accomplished and no problems were

encountered.

Returning now to the recommendations set out in chapter 2
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for job satisfaction,we see that in most respects

the system

produced 1s satisfactory. As the work on the new transmission
design progressed, the designer gained a sense of achievement
and certainly an interest in the work itself. This was
doubtless helped by the knowledge that he was learning from
the experience. The style of interaction incorporated into
the system satisfied the main psychological objectives by
enabling a flexible, informal flow of information between the
designer and the computer.

The only slight problem was that of fatigue encountered
early on when CADS was being used extensively. This problem
was eventually solved when a terminal booking system was
introduced and the maximum continuous period of terminal use

was limited to two hours.
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12.0. EVALUATION OF THE PROJECT

o

In this chapter an evaluation of the project is given,
Section 12.1 first réflects on how adequately the original
project objectives have been satisfied. This is followed by a
section in which the benefit for the sponsoring company 1is
estimated. In particular, thebenefits of thenew systemover the
original system are expounded. Section 12.3 draws conclusions
from the experience gained and suggests how this might help the
sponsoring company or other companies in future work. The
final section is a recapitulationof the achievements of the
project.

12.1. Satisfaction of objectives

12.1.1. Objectives satisfied to date

In chapter 3 the primary objective for the company was
defined. This was then developed into four specific objectives
for the project and a set of basic requirements which any
proposed solution had to satisfy. These are all listed in
fig. 12.1. The work reported in parts II and III of this
thesis has resulted in all of the specific objectives and
requirements being satisfied. A systematic design system has
been devised, implemented and used to aid both design and
development work. The results obtained show that the new
system can be used to produce a large number of alternatives

very rapidly, in a form that can Dbe quickly evaluated by the

designer.

The philosophy expounded in chapter 6, concerned with the

production of effective interactive software, adequately

satisfies the second project objective: to produce an

effective interface between the design system and the designer.

The system has already been operated by six design office




i)

ii)

iii)

iv)

i)

ii)

ii4)

iv)

PRIMARY PROJECT OBJECTIVE

To improve the company's design method so as to
]

reduce the combined design and development lead time.

SPECIFIC PROJECT OBJECTIVES

To devise logical and systematic procedures for
designing axial piston pumps with more certainty.
To find the best way of presenting these to the
designer.

To implement these procedures in the existing
design office environment.

To monitor the use of the design procedures and

to subsequently evaluate them.

SOLUTION REQUIREMENTS

The procedures had 1o be easy to understand and use,
and require little specialised knowledge on the part

of the designers

They had to be pleasant 1o use SO that a designer

would be motivated to use them.

They had to be versatile enough to cope with

deviations from normal design practice.

Updating and other improvements had 1to be easy to

implement.

The procedures had to make full use of scientific

research, and experience'gained through development

and testing.

FIG. 12.1 Objectives of the Project
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staff. All of these were able to use the system unsupervised
after very short training sessions (less than 30 minutes per

programme). The reéponses of all users have been favourable;
all felt that the benefit of the system outweighed the minor

difficulties encountered during the release periods.

The versatility of the system was demonstrated by the
ease with which‘it could be used for either producing new
designs or checking and developing existing designs. The
modular structure used for the system meant that it could
also be maintained and updated very easily. This enabled the
system to be kept operational throughout the release periods.
12.1.2. Satisfaction of the primary objective

As shown in fig 12.1, the primary objective for the
company was to reduce the combined design and development
lead time associated with production of a new model. The
method adopted was to devise procedures whereby a new model
produced would require fewer post-prototype modifications.
Although the design proceduresdevelopedcertainlyresultin a
more rapid and systematicdesignn@thod,as the design system has
only been genera1157évai1able for four months, it isnot possible
to say with certainty whether the combined design and
development time will be reduced. Instead, we will have to
make an estimate based on a comparison between the progress
made on the new transmission contract, described in
chapter 11, and work on previous contracts undertaken by the
company. The opinions of the design office staff and

management must feature largely in this estimate.

A study of previous contracts of the company revealed
that the development period generally passes through three

bPhases. The first phase proceeds as far as the prototype
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production. After this, is the phase of assembly and initial

commissioning tests. The final phase entails testing under a
full range of operating cénditions. During any of these
phases problems may result in design modifications and
consequent modification of the prototype.

On previous contracts the elapsed time from completion
of first detail drawings to the first successful test of a
prototype had been about nine months. The average time taken
to accomplish one modification to the prototype (the lead time
on prototype modifications) was typically three weeks, The
company's design team estimated that in the first two phases
of development, three or so modifications would be saved by
having used CADS at the design stage. This is equivalent to
a saving of nine weeké.

During the design work, CADS had enabled the designer not
only to assess the scope for modification but also to make
performance analyses for a full range of operating conditions.
This, the design team felt, would lead to further time being
saved during the third phase of development as not only would
the unit be more likely to satisfy the performance criteria,
but also minor modifications would be more easily accommodated.
The experience with CADS gained during the existing transmission
review (section 11.2) suggested further, that those
modifications that were necessary might be more satisfactorily
accomplished now that CADS was available.

Overall time savings during the third development phase

are difficult to assess, especially as the length of this phase

varies considerably between contracts. However, a figure of

10% was predicted by the design team. This would represent a
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'saving of eleven weeks on a typical contract.

In addition to these savings, there is the saving on the

ipnitial design.

this design phase.

Experience on the new transmission contract

in the table below.

Original Estimated Duration
Duration saving after
(weeks) (weeks) savings
(weeks)
Design phase 36 5 31
First & 48 9 39
second
phases of
development
Third phase 108 11 97
of
Development
Total 192 25 167
Estimated time saving = 13%
TABLE 12.1 Estimated saving on the design and

Admittedly, these estimates are fairly crude,

design and development time.

shown in the next section,
Cost benefit to the company.

in the future, these savings should 1

development lead time

suggested that a final reduction of five weeks was likely on

The overall situation is now summarised

but they

do indicate the savings that are expected in the combined

These are somewhat lower than

those set out in the original objectives,

As the design system is developed

ncrease.

but as will be

the savings still represent a net
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12.2. Benefit for the sponsoring company

—————

The objectives of the project were primarily intended to

penefit

the company. There were, of course, advantages for

other parties such as the designer and the custohers, but

these, too, should reflect favourably on the company

through improved labour relations and an enhanced reputation.

In this

section we divide the benefits into several categories,

beginning with a Jjustification on a cost basis alone,

12.2.1.

Cost Evaluation

Figure 12.2 shows the savings expected on the cost of the

design and development period by using the new design system,

It is assumed that the capital cost of the design system was

borrowed at 15% and will be repaid over a period of 5 years

(the nominal life of the computer system)*. To simplify the

analysis it is also assumed that the costs of training and

maintenance for the new system are the same as for the

original system.

The estimate of 10 man-weeks saving on the design phase

is based on the design study for the new transmission. This

estimate was endorsed by the technical manager. As expected,

the main savings ensue from the development period. The

figures
in this
benefit

In

further

of Table 12.1 show that savings of 13% are expected

phase. These savings will result in a net cost

to the company.

addition to this straightforward analysis there are

benefits of reduced design and development lead times.

*

Details of actual financila

1 arrangements are naturally

confidential.




Cost of developing the design
system. £15000

*

Capital cost of the minicomputer
attributed to the design system £20000

35000

Assume this money is borrowed
at 15% to be repaid over 5 years,
(estimated life of the minicomputer.

Annual repayment 10400

Design time saving assuming 1 design
feasibility study every two years:

?men x Sweeks x 35hr/wk x £32/hr

2yrs

Cost benifit of 13% reduction in
development time,

Estimated net annual saving = £22000 approx

2100

30000

32100

These figures constitute an estimate only apd are not
intended to indicaete the compapy’s actual financial

circumstances a@r policies.

FIG. 12.2 Cost evaluation of the project
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The reduced designtime means that tenders for customers can be
produced more rapidly. The reduced development times means that
more markets are opéned as earliest production dates can be
prought forward. Both of these factors increase the possibility
of order capture. As a single order may be worth £im per

year in profit, this is clearly of importance iﬂ a cost
evaluation. However, as the feasibility of order capture
depends on several other factors (e.g. the company's

production capacity) no attempt will be made to quantify
this aspect.

12.2.2. Benefit for the designer

According to the comments of users, CADS was pleasant
and interesting to use. Essentially, two tedious activities
present in the original design procedures had been removed.
These were: the necessity of making repeatedly a large number
of calculations, and also the need to make scale drawings of
many alternative design schemes and their components. This
latter activity is distinguished from detailed draughting,
which still had to be carried out once firm decisions

regarding layout had been made.

CADS offered the designer more scope for initiative than
the original inflexible design guide, but at the same time
effectively warned him of the consequences of his ideas. He

thus became more confident to explore new possibilities.

The rapidity and simplicity of the new system encouraged the

designers to use it often and helped prevent boredom.
Dependence on the designer's memory, implicit in the

old system, was reduced with CADS, however, this advantage

was partly offset by the tendency to consider more design

alternatives. The need to search for data was also reduced;
this benefit will become more apparent as the information
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retrieval system 1s developed,

The availability of the common knowledge implicit in
CADS meant that the designer could more confidently attempt
problems that he might otherwise have thought beyond his
ability, knowing that in turn his extra experien¢e could be
fed back into the system for others to use.

To summarise, the overall effect of CADS on the designer
was both enabling and provoking: the system not only enabled
him to carry out new and interesting work, but also
encouraged him to do so.

12.2.3. System flexibility

As suggested in the last section, the original design
procedures were inflexible, They were also vulnerable to
deterioration through turnover of staff and consequent loss
of experience. The development of CADS helped to improve
this situation. The arrangement of the software was
designed to warn rather than instruct, thus the real
decision making was left with the user. Inevitably, a
large quantity of engineering knowledge was stored
permanently in the computer. This could be added to at any
time by updating the system.

In chapter 11, an updating session was briefly described.
This indicated the effectiveness of the modular structure
for ease of maintenance. This modular structure also enabled

CADS to be used as either a number of stand-alone tools or an

Overall system, another manifestation of the flexibility which

resulted in its being used with equal success in both design

and development work. This was demonstrated by the work done
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A clear benefit of CADS over the original design method
was indicated during-the design of the new transmission by
the large number of alternatives considered. This allowed

a degree of optimisation that would have taken mhch longer
to achieve using the original method.

The full flexibility of CADS will only be discovered
as the system 1is developed and expanded. However, experience
to date indicates great promise.

12.2.4., Suitability for the chosen computer system

The strﬁcture of CADS was devised with a minicomputer
in mind., The features of most minicomputers are similar, so
the general question is that of the viability of minicomputer
based systems. The software aspects have already been
described in Part II of the thesis; here, the other aspects
are considered.

The size of the computer is the most important single
factor in determining the feasibility of such a design
system. During the development of CADS, problems were
encountered due to shortage of both memory and disc space.
The problems were overcome Dby using these resources more
effectively, but as development of the system continues,
problems may recur.

Having established precedents for desirable programme
size, it is unlikely that memory requirements will increase

significantly unless additional design terminals are added.

Even if extra memory is required, there is scope for expanding

the computer system to double the present amount of memory,

thus this is not a serious problem.

i > . 3 to
Disc space is more likely to need increasing
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accommodate new programmes - and further data storage This

expansion may be achieved in one of two ways: either by
buying more discs and adopting an approach whereby each
computer activity will necessitate having the correct disc
loaded, or else by buying more or larger disc drive units to
allow more information to be stored on-line. These
alternatives will not be discussed further here as it is
sufficient that scope for expansion exists.

The calculation speed and the disc access speed of the
computer, combined with sensible programming, has resulted
in efficient interactive programmes being produced for the
company's computer. Very large programmes (greater than 30k)
have been accommodated by using various size reduction
techniques. Provided that programming standards are
maintained there should be no serious programming problems
in the future.

Of the design office staff, one engineer has been given
specific responsibility for the computer management, but
other than this, job descriptions have not been altered.

This summary shows that the concept of a minicomputer-
based design system proved quite viable for the sponsoring
company and suggests that a similar system should prove
satisfactory for other companies.

12.2.5. Other benefits for the company

In addition to those already mentioned, a number of

further benefits accrue to the company. The system has

effectively increased the company 's capacity to handle

various design and development tasks. For instance, the

capacity to produce tenders for prospective customers has
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peen considerably increased. The system also ensures greater

rationalisation of design procedures and ease of maintenance,
as all the design software is produced to a common standard.
This will become more apparent as further softwatre is added
to the system.

A further benefit to the company ensues through the
company being regarded as more modern by its customers, as
a result of the use of computer aided design. The prestige
attached to C.A.D. will normally enhance the reputation of a
company. This may be reflected in terms of orders placed
with the company.

Opposing these benefits, there are one or two
disadvantages. The design procedures have naturally become
very dependent on computer reliability, and it is also
necessary that the company employs one or two staff with a
substantial knowledge of the computer. Neither of these
points pose serious problems provided that they are
recognised and suitable insurance is taken out.

Critics might argue that this project constitutes the
first step to total automation of the design procedures. As
described in chapter 4 of this thesis, this would be both
impractical and unacceptable in the field of evolutionary
design. However, provided the development of CADS continues
according to the precedents set out to date, then the

critics arguments should prove unfounded.

12.3. Discussion

Figure 12.3 is a timetale of the whole project,

showing the different phases from the original declaration

of the brief, to the evaluation of the released system.
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‘Further development of CADS is planned for the future to

incorporate the results of further research presently being

undertaken by the company. As well as additions to the

design software, the information retrieval software will also

pe expanded to include further design information. The

framework which has been developed should be able to cope with

considerable expansion as indicated in section 12.2.

Reflecting on the schedule of work, it appears to have

progressed smoothly from start to finish, The total period

of 2% years would probably have been reduced to
suitable minicomputer had been available at the
project. However, this would have considerably
early stages of the project as there would then
much stronger bias towards using a minicomputer
for the system.

Other companies planning a review of their

evolutionary design procedures ought to be able

2 if a

start of the
affected the
have been a

as a basis

own

to learn from

the experience of the sponsoring company. A few suggestions

are listed below.

(1) It is essential to thoroughly investigate

existing design procedures before trying to

improve or replace them.

(i1) Of the three approaches to design: analysis,

synthesis and automation,
suitable for a systematic,
design method.

(iii)  If new or modified d

successful it is necessary to consil

the technical requireme

nts, but also the

synthesis 1is most

designer—controlled

esign procedures are to be

der not only



(iv)

(v)

(vi)

on computer-aided design in this list.
to adoption of this aid category W

but these arguments wil

It will be noted that ther
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interface with the prospective users

Furthermore,

the design procedures themselves must allow the
designer sufficient flexibility to consider the
non-technical aspects of the design work'
Initial proposals for new design procedures should
be kept as flexible as possible, especially if
purchase of hardware is to be left until late
on. This will also ensure that the final
procedures can be easily updated and developed
after they are released.

New procedures may be introduced gradually by
staging the release. For instance, in this
project, periods of limited and full release
led up to the official release. Leaving the
official release until last minimises the amount
of paperwork necessary during the rapid
development of the system, and also avoids the
possibility of a half-developed system belng
released to critical staff.

Once released to the design office, it is

important to monitor the use of the new

procedures and act swiftly on reasonable

criticisms, in order to gain the confidence

of the users and maintain the usefulness of

the procedures.
e are no specific suggestions

The arguments leading
ere expounded in chapter 4,

1 not necessarily apply to other




companies. Suggestions for a suitable philosophy for

computer-aided design systems were expounded separately in
chapter 6.

The maximum benefit of this project was efflectively
determined by factors beyond the scope of the project.
Although considerable lmprovements have been made in the area
of design analysis, as would be expected a new bottle-neck
has arisen further along the design process. Design schemes
can thus be produced more rapidly than they can be fully
developed and evaluated. In this project, the overall
result for the company was still a substantial improvement
in the capacity to handle design studies. However, other
companies should consider carefully where the new bottle-
neck will arise before proposing vast improvements in
specific areas.

Finally, it is worth reiterating that the improvements
achieved did not involve vast sums of money. As suggested
in chapter 2, the emphasis must be on compromise between
satisfaction of the objectives and expenditure of resources.
Careful thought and planning can achieve a great deal,
especially if the problem is regarded from the user's
viewpoint.

12.4, Recapitulation

This thesis has provided arguments and examples concerned

with establishing:

(1) The viability of a minicomputer based design system.
(11) A suitable method for implementing such a design
sSystem.

(1ii)  The nature of effective interaction between the
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designer and the system.

Two key aspects of the system viability have been
discussed: the cost and the capacity. 1In chapter 4 the cost
was shown to compare favourably with the other alternatives
considered. The design system devised in this project was
evaluated earlier in this chapter. The system results in
considerable reduction in the time and cost of design and
development (see table 12.1 and fig 12.2). The capacity of
the minicomputer has proved quite adequate; sophisticated
programmes, Some originally greater than 30K in size, have
been accommodated comfortably.

Two novel methods were used to facilitate implementation
of the design system. These were the use of project
champions, to promote the use of the system,and the idea of
releasing the system in stages (chapter 9). These methods
complemented each other and resulted in the smooth
implementation desired.

The whole of chapter 6 was devoted to the style of
interaction adopted for the system. Two features that
contribute greatly to the success of the system are:

(1) The concept of the feasible design chart
which clearly shows the designer the constraints
on the design and also allows him to
manipulate these during programme execution.
(ii) The option of typing HELP in reply to yes/no
questions, which provides a simple but
cffective means of ensuring that the

designer retains ultimate control of the

design procedures.
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The overall result of the project has been the
successful implementation of improved design procedures in

the sponsoring company.
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APPENDIX A

AIDS TO DESIGN

This appendix f:LS the result of a review of design
aids undertaken by the author early in the project. It
is intended to reinforce the arguments of sections

2.2, 4.1 and 4.2.




AIDS TO DESIGN

Introduction..

As time goes on, the number of design aids and
techniques available to the designer increasest Some of
the fields of knowledge, such as computer technology, are
expanding very rapidly and revolutionising design
procedures in some areas. On the psychological side too,
much work is being done to assimulate and classify the
numerous mental aids that might be used. Not so long ago
many designs were based primarily on experience, the current
doctrine being 1laid down in a design manual of some sort.
The calculations were then often carried out with just a
slide rule. Now the slide rule is virtually obsolete and
where manuals are used they are not the thick texts they
used to be, nor do the codes set out in them have the same
permanance.

In this appendix then, Wwe will review some of the
aids which the designer might-use. Such 2 review is
essential to the project undertaken for the company.

The next section dealsbriefly‘with purely mental aids
to guide or stimulate the mind of the designer. The

remaining sections are concerned with physical aids to

design and analysis and the tools or methods relevant to
their use.

A.2. Mental Aids.

A.2.1. Aids to creativity.

Probably the two most common mental aids are the

methods of brainstorming and synectics. These are mainly

concerned with stimulating-creativity or inventiveness by




O

encouraging the designer to look at the problem in a
new light. Many problems have been solved by these methods
’ ’

although often the designer is unaware that he has used the

aid as such.
(]

Brainstorming involves a number of people, (usually
of different disciplines, who might contribute to the
problem solution), gathering together to generate ideas.
The ideas are noted and discussed at the session, but are
usually not evaluated or rejected until after the session.
In this way the contributers feel less inhibited and more
ideas are generated. All too often a designer may be
reluctant to make a suggestion to a production manager
(or vice versa) for fear.of ridicule. Brainstorming
sessions should prevent this.

Synectics is a method of analogies. In addition to
direct analogy (such as the popular electrostatic/
electromagnetic and electrodynamic/hydrodynamic analogies),
personal analogies may also be used. A person in the group
might throw light onto a pearing failure by imagining
himself to be the bearing, that is considering the
environment, the forces, and transient effects which he

would experience. This method too is usually carried out

in teams.

The two methods discussed here are treated more fully

by Alger & Haye527.

A.2.2, Aids to evaluation

Now we consider the mental aids to evaluation. Check

lists and matrix analysis fall into this category. The

use of check lists is self explanatory, the aim is to

focus the designers attention On cach issue in turn. The




kind of classification used in such lists will depend on

the problem. Sometimes it might be beneficial to consider

the subjects or components: for a pump we might have

pistons, shaft, bearings etc. Other times, the performance
¢
characteristics might be considered: power, efficiency,

reliability.
This method is often extended to include direct
comparison of alternatives by weighting the criteria,

28 .
(P.C. Gasson ). For instance, we might carry out an

evaluation of four pumps using the criteria shown below.

| | |
Efficiency 3 3 1 2 | 2
Reliability 4 2 3 14 3
Weight 5 3 3 5 3
. Volume 4 2 38| 4 2
16 10 | 10 ' 12 ! 10

TABLE A.l Cheeck list for comparison of alternatives

However, unless care is taken with this method,
anomalous results can be obtained through choosing designs
which excel in only one respect. Notice that the best
choice above has the lowest reliability. Thus, it may

be necessary to put a lower 1imit on the permissible score

for each criterion.

. 29
The matrix method of evaluation (Beakley & Chilton)

is usually used in creative design, although in principle

there is no reason why evolutionary design should not ;

benefit too. Normally two or three dimensional matrices

are used to show the relationships between different
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classes of design parameters.

New machining proces

New material - o
New geometry - */////’ /////f ////// {/;///L/////

[
Increase 1
reliaebility.

Reduce | ’//1

volume. - |
Increase
efficiency

FIG. A.1 The Matrix Method of evaluation apnlied to
the design of pumps

The above sketch shows one way in which a three
dimensional matrix might be used to investigate ways of
improving the performance of a pump. However, it 1s usually
difficult to represent and to digest three dimensional
information (especially since this is normally only presented
in two‘dimensions). Therefore, it is advisable to use two
dimensions only, whenever possible. This will usually involve
tabulating the alternatives against the likely consequences
in some way.

These then are probably the most common mental aids.
There are many more: morphological charts, boundary

searching, black box design, too numerous to mention, but

worthy of consideration 1in the context of the specific

problem. J.C. Jones 30 1ists a large number of these

mental aids and the corresponding stage of problem solution

that might benefit from their application.
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A.3. Charts, Tables and Diagrams.

A.3.1. Simple charts and tables.

We now eonsider the more practical aids.

Conventionally

charts, tables and diagrams are presented on paper in two
dimensions. They may represent well established theoretical
or empirical data; for instance steam tables, gaé flow
tables and charts, material properties, or they may be used
to represent or store information peculiar to a particular
company OTr product; past product information or standard
sizes. Design tables and simple charts often compete for
the same kind of information. For instance steam tables and
Mollier charts show essentially the same thing. The benefit
of charts is their ease of use, but tables generally allow
greater accuracy, Dby interpolation if necessary. However,
in spite of this, design charts, especially some of the more
elaborate ones, can be very flexible and useful indeed.
Simple performance charts can show simultaneously the
variation of many parameters as some controlled variable 1s
altered. For instance, volumetric, mechanical and overall
efficiences or, torque and power may pe plotted against speed,
or pressure, or machine attitude. This kind of chart may be
plotted from empirical or theoretical data.
A.3.2. The nomogram

The nomogram 1is fundamentally different. It usually

represents design equations and SO not only indicates the

characteristics of the system concerned, but also allows

direct evaluation of certain parameters without calculation.

The basic linear nomogram consists of a number of parallel

straight lines representing the various variables. BY
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laying a ruler across successive triplets of lines such

that two lines are intersected at known values, it is
possible to determiné the value of the unknown variable.
This in itself is a valuable and flexible tool since it can
deal with a large number of functional relationships, but
still more covenient to use are the non-linear nomograms
which later developed. These can be derived to suit a
large number of different problems, for instance to
calculate the H.P. of a petrol engine given the bore, stroke
and speed. (This example and many others are given by

31

Hewes & Seward ) A further advantage of these nomograms

is that they can be used in reverse to calculate (say) the

32 gives a

speed at which a given H.P. is attained. Allcock
detailed descfiption of the theory and derivation of various
classes of nomogram. However, it would seem that the value
of nomograms in engineering design was never fully exploited
and nowadays the technique seems to have been superseded, in
the texts at least, by interest in computer techniques.
Perhaps before long we will be usiﬁg computer produced
nomograms .

In 1974 Martin 33 revived some of the interest in design
charts by describing two methods closely related to
nomograms. These are the sloping grid technique, and slide
charts. An example of a simple slide chart used in journal
bearing design is given by Martin'a4

But Cuthbertson 35 suggests probably the most serious
shortcoming of all such design charts when he says "Few of

them are accurate or detailed enough 1O yield a complete

design because of the 1limit to the number of variables which

can be handled on two-dimensional graph paper.” Nevertheless
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the clarity of many design charts, and their ease of use is
a tribute to their designers who must have made every effort
to decide what the user wanted to know, and what he was
likely to know already. This kind of designer orientated
approach should be considered for all design aids.

A.3.3. Performance charts, feasibility charts énd linear
programming

Moving on to different kinds of charts, performance
charts are widely used. As described earlier, generally
speaking the main performance criteria are plotted against
a controlled variable. (e.g. torque and power against
speed for an engine). This will often allow optimisation
with respect to certain parameters to give a best overall
performance, or it may indicate ways in which the design
might be, or might need to be improved.

Feasibility charts are also very useful when it comes
to optimisation, or even just satisfaction. The aim is to
represent the range of feasible designs allowable to the
designer. An example of this technique in the design of
electrical machinery is given by Godwin 36 (fig A.2). In
addition to enabling a feasible design to be chosen, the
chart also shows the designer which constraint is limiting
his design choice and allows him to examine this constraint
to see whether re-design or new technology can shift it
back, so producing a larger feasible design area. Often to

optimise the design for one criteria, it is desirable to

design close to a particular boundary or at a corner of the

feasible area. In this case only these restricting

boundaries need be examined.
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One technique in which the use of’thé feasible region

technique is inherent is linear programming. Nowadays this

method is usually undertaken by computer;
37

However,

D.J. Leech gives a good description of the bgsic

principles, taking the example of real two parameter
optimisation problems subject to constraints andAa criterion
function to be optimised. This acts as a very good
introduction to the subject, and also explains more clearly
some of the ideas behind the feasible region technique. In
its own right, the two parameter case has many uses in real
design problems. The application of computer techniques can
allow more general optimisations in "n-dimensional'' space.

So we have discussed some of the design charts that may
be used. Other such aids; space diagrams; circuit diagrams,
flow charts, are also very useful in planning, preparation
or analysis. Probably these fall into a category somewhere
between mental and physical aids,and are generally aids to
conception. The possible uses of these are naturally very
diverse and depend on the nature of the problem. Once the
problem has been stated, many situations in which these
charts would be beneficial will arise.

In this section then, we have essentially discussed

paper models of one sort or another. In the next section

we go on to discuss other kinds of models which might be
used.

A.4. Models.

In design work it 1s invariably possible to obtain

more information relevant tO a,particular problem provided

s:
one is willing and able tO expend the necessary resource

i wa
time, manpower, and money. The Use of models is one way
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in which this information can be obtained, but it requires a
great deal of skill to decide on the necessary complexity
for the proposed model. Finding the right balance between
resource expenditure and quality of results can be a

§ .
difficult business.

"The art of model making', say Beakley and Chilton 38
nconsists in selecting the most appropriate degree of
simplification and in assessing the importance of the effects

that have been neglected in making the assumption.

The subject of modelling is very diverse. At one
extreme we have physical models often preferred by the
practical designer. At the other extreme are the purely
mathematical models. Here we shall distinguish between
three basic types; these are mathematical, analogue, and
physical. ~All three types have a wide range of application
throughout the design process, and it is essential that all
three approaches are considered if the best use is to be
made of the available resources.

To give a clear comparison of these three types of
model, we will now discuss each in detail.

A.4.1. Physical models

The physical model may pe scaled up or down from the

real product, it may be made of a different material; often

both of these are true. Visually, however, it will be

geometrically similar to the full size product.

Y

Scaled up models can be used to magnify effects so

that they may be seen more clearly. Scaled down models can

often reduce costs and make experiment more practical. Wind

tunnel models and ship models fall into the latter category.

It is often desirable to Uuse€ different materials with
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Specific properties. The most common~exaﬁp1e of this is

perspex which is often used to model steel or other metals

pecause of its photoelastic properties.

The main difficulty in producing physical models is in
making sure that the relevant effects are scaled correctly.
Here the method of dimensional analysis is useful as it
21lows the relevant parameters to be grouped for scaling.
Thus, in the field of fluid mechanics; 1f viscous effects
cannot be neglected, we have to ensure that the Reynolds
number is the same for the model and prototype; if surface
effects are important we have to consider the Froude number,
and so on.

A problem arises when we need to model several effects
simultaneously, and then we often find that even with a
change of material, it is impossible to obtain the
necessary correspondence between the model and prototype.

Despite these restrictions, the use of physical models
can be very rewarding, especially when the behaviour of the
design is known to be dominated by one or two effects.

A.4.2. Analogue models

Analogue modelling depends on the similarities of

different natural phenomena. FOT instance, the similarity

of the equations governing magnetism, electric field theory,

and fluid mechanics. Indeed, without too much difficulty

it is possible to see analogies between all fields of

physics and engineering, and it often happens that the

designer has been thinking analogously about a problem

before the formal model is devised.

Most of us have a preference for certain disciplines

in engineering, and so analogue models can, for example,
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‘help the electrical engineer to picture streamlines and

pressure potentials. Additionally the conversion process

associated with thiéanalogousthinking may stimulate new
approaches to the problem so that mathematical and physical
models pertinent to one dicipline might be used to solve
problems 1in others.

Probably the most popular use of analogue modelling is
made possible by the analogue computer. Here the electric
potentials (at various points in a circuit of operational
amplifiers, capacitors, and resistances) represent the
variables in differential equations. Since most physical
1aws can be stated in the form of differential equations,
analogue computing provides a quick and efficient way of
representing the pehaviour of systems subject to these
physical laws. This method also has the advantage that
parameters (such as stiffnesses, natural frequencies and
time constants in a mechanical system) can be altered rapidly,
and so the behaviour of the system can Dbe investigated under
different conditions.

Analogue computing 1is generally used to model dynamic
or transient effects. However, with a little forethought
the methods can be applied more diversely.

A.4.3. Mathematical models.

Mathematical models are those in which the product to

be simulated is represented by a set of equations which

purport to predict the behaviour of that product. Usually

the equations used are pased on the laws of physics and 11

may often be necessary to satisfy a number of equations in

order to obtain a solution to the problem. Naturally, 1t

is desirable that the equations are of a simple form SO
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that by substituting values for the knéwn;vériables the

anknown variables might be calculated directly. Unfortunately

such is the complexity of most problems that this cannot be
schieved. To obtain the required information it may be
necessary to solve several equations simultaneo;sly. In
some cases the form of an equation may be such fhat it
cannot be solved directly and a trial and error method will
be necessary.

It is in these circumstances that the value of a
digital computer pecomes apparent. Since these allow
arithmetic to be performed very rapidly, the iteration
necessary to solve the mathematical equations will take very
1ittle time. The designer can then treat the mathematical,
or computer model (as it should now be called) as a black
box which accepts the conditions imposed by the designer and
calculates the consequences. In this respect the computer 1is

in fact behaving like a physical model.

Let us consider a mathematical model for a journal

bearing.
Equations representing the load carrying capacity, the

heat generation rate, and the fluid flow rate will have tO

be solved. These will be coupled by virtue of their effects

and dependence on bearing attitude and fluid viscosities.

Hence an iterative approach will be necessary. However, it

will be possible to arrange the computer model SO that it

accepts the bearing load, speed and unit properties and

predicts the eccetricity, clearance, and running temperature

i.e. to perform any jteration necessary to the desired

solution form internally.

An extra advantage of the mathematical model is that it




allows us to discover the values of parameters which would
pe very difficult to measure on a physical model, for
example, internal clearances on a machine.

As with the other classes of model, mathematical
models are only as good as the assumptions behind them.

If inadequate equations are used, then the results too must
be inadequate.

Here then we have discussed the ways in which models
might be used in the design process. For a further
comparison of the different types, the reader is referred
to Gregory 39,

A.5. Experiment.

Having just discussed various models, it is probably
the right time to mention experimentation, (which usually
concerns, if you like, fullsize physical models). Firth 40
feels that there is a tendency to overplay mathematical
theory and disregard data giving situationsr One reason
for this situation may be the assumption that, once a full
size prototype has been manufactured and is ready for
testing, then the design phase 1is complete. In the
narrowest sense of design, this 1s true, put the following
three points should be remembered: -

(i) It is often possible, and advantageous, to
test components of the proposed final product,
in isolation. This will not only give extra

information about the component, but might

also have implications for the product as a

whole. It might, thus, be possible to make

design modifications'before the complete

prototype is built.
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Tests on existing machines in the same. or
related, design families, will often yield

valuable information for new designs For

instance, it might be desirable to drive
"last year's model" until it fails in grder
to decide what changes should be made té this
years model. Alternatively last year's model
might be modified to simulate the proposed
new design in some but not all respects.

(iii) If the new product is to be produced in large
numbers, it will be necessary to carry out
extensive tests not only on the prototype, but
also on samples of each batch. If as a result
of this test experience possible improvements
are uncovered, then this extra information may
benefit later batches. Anyone who has bought
a2 brand new model of a motor car, will
appreciate that much is learnt during the
early life of a product.

It is always important to record all experimental
results, even those that seem anomalous at the time, for
these might add the missing piece to a jigsaw at some
later date.

So far we have considered tests on the components

and on the whole product, but material tests too can be

very important. Naturally, there are tabulated values

for yield strength, Young's modulus,hardness; fatigue

life etc., but it is often erthwhile to repeat these

o e
tests to obtain a realistlc idea of the scatter for th
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particular material batches being used.

Finally, a most useful source of experimental data is
the customer. Différent customers may be using the same
product in different environments, possibly to do different
jobs, and for differing lengths of time. Infor;ation on
the performance of the product under these varidus
conditions may come too late to help that particular
product, but it may certainly be fed back into the store of
knowledge available for future designs.

A.6. Analytical Tools.

In this section we briefly, and superficially, compare
the specific design tools. (A more pertinent comparison
for the company is given in Part II of this thesis, as part
of the Central Design System development). These tools
include design manuals and charts (which have been described
earlier), the numerous types of desk top and hand calculators,
and the use of computers.

Naturally, the kind of tool required 1is dependent on
the nature of the design problems, that is, their complexity
and size, and the degree of inter-dependency of the composite
facets. However, here we will attempt to compare, in

general terms, the use of the various tools.

41
In an earlier report by the author each of the tools

mentioned above was considered 2as the basis for a design

procedure. It was found that it was invariably necessaly

to use two or more tool categories 1in conjunction to obtain

a satisfactory solution. For instance, if the design

i ts, often
procedures were represented by 2 series of charts,

arithmetic manipulation would be necessary, petween the

ce a
charts, or to obtain more accurate results once
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speculative solution had been found.
Usually the manual - chart - calculator combination

constitutes an analysis approach to design. The addition of

a programmable calculator is certainly beneficial when the
4
analysis involves long, repetitive calculations, but

nonetheless,with this kind of an approach, the structuring

planning and ordering of the design procedures is usually
left to the designer.

On the other hand, the use of advanced programmable
calculators and computers is often indicative of a ""design
by synthesis" approach. In this situation, not only the
analysis, but also some degree of the procedural planning
is performed by the machine. At the simplest level this
might involve the machine systematically pursuing an
iterative procedure until an equation is solved. This
class of tool is characterised by the capacity to cope with
logical, and calculation cohtrol functions, normally by
means of "IF", "DO", and "GO TO'" statements.

If the synthesis approach to design is favoured, it

is necessary to decide between the alternatives of desk top

2 .
calculator and computer. Mandeno compares the respective

benefits of these alternatives and comments that the choice

will depend on the size of the design office. It is also

worth considering the extra effort involved in installing,

programming, and operating 2 small computer. For any

particular company, the pro's and con's have to be carefully

i i si instance
investigated before a decision can be made. For in ,

i : or
in some cases it may be possible to use 2 small computer f

two or more separate tasks, (perhaps design work, data

logging, simulation etc.) and obviously this will present




an economic advantage in favour of the computer

A18

In the general category of computers, we should also
consider the possibility of remote access bureau services
such as the C.A.D.C. Cambridge. This takes us into the
vast field of computer aided design%aand is beyond the
scope of this appendix. |

However, it is important to keep an open mind on the
use of the different tools discussed. The most effective
C.A.D. system might well involve additional side calculations
to be performed by the designer, and it might well simply
produce design charts. It is worthwhile remembering this

before trying to design a C.A.D. system that does everything.
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APPENDIX B

SUGGESTED DESIGN MANUAL ENTRIES
(style proposed for a new design manual)

g.1. Dossible extracts from an improved design manual

|

[

Example 1:

piston neck design

swash angle

™
1

p = operating pressure

Strength criterion: The maximum stress in the neck 1is

limited to a fraction 1 of the fatigue limit, (of)-

n
n = load factor

2
Max. and min. stresses in neck are - QEB + 8d°plyTan B

e

2
d 3
n dn
Direct Bending
stress stress
2 f (B.1)
<g> 1+ 8 1, Tan 8 (lﬂ.—
— n P
d, dy

is the strength criteria governing the neck diameter.

(Note: For any particular pump t

is immediately known).

he R.H.S. of the equation



, h = i
(For the case of o 45,000 P.s.1., p = 5,000 p.s.i.
- o
B.= 15 i& =5 n =1
d
n

]
this equation reduces to the form: 2>
rm: (d_/d)* .26

However, the equation is very sensitive to changes in B and

1,/d, and you are therefore recommended to leave the equation

in its general form).
Geometric criterion: [There would then be another equation
setting out the geometric limitations on the neck design.]

Example 2:

Piston overhang

N ? pw d2

b 42 S ‘zrziéf//’//4 cos B

T

Strength criterion: The maximum longitudinal stress in the

di = Internal diameter of piston

piston (which occurs at point Q) is limited to a fraction

Ll of the fatigue limit (cf).
n

3
Max. and min. stresses at Q = p + 8 p 1, d” Tan 8

4 4
@ - a;M

direct bending

(It is worth remembering that an analysis of the hoop,

radial, and longitudinal stresses will already have given

R



S

you a value of di/d which satisfies a strength criterion and

also possibly a weight criterion i.e. weight as low as

possible).
[}
Ei. E§ 1l + 8 Tan B8 (lo/d) (B.2)
1+ (d4)¢
np —
d

is the strength criterion governing the piston overhang

(i.e. a relationship between B and lo).

d
Geometric criterion: [Again there will be at least one

other limitation relating lo/d geometrically to (say)

D, B, and slipper dimensions.]

d

B.2. Use of design charts

B.2.1. Nomograms

Example 1: Piston neck design

In section B.1 the strength criterion affecting the piston

neck design was presented.
Zt
p

This equation is represented by fig B.1 as a collinear
nomogram. The values of the five variables are set out on
collinear axes. For any given value of four of them, the

corresponding value of the fifth can be found by constructing

a series of straight lines between the known values.

bl

d_.
n

’ s o)
Thus if g, ln p and Jg were specified as 157, .28
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T,

5000 p.s.i., 24,000 p.s.i.

, the maximum permissable value

of d would be 1.7.

dn

Alternatively the equation above can be re-written:

3
(dn) - (p) | d - 8(1) (Tan 8) p =0

e —

()3 Ot d d 9

in which case the equation can be solved for (dn), given

d
the other variable values, using the cubic nomogram fig B.2.
This form of solution has the advantage that dn only appears
in one function (not in two dependent function dn’ ln as in

d d
n

the first case).
(To use the cubic nomogram to solve for dn construct a

d

straight line between the points (p) on the p scale and
(o)

8 (p) (1)) Tan 8 on the g scale. The value of d can then

paR—
ettt

Of d d
be read off the z scale.
Notice that the two nomograms drawn are completely general
in that they do not refer to one single size pump or swash
angle, but to any piston geometry having the general layout

shown in section B.1.
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Example 2: Flow rate calculation

Figure B.3 is included to give another example of the kind

of nomogram that might aid pump design. The equation

Q =1 d D Tan (B8.) np can be simply evaluated by

arithmetic and it is unlikely the fig B.3 in its present
form would be very useful. However, by first juggling with
the functions, it is possible that a similar nomogram might
be useful in the initial stages of the pump design. (For
instance one might simply draw a line on the d - D grid
representing the minimum value of D/d allowable, thus

limiting the designeré choice).

B.2.2. Design compatibility charts

This is a method of identifying the limiting criterion
associated with any design decision. Consider for example
the choice of the ratio d/D. We shall consider for the
moment only three governing criteria (there are more, but

we shall neglect these to simplify the chart).

(1) Slipper spacing. We can write this as:
= i - kd (B.3)
6o =D sln<\360,> .
2
"p

where Gé is the slipper spacing and kdp
is the slipper base diameter assumed to
be proportional to the bore in this

example. This criterion is represented
by a horizontal line in fig B.4 (which

is drawn for k = 1.3, és/dp = ,085 =~ 0.




PISTON
BORE

d
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\l ) FIO¥
O ©  CAPACITYQ

cap

PISTON
NUMBER

Op

FIG. B.3 Sliding chart nomogram for flow capacity
calculation
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(iii)

Bore separation.

by the radial stress between the bores.
Applying the thick cylinder approximation to
the region around the bores and substituting
boundary conditions we have:

_ 2 2
Tmax ~ P (87 + d4_“) where S is the

2

G

p

separation of the bore centres,

p = operating pressure.

The above equation can be re-written
d. = Sin (360)
B —

D p

(where o is the maximum allowable value
of stress in the material). This is again

a horizontal line on the fig B.4 (N.B. The

important consideration of centrifugal stresses

is omitted in this simple example).

By plotting these lines we immediately see
that for the chosen values of O k etc.,
slipper spacing is the limiting criterion.
Flow capacity. On the graph we can now plot
equation B.3 for various values of np and
also represent the limits set by the flow
capacity. Having done this a series of
"optimum" designs appears at the inter-

section of the two sets of lines. These

optimums can be compared in the light of the

The bore Seéparation is limited



§

respective values they yield for g and d .
Notice that the final nomogram given in sSection B.2.1 of
this appendix could also be used as a design compatibility
chart by constructing a series of lines representing the

limiting d:D ratios for particular values of n_.

Using this

nomogram , less arithmetic would be needed than with fig B.4.
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APPENDIX C

LISTINGS OF C.A.D.S. DESIGN RUNS

Design Feasibility programme
Basic Design programme
Journal Bearing Design

package

Cylinder Block Flexibility
package

Performance programme

(Underlining indicates a response from the designer.)

FESPRO

DESPRO

BEARIN

FLEXIB

PERPRO




RUN /FESFRO

AXTAL FISTON FUMP DESIGN FROGRAMME
STAGEY

wouLn YOU LIKE A DESCRIFPTION OF THE FROGRAMME?

THIS FPROGRAMME CALCULATES THE FOWERy TORQUE
AND MINIMUM DRIVE SHAFT DIAMETER FOR THE FUMF REING DESIGNED.
IT ALSO PRESENTS THE RESTRAINTS IMFOSEX ON THE DESIGN BY THE
FOLLOWING CRITERIAI-
SLIFFER SEFARATION
HEAD LOSS AT THE CYLINDER SLOTS
STRESSES IN THE FISTON NECK
SUFFICIENTLY THICK JOURNALS
SUFFICIENT RORE AND SLOT SEFARATION
SUFFICIENTLY THICK ROTOR INSIDE WALLS
THESE RESTRAINTS ARE FPRESENTED ON A FEASIELE DESIGN CHART
WHICH IS CONSTRUCTED AT THE START OF THE FROGRAMME
TO DRIVE THIS THE FOLLOWING AFFLIES!-
Y=YESy N=NO oy H=HELF!
FRESS RETURN AFTER EACH ENTRANT
TO CANCEL A CHARACTER FRESS RUEROUT
TO CANCEFL A LINE FPRESS LINE FEED

FRESS 1 7O CONTINUE 1

FLEASE CHOOSE A TITLE FOR THE FUMP FILET EXAMFPLE
WHAT UNITS D0 YOU WISH TO USET
0=IMFERIAL.

1=METRIC
CHOICET® O




L

NO .

LEASE TYFE THE FOLLOWING

NUMEBER OF FISTONS?
FILLOW CAFACITY CIR?
FUMF
OFERATING FRESSURE pFSI7?
EOOST FRESSURE FSI?

FUMP SPEED

OFERATING FRESSURE

GO0ST FRESSURE

FUMF FOWER
wouLn

15

CALCULATION OF MINIMUM

IS

YOU LIKE TO KNOW THE TORQUE?

OF FISTONS
FLOW CAFACITY

SFEED  RFM?

it

?.000
2+000
2500.000
5000.,000
200,000

oo

i

IS THIS

151,515 H.F.

THERE ANY EXTRA TORQUE?

AN

(o

|

l"

waprd
(@ 4]
SIS
SHO

rJ
<
<

CORRECT®

SHAFT LDIAMETER Xki0kX

FILEASE ENTER THE FOLLOWING:-
AFFROXIMATE STRESS CONCENTRATION FACTORY

DESIRED LOAD FACTORT

STREGS CONCENTRATION FACTOR =
RESTRED LOAD FACTOR =

i
1

b

4

-
J

G

EASE CHOOSE

= ENS
= EN19
EN 24
EN2S

"
H

o= N2 4
6 iz

e
S

ALUMINIUM
IRON

CHOICE®

A

j 04

18 THIS CORRECT?

MATERIAL?

1.50000
2,00000

HEN

N



ONDITION?

LI L

1

CONI
1=T
2=V
3=X 1

MINIMUM SHAFT NIAMETER =

= 0.85301 INS
00 YOU WISH TO CHOOSE A SHAFT? ‘
BEY
PLEASE ENTER THE FOLLOWING!-
CHOSEN SHAFT UIAMETER  ING? 875
GTRESS CONCN FACTOR FOR THIS SHAFT?I.S
THE LOAD FACTOR FOR THIS SHAFT = 2,15975
ARE YOU HAFFY WITH THIS SHAFT?
BEY
00 YOU WISH TO SPECIFY THE GRAFH LIMITS?
FEY
FLEASE ENTER THE FOLLOWING VALUES IN INCHES:- -
LOWEST VALUE OF FCD 7 2.0
MIGHEST VALUE OF FCDI 7 8.0
LOWEST VALUE OF BRORE 7% .3
HIGHEST VALUE OF BRORE 7 1.9
CHOOSE DIVISIONS?
FEN

»* Feasible-Design chart displayed **
(See fig. C.la)

WHICH DESIGN RESTRAINT WOULD YOU LIKE TO FLOT?
1=8LIFFER SEFARATION RESTRAINT |
2=CYLINDER SLOT HEAD 0SS RESTRAINT
T=NECK STRESS RESTRAINT -

= JOURNAL GEOMETRY RESTRAINTS _
guégg;Ngbnh;LoT SEFARATION RESTRAINTS
CeROTOR INGIDE WALL THICKNESS RESTRAINT
PP HELF |

e e e e e

CHOICE? s

** Feasible Design chart displayed **
(See fig. C.1lb)
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WHICH DESIGN RESTRAINT WouLDn
1=SLIFFER SEFARATI
2=CYLINDER SLOT HE
3=NECK STRESS REST
4=JOURNAL GEOMETRY
o=RORE aND SLOT SE
5=ROTOR INSIDE WAL

YOU LIKE TO FLOT?
ON RESTRAINT
Al LOSS RESTRAINT
RAINT
RESTRAINTS
FARATION RESTRAINTS
L THICKNESS RESTRAINT

9P9=HELF |
CHOICGE? 2

CYLINDER SLOT HEAD L0OSS REST
FLEASE ENTER THE FOLLOWING

CYLINDER SLOT

FLEASE CHOOSE A MATERIAL:
= ENY

2= EN1¢

3= EN 24

Q= ENED

= EN26

S ALUMINIUM

7= TRON

CHOICE™ 1
CONDITION:
=N

2
3=R 1

COMEBINED LAND WIDTH/ WIDTH

CBORLE FCO-SLOT PCLI/RORE =

LO YOU WISH TO ALTER TH

RAINT  3CKEKRKCRK KK

¢ .-
+

ANGLE? 30

RETWEEN LaNDS 7 1

0,30000

167

WHAT IS THE TOLERARLE HEAIlN LOSS

AT TINLET  PSHI? 19

I()




C6

OIL TO RE USED

FLEASE CHOOSE AN OIL FROM THE FOLLOWING LIST!
1=TELLUS 15
2=TELLUS 27
I=TELLUS 41
4=TELLUS 72

CHOICE NO.7?

1]

*¥* Feasible Design chart displayed **
(See fig. C.lc)

WHICH DESIGN RESTRAINT WOULD YOU LIKE TO FLOT?
1=6LIFFER SEFARATION RESTRAINT
2=CYLINDER SLOT HEAD LOSS RESTRAINT
3=HECK STRESS RESTRAINT
4=JOURNAL GEOMETRY RESTRAINTS
S=RORE aAND SLOT SEFARATION RESTRAINTS
E=ROTOR INSIDE WALL THICKNESS RESTRAINT

PPP=HELF!

CHOICE™ 3

MAXTMUM NECK STRESS RESTRAINT SK¥COKICHOKKOKKK

FLEASE TYFE THE FOLLOWING: -
SLIFFER ROLLOVER LDEGREES? 13

FLEASE CHOOSE A MATERIAL?
1= EN8
J= ENL?

J= N 24

4= EN2S
S= EN26
6= ALUMINIUM
7= TRON

CHOICE? 1
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CONDITION!
1=N

2=Q

3=R 2

** Feasible

WHICH DESIGN RESTRAI
1=85LIFFER
2=CYLINDER
3=NECK S&TR
4=JOURNAL.
S=RORE AND
&=ROTOR IN

GRO=HELF !

CHOIC

AO0URNAL GEOMETRY RES
FOR THE ROTOR E

EARLIER YOU SFECIFIE
10 YOU WISH 70 ALTER

WHICH JOURNAL WOUL.D
O=NEITHER
1=5WAEH EN
2=F0RT Fl.A

SWAGH END
FLEASE CHOOSE S
O=NOR

1=WETD

*%* Fegsible

Design chart displayed **
(See fig C.14d)

NT WOULD YOU LIKE TO FLOTT
SEFARATION RESTRAINT

SLOT HEAD LOSS RESTRAINT

ESS RESTRAINT

GEOMETRY RESTRAINTS

SLOT SEFARATION RESTRAINTS
SIDE WALL THICKNESS RESTRAINT

E? 4

TRAINTS
LOCK

O COMEBINED LAND WIDTH/INTER-LAND
THIS?

YOU LIKE TO CONSIDER FIRSTT?
RESTRAINT

I JOURNAL

TE END JOURNAL 1

JOURNAL. RESTRAINT
WASH ARRANGEMENT & -
MAL SWIVEL HMECHAMIGH
GE TYFE MECHANIGM
CHOICE? 0

Design chart displayed **

WIDTH

as 1.,

BN
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WHICH JOURNAL WOULD YOU LIKE TO CONSIDER FIRST?
O=NEITHER RESTRAINT
1=5WAGH ENI JOURNAL
2=FORT FLATE END JOURNAL 2

FORT FLATE ENDI JOURNAL RESTRAINT !

** Feasible Design chart displayed **

WHICH JOURNAL WOULD YOU LIKE TO CONSIDER FIRST?
O=NEITHER RESTRAINT
1=8WASH ENDI' JOURNAL
2=F0OKT FLATE ENDI JOURNAL 0

JOURNAL RESTRAINTS FLOTTED

WHICH DESIGN RESTRAINT WOULI' YOU LIKE TO FLOT?
I=SLIFFER SEFARATION RESTRAINT
2=CYLINDER SLOT HEAD LOSS RESTRAINT
3=NECK STRESS RESTRAINT
A4=JOURNAL GEOMETRY RESTRAINTS
S=RORE AND SLOT SEFARATION RESTRAINTS
H=ROTOR INSIDE WALL THICKNESS RESTRAINT

PR9=HELF!

CHOTCE? 5

BORE SEFARATION RESTRATINTSXKIOK KKK
FOR THE ROTOR RLOCK

WHAT IS THE DESIREDR LOADL FACTOR
FOR THE RORE SEFARATION CALCULATIONS? 2.0

*% Feasible Design chart displayed **




WHICH DESIGN REST

CS

RAINT WOULL YOU LIKE TO FLOT?

1=8LIFFER SEFARATION RESTRAINT

2=CYLIN
3=NECK
4=_JOURN
S=RORE
6=ROTOR
PP9=HELF!

CH

ROTOR INSILE WALL

FOR THE ROTOR

WHAT IS THE
FOR THE ROTO

DER SLOT HEAD LOSS RESTRAINT

STRESS RESTRAINT

Al GEOMETRY RESTRAINTS

AND GLOT SEFARATION RESTRAINTS
INSIDE WALL THICKNESS RESTRAINT !

OICE? &

THICKNESS RESTRATINTORKOCKKOKKK
EL.OCK

DESIRED LOAD FACTOR
FOINGIDE WALL STRESS CALCULATIONS?

*¥* Feasible Design chart displayed **

WHICH DESIGN REST
1=5LIFF
2=CYLIN
3=NECK
4= JOURN
o=ROKE
S=ROTOR

FIP=HELF!

CH

PLEASE ENTER ONE

WISH TO
WISH TO
WISH T0O
WISH TO

H

ti

i

E~NN S RN SR I
[TINE FI
Lo o I ot I

CH

RAINT WOULD YOU LIKE TO FLOT?

ER SEFARATION RESTRAINT

DER SLOT HEAD L0OSS RESTRAINT

STRESS RESTRAINT

AL GEOMETRY RESTRAINTS

ANIE SLOT SEFARATION RESTRAINTS
INSTIDE WALL THICKNESS RESTRAINT

QICE™ Y99

OF THE FOLLOWING:-~

ADANLION THE FROGRAMME
RE-COMMENCE THE FROGRAMME
REGIN STAGE TWO OF THE LESIGN
ALTER THE CHART SIZE

OICE? 3

2.0




Cl0

FLEASE TYPE:- _
CHOSEN SWASH ANGLE 15
CHOSEN FISTON F.C.I. INS? 4,0

o
J

CHOSEN FISTON EBORE INS? 8778

€]

THIS CORRES FONIS TO A FLOW CAFACITY OF

IS THIS OK?

un
8}
~d

ANGLE SURTENDED BY RORE = 2
IS THIS OK?

READY FOR STAGE  2¥000K0K K KKK KKK KKK KOk
$

[}

5.800.

CIR

EEY



Cll

RUN /LESFRO

AXIAL FISTON FUMFP DESIGN FROGRAMME
STAGE 2

WHICH DESIGN FILE DO YOU WISH TO USE? EXAMFLE
THE DESIGN THAT YOU HAVE CHOSEN FROM STAGE ONE IS:
FISTON NUMRER= ?.00000
FISTON FCOCINS)= 4.00000 7
FISTON BORE(CING)= 0.87500 7

SWASH ANGLE= 15.00000 7

THIS CORRES FONDS TO A FLOW CAFACITY OF 3.8000

DO YOU WISH TO CONTINUE?

FISTON GEOMETRY XXX KX

FISTON LENGTH= 2.392059 INS
HORE LENGTH= 2.61926 ING
UNSUFFORTED LENGTH= 0.90309 INS

BEARING SELECTION! -
WHAT I6 THE BEARING INLET TEMFERATURE? 80

P END JOURNAL EBEARING DESIGN
JOURNAL THICKNESS DECIDELD EY FLEXIRILITY CRITERION

MAXIMUM ALLOWED DIAMETER IS 2.32895 INS
MINIMUM ALLOWED DIAMETER IS 1.29440 INS
FLEASE CHOOSE A NIAMETER 2.

00 YOU WANT TO CALL THE BEARING DESIGN FACKAGE?

CIR

FEN
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SW ENDI JOURNAL EEARING DESIGN
JOURNAL THICKNESS DECIDED RY QUALITY CRITERION
FLEASE CHOOSE SWASH ARRANGEMENT ! -
0=SWIVEL MECHANISM
1=WEDGE TYFE MECHANISM

CHOICE® 0

¢
MAXIMUM ALLOWED UIAMETER IS 2,21044 INS
MINIMUM ALLOWED DIAMETER IS 1.37970 INS

FLEASE CHOOSE A DIAMETER 2.0

00 YQU WANT TO CALL THE EBEARING DESIGN FACKAGE?T

00 YOU WISH TO REFEAT THE EEARING DESIGN SECTIONT

FLEASE TYFED -

LENGTH CHOSEN FOR FF END BEARING? 1.0
LENGTH CHOSEN FOR SW END REARING? 1.0

DIAMETRAL CLEARANCES
FOR FF END EEARING? ,003
FOR SW ENDIN REARING? ,003

FLEASE TYFE S -

M-FACTOR? 1.95

RATIO OF INNER TO OUTER LAND WIDTHS? .95

FORTFLATE GEOMETRY XXX

OUTER ILAND O/R= 2,10498 INS
OUTER LAND T/R= 1.94107 INS
INNER LAND Q/R= 1.62143 INS
INNER LAND I/R= 144657 1INS
FORTFLATE I/R= 1.06000 INS

D0 YU WISH TO CHOOSE THE LAND RADII?
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ROTOR O0/70 CALCULATIONXX
WHAT IS THE DESIRELD LOAL
FOR THIS CALCULATION®?

FACTOR

2.0

WHAT IS THE DESIRED AFFROX RATIO

FADS AREA!TOTAL FISTON AREA
NORMAL VALUE AFFROX 1.0

DEFINED

—_— ¢
ROTOR O/D BY REQIRED FALI AREA

|

RUNNING GEAR

ROTOR

GEOMETRY %Ok XXX
ROTOR

GLOCK I.D.= 0.926250 INS
RLOCK O.D,:= & 80&KINS

i
1

li

e ¥
J e AB\J

I5 THIS OK?

ng you

WANT A ROUGH SKETCH DRAWING?

* %

Sketch of the Pump displayed **
(See fig. 10.6)

ENDT OF STAGE  2%O00K0K50KK0K KK
%
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RUN /REARIN

KIEKKKBEARING DESIGN PACKAGEX¥OKX X
THIS FACKAGE AINS IN THE SELECTION OF RBEARINGS

FLEASE CHOOSE UNITS:-
O=IMFERIAL

1=METRIC

CHOICE®? 0
WHAT IS THE EEARING LOAD? 2000
WHAT I8 THE FUMF SFEED? 2500

BEARING INLET TEMFERATURE?(C) 8

IS THIS CORRECT?

FLEASE CHOOSE AN QIL FROM THE FOLLOWING LIST!
1=TELLUS 15
2=TELLUS 27
3=TELLUS 41
4=TELLUS 72

CHOICE NO.7? 22\\2

SELECT A BEARING DIAMETER?T 2.0

BEARING CALCULATIONS FROCEEDINGX¥iOKX

** Bearing Design chart displayed **
(See fig. 6.5)

0 YOU WISH TO ALTER THE DIAMETER OR CHANGE OIL?

¢
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RUN /FLEXIE

WHAT IS THE DESIGN FILE NAME? EXAMFLE

USE TIMFERIAL UNITS FLEASE.
NO. OF ENDS TO EBE CONSIDERED®?

[t

NO. OF SECTIONS FOR 1ST (FF) END?
NO. OF SECTIONS FOR 2NI (SW) END?

3

LENGTH OF CENTRE SECTION? 3.0

VLOCK FLEXIBILITIES REQUIRED?

ENDN NO. 1
SECT 1 LGTH=1.0 0/D0=2,2 1I1/0=2,0 AFFL LOAD=1000

ENLII NO, 2
SECT 1 LGTH=.7 0/0=2,5 I/0=2,0 AFFL LOAD=0O
SECT 2 LGTH=1,0 0/0=2.2 I1/0=2,0 AFFL LOAD=2000

** Cylinder Block Deflection curve displayed *»*
(See fig. 10.3)

LLAMDAL=  29,470E-09

LLAMDAZ-3=  21,344E~09
$




Cle

RUN /FERFRO

CALCULATION OF FILM THICKNESS ANDI ATTITULE FOR
VALVE FLATES OF AXIAL FISTON FUMFS

FLEASE CHOOSE UNITS -
O=IMFERIAL
1=METRIC G

|

N0 YOU WISH TO RECALCULATE THE FPAD DATAT

HEY
RATIO OF FAD INSIDE TO OUTSIDE RADIUS? .8
NUMBER OF FADS? 18
RATIO OF SLOT ANGLE TO SLOTHFADn ANGLE? 1
U0 YOU WISH TO ALTER THESE VALUES?
FEN

WHICH FILE IO YOU WISH TO USE? EXAMFLE
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FLEASE TYFE THE FOLLOWING:-

FORT FLATE DATAXXIOKX

INNER LAND

INSIDE RALIUS=

OuUTSI

LDE RALNIUS=

OUTER LAND

INSIDE RADIUS=

OQUTSI

DE RAOIUS=

FAD QUTSIDE DIAMETER=:

ANGLE BETWEEN FORTS=

NEW VALUE? 40

FUMF OAT A0k KX

FISTON RORE=

FISTON FCD=

NUMEBER OF FISTONS=

CENTRAL SFRING LOALD=

NEW VALUE?100
COMBINED FLEXIBILITIESHXIKKX
LLAMOAL:= 29.670E-09 7
LLAMDAZR:= 21.3486E-09 7
LLAMOA 3= 21.3486E-09 7

FUMF BEARING DATAXXKXX

ENTER THE FOLLOWING DISTANCES: -
SWe CENTRE TO INSIDE EDNGE SW. BEARING?

SW.

CENTRE

1.62143

1.924107 -

2.10498

2.20806

0.00000

0.87500

4,00000

?.,00000

0.00000

TO INGIDE EDGE FF. BEARING?

EEY

EEY
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SWASH REARING
D IAMETEFR:= 2,00000 7
LENGTH= ' 1.00000 ?
DIAMETRAL CLEARANCE= 0.00300 7

FORT FLATE REARING
HIAMETER= 2.,00000 7
LENGTH= 1.00000 7
UIAMETRAL CLEARANCE= 0.00300 7

L0 YOU WISH TO ALTER THE GEOMETRY?

OFERATING CONDITIONS¥OKK)XX

TYFE OF UNIT:-

0=FUMF
1=HOTOR 7 0
FRESSURE IN TOF FPORTs= 5000
FRESSURE IN EBOTTOM FORT= 200
SWASH ANGLE DEGREES= 15

ROTATIONAL SFEED RFM
~VE FOR ANTICLOCKWISE
+VE FOR CLOCKWISE
LOOKING DOWN ON FORTFLATE? 2500

OIL SELECTIONOKKKX

FLEASE CHOOSE AN OIL FROM THE FOLLOWING LIST:
1=TELLUS 15
2=TELLUS 27
S=TELLUS 41
A=TELLUS 72

CHOICE NO.7? . 2
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EFFECTIVE BEARING TEMFERATURE= 100
EFFECTIVE FADS TEMFERATURE= 100

0 YOU WISH TO ALTER THE OFERATING CONOITIONS?

10 YOU WANT THE RESULTS LISTING(1) OR FLOTTING(O) o

** Performance chart displayed **
(See fig. 6.6)

[0 YOU WANT TO SEE THE CLEARANCES?

FOR WHICH TILT?.7

** Clearances displayed **

CLEARANCES FOR OTHER TILT?
[0 YOU WANT TO SEE THE RESULTS AGAIN?
L0 YOU WISH TO ALTER THE OFERATING CONDITIONST?

3 YOU WISH TO ALTER THE FUMP GEOMETRY?

END OF FPROGRAMME KK 3O KKK K

HEN

hia
o
|z

g
|z

FEN

l

FEN
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APPENDIX D

EXAMPLE OF THE C.A.D.S. USER-~-DOCUMENTATION

C.A.D.S.
COMPUTER AIDED DESIGN SYSTEM

- DESIGNERS REFERENCE GUIDE.

A. Clarke
April 1977
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CONTENTS

Introduction.
The Design System.

. 0.
.0.
3.0. Using the Design Terminal.
.O. Information Retrieval.
.0.

Pump Design.

Appendix A% 1Index of Design System Programmes.
Appendix B* List of CADS reports.

Appendix C%¥ Use of JOBS to Run Programmes.

SUMMARY

This report is intended as a brief guide to the
Computer Aided Design System which is being implemented on
the PDP 11/34 computer. The information given should be
sutficient to enable you to become familiar with the system
and its uses. You may then want to become familiar with
individual programmes before using them in earnest, these
are covered by the separate programme description reports.

Once you are completely familiar with the programmes,
you might wish to explore further possibilities, for
instance, you might wish to write or suggest further
programmes for the system. These situations are naturally
beyond the scope of this report but are covered by other

I.S.V.R. and C.H.L. reports.
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COMPUTER AIDED DESIGN SYSTEM (C.A.D.S.) - DESIGNERS REFERENCE

GUIDE

1.0. INTRODUCTION.

The aim of this-report is to discribe the design system
which is being implemented on the PDP11/34 computer and to
explain its purpose. The report is directed at‘potential
users and clearly shows them how to drive the Syétem.

The programmes described are those to be implemented in
the first stage and are primarily concerned with information
retrieved and pump running gear design. As time goes on,
further programmes will be written into the system.

By and large, the basis for the programmes is established
theory and essentially, the only new aspect is the method of
presentation which is more rapid and systematic. But a
clearer description of the technical aspects is given in the
separate programme descriptions. In this report we will
simply consider the structure of the system and how it should
be used.

Notation:- In order to clarify the examples given in
this report, a simple convention 1is used to depict text which
is displayed on the design terminal.

1) Messages which are displayed by the computer are
underlined.

11i) Square brackets are used to signify that the
designer should type a message or word relevant
to his own needs. e.g. LIST [file name].

1i1) vV denotes a compulsory space.

Other conventions are explained as they arise.

2.0. THE DESIGN SYSTEM.

The computer aided design system is not intended to

automate the design process, but rather to aid the designer




by providing a systematic basis for design and reducing the
effort involved in many of the design calculations.

Needless to say, the programmes cannot take account of
all design considerations, in most cases only the fundamentals
are considered. Therefore, this design system Jan really
only be useful provided that you understand the limitations of
the underlying theory and the way in which the programme uses
this theory. For this reason you are advised to read the
separate programme description before you try to run a
particular programme. (The documentation provided in this
report gives only a brief description of the purpose aof each
programme ).

Sections 4. and 5. of this report deal with the twao
different aspects of the design system. These are information
retrieval and design itself. Although these are described in
separate sections they both form an integral part of the
design system. The general structure of the system is shown
in figure 1).

If you are unfamiliar with the design terminal, then it
will probably be necessary to read section 3 of this report
before using the design terminal.

Once you are familiar with the system, then sections 4.
and 5. will form a useful reference source.

3.0. USING THE DESIGN TERMINAL.

3.1. Communication with the Computer.

The design terminal is the means by which you communicate
with the computer.

If the conversation is under programme control, i.e.if
a programme 1s being run normélly, then the communication is
straightforward. Usually a "?" will signify that you may

reply to the computer.
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Example: -

PLEASE TYPE THE NUMBER OF PISTONS? 9 (R)

Thec:)above shows that the user has pressed the carriage
return key after pressing the number ''9'".

However, in all other circumstances, the computer will
only listen to you if it is waiting for a response from you.
This is signified by a "$" which the computer displays on the
terminal. There are two ways in which such a "$" might appear
on the screen:-

i) When the computer finishes a task, then it
will display a "$".

ii) If youinterrupt the computer by pressing the
"BREAK" key, then computation will immediately
cease and a "$" will be displayed.

Once the "$'" has been displayed, then the computer will
wait for you to type a further command.

Thus, the "BREAK' key gives you basic control of the
computer. You can use it in conjunction with the other commands
described in the next sections to achieve a number of objectives.

The symbol will be used to signify the "BREAK'" key.

3.2. Beginning a Design Session.

Before you can begin a design session, you must first
introduce yourself to the computer by '"logging in'.
To do this you should follow the following sequence: -
@E) First press the "BREAK" key to
obtain the "§"
$ USE (R Next type USE followed by

"carriage return'.

IDENTIFICATION NO? [Code No.] You must then enter your code

number and again press

"carriage return'.
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(You will be given a code number before you first use the
éystem).

If the response !"ALREADY IN USE'" is displayed by the
computer then it means that the terminal is already being used
(or that the previous user has forgotten to term{nate his
session).

Otherwise, the computer will first display any general
information which might be useful to you, followed by the "$'".
You may then continue with your next instruction.

3.3. Correcting Typing Errors.

Pressing the ''carriage return'" key tells the computer
that you have finished typing your instruction. Thus, you may
correct a line of text that you have typed provided you have
not pressed the '"carriage return"'" key. (If you have pressed
this key, the computer will have already received your
incorrect instruction).

Provided you have not pressed ''carriage return',6 the
following two methods of correction are available: -

1) Press "RUBOUT" to backspace one character.
This will be displayed on the screen as "\ ".
Example: -

$ UBEN\SE ‘I’
The message USE will be sent to the computer.
ii) Press "LINE FEED" to cancel the whole of the
present line. The line can then be completely
re-typed.

Example: -

$ OSE @
USE @

The message USE will be sent to the computer.




3.4. Basic Commands.

The following commands are those which you are most likely

to need when using the design system. They may only be issued
once the $ has been displayed:-
i) ABORT. This is used in conjunction wi%h the

"BREAK" key in order to abort a programme which

is currently running. This might be useful if

you feel that you are making no progress with

a programme and you wish to terminate it

immediately. However, if this method of

termination is used, the programme will have

to be re-run from the beginning.

Example: -

$ ABORT

ol ii) HELP. This command runs the programme '"HELP"
which 1is intended to help users to understand ]
and use the computer system. The information

which you can obtain using this programme is

almost identical to that presented in the
I.S.V.R.* report.
The programme can be used as a reference source
while you are actually running a programme, when
used in this way, you should follow this
sequence: -

\

$ HELP

* Institute of Sound and Vibration Research.

University of Southampton.
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You will then be given a choice of alternative

forms of help. When you have discovered what

you wanted to know you may press ''carriage
return" to return to your original position in
‘
the programme which you interrupted.
ii) LIST. This command is used for listing files.
Files are used for storing all information in

the computer. The files which will be of most

use to you will be described in the next

section.
Example: -
$ LIST vlfile name}
iv) RUN. This command is used to initiate execution

of a programme or job. The programmes which will
be of most use to you will be described in the
next sections.

Example: -

$ RUN v/[programme name ] <:>

or $§ RUN v [job name}

3.5. Terminating a design session.

At the end of a design session you should '"log out'" so
that other people can then use the design terminal. You may
do this as follows: -

SQUIT

4.0. INFORMATION RETRIEVAL.

The information retrieval system allows you to obtain
information on materials and existing pump designs. Naturally,

such information may also be referenced internally by the

design programmes. However, in this section we will explain

how you can obtain this information directly.
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4.1. Pump Design Information.

Information on each existing design is stored in a design
file. Before information on any pump can be obtained, you
must know this file name. By and large, the file names
directly describe the pump or motor in question é.g.
SIZE1OP.DES is the file name for the Size 10 pumpl However,
to check which is the correct file name you should consult
the designeré index. This index contains the most common
pumps, motors, and transmissions and their file names. In order
to display this index on the design terminal you must list the
appropriate file as follows:-

$ LIST v DESIGNS (»)
_/
where DESIGNS is the file which contains the index of designs.

Once you know the file name, you can obtain the information

by running the "Pump Access Programme' :-
$ RUN v/PAP (g)

You will then be asked to type the pump file name and then
asked to specify what information you wish to see. When you
have seen the relevant information, you may exit from the
programme and return to the "waiting' state, i.e. a "$" will
be displayed.

4.2, Material Information.

You can obtain information on metals and fluids using
the "Metal Properties Access Programme' or the "Fluid
Properties Access Programme'.

You may run these programmes as follows:-

$ RUNV/MPAP <§>
and $ RUNY/FPAP <§>

You will then be able to choose the appropriate metal or

fluid from the list displayed, and then select which properties




you wish to obtain. When you have seen the relevant information,
you may exit from the programme and return to the "waiting"
state.

5.0. PUMP DESIGN.

¢
Pump design is accomplished using a number of programmes.

The main programmes currently available are shown in figure 1i).
Each programme references a pump design file or pump data file.
(Pump data files are those which contain information on
prototype or experimental designs. Unlike the design files
they may be altered by the designer during the course of a
design session. Pump data files are distinguished by the
extension .DAC at the end of the file name. i.e.

SIZE1OP.DES would be a pump design file. SIZE1OP.DAC would

be a pump data file).

Hence, the design programmes may find information on any
chosen design and use this in the design calculations.

The design suite can be split into three stages:-

i) The feasibility analysis.
11) The design stage.

iii) The performance analysis.

If a new model is being designed then these three stages
will be pursued in succession. However, for other applications
it is possible that stage i), ii) or iii) above may be run in
isolation.

These three stages are now described in more detail.

S.1. Stage I: Feasibility Programme (FESPRO).

This programme allows you to assess the feasibility of
satisfying a given design specification. The computer will
display a design chart which shows clearly the effect of a
number of basic constraints on your choice of bore, pitch

circle diameter and swash angle. The programme will also

!
i
1
i
¥
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create a pump data file which you can use later in stage II or
ITI for further design work.
The feasibility programme can be initiated as follows:-
$ RUNV/FESPRO

5.2. Stage II : Design Programme (DESPRO). ‘

This programme allows you to develop the consistent design
which you conceived in stage I. You will be asked to make
sufficient decisions to define the overall layout of the design.
This scheme layout will then be sketched on the design terminal
by the computer.

Next the flexibility of the cylinder block of this design
will be calculated, and finally the design information will be
written out to a pump data file, ready to be used in stage III .

The design programme can be initiated as follows:-

$ RUNV/DESPRO

This design programme consists of a large number of
sections which are executed in succession. Some of these
sections, which deal with specific aspects of pump design
(e.g. Jjournal bearing design, portplate design) are useful in
their own right. They may, for instance, be useful in part
re-design, or modification of existing designs. For this
reason, the design programme has been constructed so that these
sections can be used as stand alone programmes. At the moment ,
three such programmes are available for stand alone use. These
are concerned with journal bearing design, portplate design and

determination of cylinder block flexibilities.

w

.2.1. Bearing design programme.

This programme helps you to choose an adequate bearing
configuration for a pump. Given the operating conditions and

gecometric constraints, the computer will show on a design chart
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which combinations of diametral clearance and L/D ratio will
be acceptable for a chosen 0il and oil inlet temperature.
You may run this stand alone package as follows:- E
$ RUNV/BEARIN |

5.2.2. Portplate Design Package. ¢

In its present form, this programme allows you to
determine the sealing land radii using information on the
total land width required, the ratio of the two land widths,
and the portplate balance factor. At a later date, the
programme will be made more versatile and may sketch a
drawing of the portplate.

You may run this package as follows:-

$ RUNV/PPLATE

5.2.3. Block flexibility package.

You may use this package to estimate the flexibility of
a given pump cylinder block. The flexibilities are
expressed in terms of the angle between the block face and

the normal to the bearing centre line. However, in addition

to these flexibilities (which are required by the stage III

programme ), the programme also draws for you a deflection

curve of the cylinder block centre line. Incidentally,
although produced with cylinder blocks in mind, you can also
use this programme for other components of similar geometries,
for instance, the drive shaft.
This package may be run as follows:-
$ RUNV/FLEXIB

5.3. Stage IIL Pump performance programme. (PERPRO)

This programme predicts the attitude of the cylinder

block relative to the portplate when the specified pump is

running at specified operating conditions. Hence, this
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programme helps you to rapidly assess the effect on pump
performance of slight alterations to pump geometry. The
results are once again displayed on a suitable design chart.
This programme can be initiated as followsi—
.§ RUNV /PERPRO
Notes.

i) It is important to remember that the programmes
described should be used with insight if useful
results are to be obtained. TFor this reason,
it is important that you read the separate programme
descriptions before attempting to run a programme.
These are contained in separate reports. (See
appendix BY.

ii) A useful summary of the programmes in the design

system is given in appendix A%
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LIST OF C.A.D.S. REPORTS.

i) C.A.D.S.
ii) C.A.D.S.
system,

iii) C.A.D.S.

~ Designers reference guide.

- Description of information retr%eval

- Description of Design feasibility

programme.

iv) C.A.D.S.

v) C.A.D.S.

- Description of Design programmes.

- Description of Pump Performance programme.
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APPENDIX C*- USE OF JOBS TO RUN PROGRAMMES.

The programmes described in this report are intended to
be run interactively;, while the programmes are being run,
the maximum time between your pressing the 'carriage
return' key and receiving a response 1is rarely éore than
30 seconds and is usually only a second or soO. HoWever,
depending on how long it takes you to find a suitable
design solution, you might spend up to an hour at the
terminal at a time. In some cases you might be certain
of what replies you will make to most of or all of the
questions. You might even be certain of how many times
and in which order you wish to run various programmes.

In these circumstances the concept of a JOB is
useful. This not only allows you to build the programmes
into a given sequence, but also allows you to anticipate
some or all of the questions.

As the demand arises, 1t 1is possible that certain
"standard" jobs will be written into the system.
Alternatively, you may wish to construct your own. If this
is the case you will find a further description of the job
system in the I.S.V.R. report "A handbook edition of the

programme Help'.
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