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Introduction

Mike has specialised in Flight Simulation for over 40 years, supporting the engineering design and
development of aircraft in BAE SYSTEMS at Warton, including Tornado, Jaguar, EAP, Hawk, Harrier, Nimrod,
Typhoon and more recently the F-35 Joint Strike Fighter and Unmanned Air Systems (UAS) programmes.
In his Technologist role, he is a source of advice and knowledge within BAE Systems on matters relating to
engineering Flight Simulation. He also represents the company on the RAeS Flight Simulation Group
Committee.
As Business Development Manager for Simulation and Training Systems in Engineering Integrated Solutions
(EIS), Mike is responsible for the strategy and future business in the Flight Simulators, Cockpit Development
Rigs and UAS Development Laboratory.
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Definition of Simulators for use in Engineering

The simulators used in an engineering design process are "flown" by test pilots and operational air crew. They
are used in trials and assessments of systems under design, primarily to test, evaluate and optimise those
systems. In many cases these systems are only at the initial design stage.
They are different from pilot training simulators which simulate the performance of existing aircraft which are
already in production and hence contain fully defined aircraft systems. Such simulators are used to train crews
for operational duties.
This lecture concentrated on simulators for the engineering design process.
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Overview of the History of Flight Simulators

Fig. 1 - The Antoinette Learning Barrel Flight Simulator
The French Antionette Learning Barrel Flight Simulator, dating from 1910, is arguably the earliest flight
simulator (Fig. 1 above). The simulator provided an artificail horizon (horizontal bar) and was designed to aid
pilots to learn to fly the Antionette monoplane.
The earliest simulator in common use was the Link Trainer dating from 1929. Its aim was to provide a safe
way to teach new pilots how to fly by instruments. It was widely used up to the 1950s, especially during WWII.
Warton was a US Army Air Force base during WW11 and a Link Trainer was in use at Warton at that time.
The Link Trainer was a generic flight simulator and the first "aircraft specific" trainer was not developed until
1948. Again it was designed for training pilots to fly an operational aircraft.
Much of the early post WWII work with engineering flight simulators was carried out by English Electric,
Warton (now part of BAE Systems), and at RAE, Bedford. Warton acquired its first analogue computer for
flight simulation in 1953. Its main use was in carrying out flutter calculations. Engineering flight simulators
developed rapidly during the 1950s, especially as part of the Lightning fighter aircraft development
programme. This continued in the 1960s with the huge investment in the development of the TSR2 bomber.
These developments included the PACE analogue compute and the Terravision Moving Belt to provide
simulated images of the terrain below an aircraft whilst in flight. The use of such belts continued well into the

1970s although they suffered from the disadvantage that the "gaming area" was limited to the area of ground
modelled on the belt.
One of the main problems with the early engineering simulators was their inability to model changes to a
situation in sufficiently small steps (time intervals). For example, it can be necessary to model the movement
of an undercarriage 1000 times per second. This problem was alleviated in the mid 1970s by the introduction
of digital computers and, in particular, by the DEC PDP-9 Digital Computer with its real-time operating system.
Such computer were admirably suited to handling large aerodynamic datasets.
A later model, the DEC PDP-15 was the first which allowed a full digital simulation. A number of these were
purchased by Warton in the 1970s and used as the basis for the Jaguar Motion Platform Simulator. The
simulations included flight assessments of the Jaguar with a variety of weapon loads. The same computer
was used to model a concept for a fixed wing STOVL aircraft incorporating RB199 engines mounted in tilt
engine nacelles. In the late 1970s the simulations were extended to include a full authority active control
system for Jaguar which necessitated a full flight environment aerodynamic model.
The need for real time short time interval simulations comes with a need to minimise the latency in presenting
data to pilots. The commonly accepted maximum latency in civil pilot training simulators is 100 mS. For
military applications, and hence the engineering simulators used at Warton, this is reduced to 60 mS.
1974 saw the development of the Manoeuvre Attack Simulator (MAS). This was a dome based simulator
which allowed the modelling of air-to-air combats. It incorporated sky and ground simulations with a full
rotational capability as a function of yaw angle and also a separate target projector. During the 1980s, the
MAS were further developed into a Manned Tactical Simulator (MTS) which permitted competitor (i.e. enemy
aircraft) analysis/threat assessment.
More recent work at Warton has included extensive research into cockpit displays, electronic map overlays,
and the colouring of head-down displays. Engineering simulators have been widely used in resolving
problems in these areas. As part of this work the potential for a completely enclosed cockpit was also
assessed, mainly because of the advantages it offers in countering the effects of Directed Energy Weapons
(DEWs).

Fig. 2 - The Typhoon Widescreen Simulator
Other concepts evaluated have included the "widescreen concept" in conjunction with the Experimental
Aircraft Programme (EAP) and, more recently, the Typhoon programme (Fig. 2 above). The essence of this
programme was that it allowed carefree aircraft handling with the aircraft remaining in stable flight irrespective
of the flight demands emanating from the pilot's flight controls.
Warton is also the location of the Typhoon Active Cockpit Rig. This is supported by the 4 nations primarily
involved in the Typhoon programme and is the main simulator for this work within Europe. It is able to provide
full assessments of the effects of proposed design changes assuming a wide variety of operational missions.
Human Factors engineers have used the Warton simulators to collect large quantities of data on pilot
performance under various operational conditions. This has included assessments of issues relating to the
use of helmet mounted displays especially latency and lighting issues.
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Current Work in Progress at BAE Systems, Warton
F-35 Aircraft

It is intended that pilots flying the F-35 aircraft will use a helmet mounted display without any reversionary
head-up display as is the case with the Typhoon aircraft. Problems with the helmet mounted display have
meant that prototype F-35s are flying with a reversionary head-up display. Work is currently in progress at
Warton using a Motion Dome Simulator to assess the operational issues. (Fig. 3 below).

Fig. 3 - BAE Systems Motion Dome Simulator (with simulated F-35 Helmet Mounted Display)
Warton has also devloped a the Motion Dome Simulator to simulate landing the F-35 aircraft on to the Queen
Elizabeth Class aircraft carriers. Initially this work was centred on the F-35B STOVL varient of the aircraft but
has now been switched to the F-35C carrier based conventional take-off and landing varient*. This follows the
decisions made by the UK government in the recent Strategic Defence Review.

Fig. 4 - BAE Systems Motion Dome Simulator (Simulating F-35 on Queen Elizabeth Class Carrier)
The landing simulations have included a Ship Motion Model, an Air Wake Model to simulate the airflows round
the carrier superstructure as function of carrier velocity, a Surge Operation Model and both Parking and Visual
Launch/Landing Aids Models.
The F-35 simulations have assumed even more significance given the UK's lack of recent experience in the
operation of conventional take-off and landing aircraft on carriers and also the realisation that the UK will not
be able to achieve the same manning levels as is normally the case with equivalent US aircraft carriers.
Overall these simulations will significantly reduce the cost of bring the F-35 into service on the UK carriers
especially because of their ability to reduce the need for sea trials and in assessing safety cases.

*This was partly driven by the need to increase the maximum permitted stores carrying capability of the
aircraft when landing on the carrier. The comparatively low carrying capability of the F-35B when landing
could have necessitated jettisoning any expensive stores which had not been used during a mission.
4.2

Unmanned Air Vehicles (UAVs) Simulations

BAE Systems is in the process of developing the Taranis Unmanned Combat Air Vehicle (UCAV). This is due
to undergo both taxiing and flight trials in 2012. Even through Taranis in unmanned, it still needs to be subject
to the same design processes and hence flight simulations.
Today the aim is to take UAVs from the drawing board to flying in under two years. This will lead to even more
simulations. Mantis, a joint UAV project with France, flew just 19 months after it was designed "on the drawing
board". N.B. Because Mantis is entirely European in origin, it will not be subject to the same export control
regulations as occur with equipment of US origin.
4.3

Other Current Simulations

These include:
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•

Air display clearance for many the Typhoon air displays throughout the world;

•

The effects of integrating electro-magnetic sensors on aircraft;

•

Carrier based version of Typhoon (aimed at the Indian Navy).

The Future for Engineering Simulation

Simulation is one of the areas of likely expansion in the future mainly because of the opportunity it provides to
reduce both development costs and timescales.
Increasingly simulations will be driven by developments in computer games technology if for no other reason
that spending in the computer games industry dwarfs that available to fund further developments in military
engineering simulators.

