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Since the first publication of this book in 2004 there have been significant changes in the
aerospace industry. Very large aircraft such as the A380 are in service and the Boeing 787 will
introduce radical new technological solutions to improve its ‘green’ credentials. Long range,
transpolar operations are common place and there is growing pressure from the environmen-
talist lobby to reduce emissions. Meanwhile passengers are faced with increasing fares and
taxes that could threaten the viability of the aviation industry.

The supply industry has changed, partly as a result of mergers and acquisitions and partly
from a desire of suppliers to acquire a greater share of the business available, altering the
traditional prime contractor/subcontractor relationships. Another factor driving amalgamation
is increased competitiveness in both commercial and military sectors and the aspirations of
the aerospace sectors in the emerging nations such as Brazil, India and China. The dominance
of domestic consumer markets has reduced the power of the aerospace industry to demand
bespoke products in small volumes – a situation which is unlikely to be reversed. Emerging
as a great challenge are unmanned air vehicles, used successfully in military theatres today
but ultimately expected to appear in commercial applications. It is essential to move from
development of vehicles towards developing total systems – the vehicle and the supporting
ground systems – and their certification issues if unmanned air systems are to become as
ubiquitous as manned aircraft are today.

These factors place great emphasis on an understanding of the customer’s requirements and
the implementation of development process that provides a product with technical excellence
whilst meeting cost and schedule targets. This demands a measure of discipline in the design
process to ensure that the requirements are analysed with competence, the design proceeds
in an orderly and consistent fashion towards production and that the product is tested and
certificated as fit for purpose. Of major importance is that the product includes all aspects of
the total system in which it is operated.

The aim of this book is to provide a familiarity with a generic process that can be tailored
to meet the needs of individual projects and to introduce project engineers to the complex
interactions that need to be understood and managed in contemporary projects. The intention,
as with the first edition, is to provide a text that will be of use to practitioners but is also aimed
at students and engineers wishing to enter the aerospace industry, whilst providing those
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system.
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Systems A system embracing a collection of other systems

TAS True airspeed
TAWS Terrain avoidance warning system
TCAS Traffic collision avoidance system
TRR Test readiness review
TRU Transformer rectifier unit
TV Television
Twinax A two wire half duplex data bus connection that allows unidirectional data

transfers (favoured by Boeing)
UAV Unmanned air vehicle
UK United Kingdom
UML Unified modelling language
US, USA United States (of America)
USMS Utility systems management system
UTP Unshielded twisted pair
UV Ultraviolet
VHF Very high frequency
VMS Vehicle management system
VOR VHF omni-range; a commonly used navigation beacon in civil aerospace
VSCF Variable speed constant frequency
WBS Work breakdown structure



1
Introduction

1.1 General

In three companion books in the Aerospace Series – Aircraft Systems [1], Civil Avionic
Systems [2], and Military Avionics [3] the authors described the technical aspect of systems
for military and commercial aircraft use – in essence the engineering of systems and system
products. Other books in the Series have also described the technical aspects of various
systems, for example, fuel systems [4], and display systems [5]. However, we did not dwell
on the mechanism by which such systems are designed and developed, and yet the process
of systems development is a very important aspect that contributes to the consistency, quality
and robustness of design.

The first edition of this book tried to make amends and described the design and development
process and the life cycle of typical aircraft systems. Since its initial publication the material
in the book has been used in a number of postgraduate courses and industrial short courses
for aerospace systems engineers and has been developed to suit the engineering audience in
response to questions received and discussions held during the course delivery.

This second edition is intended to be an introduction to aircraft systems and the systems
development process for students studying systems or aerospace subjects and wishing to enter
the aircraft industry or related industries, and for organisations sponsoring these people. The
content is intended to be of interest to people intending to join or already working in:

� Organisations directly involved in the design, development and manufacture of manned and
unmanned, fixed-wing and rotary-wing aircraft – both military and commercial

� Systems and equipment supply companies involved in providing services, sub-systems,
equipment and components to the manufacturers of aviation products

� Organisations involved in the repair, maintenance and overhaul of aircraft for their own use
or on behalf of commercial or military operators

� Commercial airlines and armed forces operating their own or leased aircraft on a daily basis
� Organisations involved in the training of personnel to work on aircraft

The book is also aimed at educational establishments involved in the teaching of systems
engineering, aerospace engineering or specialist branches of the topic such as avionics or
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Figure 1.1 Stakeholders in the Aviation System.

equipment engineering at high school, university undergraduate or postgraduate level. It is
also aimed at short courses suitable for the professional development of industry professionals
and practitioners.

These are the sort of people who will be found in the broad range of stakeholders in complex
aerospace projects. Figure 1.1 gives an example of the Aviation System and some of the people
and groups affected by the systems or directly affecting the system. This diagram has been
developed to illustrate the stakeholders in the development of an aircraft solution to meet
environmental considerations. A specific project will have its own specific set of stakeholders.

Each of these stakeholders will have a different perspective of the design and development
process and each is capable of exerting an influence on the process. For those directly involved
it is vital that the design process is visible to all parties so that they can coordinate their
contributions for maximum benefit to the project. A clear and well documented process is
essential to allow the stakeholders to visualise the design and development path as a framework
in which to discuss their different perspectives. This can be used to establish boundaries, to
air differences of opinion and to arbitrate on differences of technical, commercial or legal
understanding.

It is worth noting that since the first edition of this book there have been significant changes
in business practice in the aerospace industry. Previously, the development of aircraft had
been mainly in the hands of Prime Contractors appointed by the customer, with a supply
chain competing for individual equipment and components. In modern aircraft development
the first tier suppliers compete at the system level and in many cases the supplier teams work
on-site at the prime contractor’s base. In many cases of international collaboration this usually
means a number of prime contractor partner bases in different countries. In this situation the
supplier and the prime engineering teams develop equipment and component specifications
together as integrated product teams (IPT). The system supplier is now typically responsible for
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system level and component level performance; and in many cases also responsible for direct
maintenance costs associated with their system. This change in business practices demands
that the supplier base becomes ‘systems smart’ and this book should provide a valuable insight
for the business community to fulfil this need effectively [6].

The principles established are equally applicable to other platforms, such as surface and sub-
surface naval vessels, commercial marine vessels and land vehicles. The aerospace industry
is almost unique, given the nature of an aircraft, in having to address high integrity and
availability, weight, volume, power consumption, cost and performance issues. The conflict
of competing system drivers often makes trade-offs more acute when attempting to achieve
the optimum balance of meeting the customer’s requirements and achieving an affordable
product. There are also differences between commercial and military solutions that may
demand a subtly different interpretation of the process and the standards that apply. The
emergence of Unmanned Air Vehicles broadens the system concept to incorporate ground
stations for remotely piloted vehicles. The striving for autonomous unmanned vehicles will
lead to more innovative approaches to design and will require more rigour in the certification
of systems. Nevertheless, the process described in this book should be applicable, albeit with
suitable tailoring.

Although the text is formed around examples that are mainly aeronautical platform based the
reader may also apply them to other high value systems such as ground-based radar, commu-
nications, security systems, maritime and space vehicle based systems, or even manufacturing
or industrial applications.

What makes all these platforms and systems similar is that they are all complex, high value
products comprised of many interacting sub-systems, and they are intended to be used by
a human operator. They also share a common characteristic of having long operational life
cycles, often in excess of 25 years, usually with long gestation and development time-scales,
the need for operator and maintenance training and full-life in-service support. Such time-
scales demand a rigorous, controlled and consistent development process that can be used to
maintain an understanding of the standard or configuration of the platform throughout its life,
in order to support repair, maintenance and update programmes.

1.2 Systems Development

There are many valuable lessons to be learned from the field of Systems Engineering. The
authors believe that much of the theory and practice of Systems Engineering can be applied
to the engineering of hardware and software based systems for use in aircraft. It is a broad
field of practice that covers the behaviour of systems across wide range of subjects including
organisational, operational, political, commercial, economic, human and educational systems.
The concept of Systems and Systems Engineering operates at many different levels in many
different types of organisation. Much of the early analysis of systems behaviour was con-
cerned with organisational or management issues – the so-called ‘soft’ systems. This work
led to an understanding of the interactions of communications, people, processes and flows of
information within complex organisations [7, 8].

An important outcome from this work was the emergence of ‘systems thinking’. This term
encompasses the ability to take a holistic or a total systems view of the development or analysis
of any system. The key to this activity is the ability to take into account all influences or factors
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which may affect the behaviour of a system. This is accomplished by viewing the system as
existing in an environment in which certain factors of importance to the understanding of
the system are present. In this book the concept of a single environment has been extend to
encompass layers or shells of environments that allow people in an organisation to take their
own viewpoint, and to examine aspects of prime importance to themselves. In this way it is
possible to examine a system from the top down and to allow individuals such as politicians,
marketing personnel, accountants, engineers, manufacturing and support staff to critically
examine and develop their own particular requirements.

Another important property of systems is that they can be broken down into sub-systems,
almost indefinitely. Thus Figure 1.2 shows how a system can be considered as a system of
systems which is a grouping of several sub-systems, which may not require detailed definition
at the level at which the system is being examined. The owners of the sub-systems, however,
will regard their sub-system as being the system of prime importance and may choose to
break it down into further sub-systems. This top down sub-division, or decomposition, can
take place from an abstract concept of a system, right down to its hardware and software
components. This hierarchy of systems, in which the top level systems are important and exert
an influence on lower level systems, is the manner in which most complex systems are analysed
and implemented. It is a way in which the key systems and systems architectural principles
stated at the highest levels of system definition are preserved throughout the implementation
and into the product.

For aircraft systems the ultimate and most elemental building blocks for a system are the
components – physical components such as pumps, valves, sensors, effectors, and so on that
determine the hardware characteristics of the system, or alternatively the software applications
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or modules that contribute to the overall system performance. The human, in the form of the
pilot, crew member, passenger or maintainer is also a vital part of the system.

The decision on how far to keep decomposing a system into sub-systems depends on the
complexity of the system and the ability to view the functions and interfaces as a whole. At
some stage it may become necessary to construct a boundary around a system in order to
specify it to an external supplier for further analysis and design. An example of this is the
definition of a sensor sub-system that will be more effectively developed and manufactured
by a specialist supplier.

Such a breakdown of systems into sub-systems, and yet further sub-systems and components
reinforces another important aspect of systems and their interconnections. The outputs from a
system can form inputs to other systems. Indeed a system may produce an output, which is fed
back to its own input as feedback. Feedback loops are not confined to one stage of a system,
feedback may occur over several concatenated or interconnected systems in order to produce
system condition status or stability. Feedback may also be implemented using a data bus and
multiplexed processing units, which means that data latency must be taken into account. To
enable this to happen effectively in a hard system, the system interfaces must be defined to
ensure compatibility – that a system output is accepted and understood as an input so that
it can be acted upon. This requires that interfaces are well defined and rigorously controlled
throughout the development of the system.

It should also be noted that there have been significant changes in the aircraft supplier
industry resulting in mergers and acquisitions leading to large organisations with aspirations
to extend their business to tender for larger systems contracts. The mergers have increased
the capability of suppliers to the extent that this is a feasible and sensible proposition. At the
same time some major prime contractors have focussed their sights on major system of system
management contracts, concentrating their capabilities on management of design, design of
specialist integration tasks, final assembly and qualification of the product.

The ‘top down’ development of individual systems as practised in many line management
organisations is shown in Figure 1.3 at point A.

This is the development path with which most engineers are familiar for all aircraft systems,
avionics systems and mission systems treated as individual systems. However, there is often
a need for something more than this straightforward development route. Point B on the figure
illustrates a case where certain systems are interconnected to form a synergistic integrated
function – in other words a function is performed that is more than the sum of the individual
system functions. An example of such a function is that of guidance and control (G&C)
as an integration of functions of flight control, hydraulics, automatic flight control and fuel
systems, (See Chapter 6 for more detail). Also shown in this diagram is the integration of
communications, navigation and identification (CNI) systems.

Point C in the figure illustrates an alternative view of integration – that of a design aspect
that applies equally to all systems as a common discipline. Examples of this are safety, the
human/machine interface (HMI), electromagnetic health (EMH) or maintainability. These
disciplines are governed centrally, usually by the Chief Engineer’s office, and their impact on
the individual systems will be gathered together to form a statement of design for the complete
product.

The systems concepts described above can be used in aircraft systems engineering. They
can be used to develop, from an understanding of a customer’s top level system requirements,
a particular type of aircraft to perform a specific role and, after several successive analyses,
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Figure 1.3 Some aspects of integration.

or decompositions, can lead to an implementation of a product. The top level system may be
related to a need for National Defence or for a transportation system which can be expressed in
terms of people, communication and processes, and eventually is expressed as a combination
of various hardware products.

Such a top level system is one that is conceived by many customers as representing their
highest level operational need. The role of systems engineering and systems integration is to
ensure that the resulting combination of products can be shown to meet the overall requirements
posed from this top level. The requirements set at the top level must flow down to the lowest
level of product in a clearly traceable and testable manner, so that the integrity – or fitness
for purpose – of the product can be demonstrated to the customer and to regulatory bodies
governing adherence to mandatory national and international regulations.

Systems thinking encompasses a process for the development of a system. This has been
defined by Checkland [7] and is based on a methodology defined by Hall [9] in 1962. Despite
the age of this methodology its roots can be seen in many methods in use today. It is:

� Problem definition – essentially the definition of a need
� Choice of objectives – a definition of physical needs and of the value system within which

they must be met
� Systems synthesis – the creation of possible alternative systems
� Systems analysis – analysis of the hypothetical systems in the light of different interpreta-

tions of the objectives


