The contract to supply Eurofighter's propulsion system was awarded to EuroJet Turbo GmbH in 1986. EuroJet is a consortium of companies from each partner nation and after workshare changes; Rolls-Royce of the UK has 36%, MTU (Motoren-und Turbinen-Union) of Germany has 30%, FiatAvio of Italy has 20% and ITP (Industria de Turbo Propulsores) of Spain has 14%. The partnership has resulted in the EJ200 advanced turbofan and associated management systems.




 EuroJet 200

Origins and Technology

The EJ200 started life in 1982 as the Rolls Royce/British MoD XG-40 Advanced Core Military Engine or ACME demonstrator. This programme, split into three phases; technology (1982-88), engine (1984-89) and assessment (1989-95) developed new fan, compressor, combustor, turbine (including high temperature life prediction) and augmentor systems using advanced materials and new manufacturing processes. The first full engine commenced rig testing in December 1986 with the final XG-40 running for some 200 hours during 4000 cycles bringing the programme to a close in June 1995.
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	Cross section of EJ200 © MTU


	


Upon formation of the EuroJet consortium in 1986 much of the continuing XG-40 research was used for the new programme. The requirements were for a powerplant capable of higher thrust, longer life and less complexity than previous engines. The result was a powerplant with similar dimensions to the Tornado's RB199 yet having almost half as many parts (1800 against 2845 for the RB199) and delivering nearly 50% more thrust. A very noticeable difference between the two engines can be seen by comparing the turbine blade designs. Compared to the RB199 the EJ200's blades are enormous and show leanings towards sustained transonic and supersonic flight profiles.
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	Cross section of rotor blades


	

	Single Crystal Turbine Blades
On the microscopic scale all metals (and their alloys) are an arrangement of crystals. How these crystals are arranged, their size and distribution depends on what the metal or alloy is and how it was forged.

The vast majority of turbine blades are now made from a Nickel or Titanium based super-alloy. The alloy will contain a variety of elements (their amounts are typically proprietary and well guarded!) such as Tungsten, Cobalt, Chromium, etc. The resulting material is extremely hard and difficult to machine and thus blades tend to be forged in a process called investment casting. When forged using traditional constant temperature furnaces the blade contains many small precipitates of various compounds (Cobalt, Tungsten, Ni3Al, Ni3Ti, etc.). This resolves certain physical problems with older generation blades (such as problems with power law creep) but unfortunately at high temperatures the blade can still deform irreversibly due to a process known as diffusional creep.

To vastly reduce this creep problem (which is basically caused by the small, random grain structure) a different approach to manufacture is taken in which giant single crystals are grown. This is achieved by using either a special furnace across which a temperature gradient can be applied or by slowly moving the blade mould through the furnace, a process called Directional Solidification. The resulting rotor is very resistant to both diffusional creep and power law creep and thus may be used at higher operating temperatures. Thus the efficiency of the jet engine is improved and it becomes possible to run the engine under more extreme conditions (such as cruising supersonically) for longer.



	


The EJ200 is an advanced design based on a fully modular augmented twin-spool low bypass layout. The compressor utilises a three stage Low Pressure Fan (LPF) and a five stage High Pressure Compressor (HPC). The fan features wide-chord single crystal blade/disc (blisk) assemblies designed for low weight (including the removal of guide vanes), high efficiency operation. The three stages achieve a pressure ratio of around 4.2:1 with an air mass flow of some 77kg/s (or 170lb/s). Like the fan the five stage compressor also features single crystal blisk aerofoils. The use of single crystals and blade/disc units can both bring enormous potential advantages to how the powerplant may be operated (see fact box).

Following the fan/compression stages fuel is injected via an annular combustor designed for low smoke operation. The key factors in determining jet engine efficiency and achievable work are the temperature and pressure differences attained between the engine inlet and combustor outlet. In the EJ200's case the outlet stator temperature is in excess of 1800K with a pressure ratio (achieved in just eight stages) of some 25:1.

Such a high combustor temperature requires special precautions be taken with the High Pressure Turbine, or HPT which is directly downstream. To help reduce this problem the HPT uses air cooled single crystal blades. However there is a limit to what can be achieved using air cooling. In fact it eventually becomes detrimental to use cooling because it adversely effects the achievable combustion temperature and thus reduces efficiency. To overcome this the EJ200's HP turbine blades also utilise a special Thermal Barrier Coating, or TBC. This barrier is comprised of two plasma deposited layers, a special bonding coat over which a top layer of a Nickel-Chromium-Yttrium ceramic material is applied. Although this increases the life of the blade and increases the achievable operating temperature it does require regular inspection to ensure the coating remains viable. Following the single HPT is a further single Low Pressure Turbine (or LPT) stage again employing single crystal blades. In both the HPT and LPT a powder metallurgy disc is employed. A titanium alloy based mono-parametric convergent/divergent (Con-Di) nozzle completes the engine improving achievable thrust while helping to optimise the system for different flight profiles.

	Powder Metallurgy

	Most metal structures and items are constructed by milling a solid piece of forged material. However over recent years a different method of forming has become possible using powdered metals.

The major benefit of powder metallurgy is that it can produce a component with typically >95% the density of a forged/machined equivalent but at lower cost. The actual procedure used is actually quite straightforward. The metal powder (or combination of blended powders) is compressed under high pressure into a mould of the component to be produced. It may also be possible to incorporate special compounds in the metal powder blend to enhance for example, temperature resistance or aid lubrication. The mould containing the compressed powder mix is then be fired or sintered. Upon cooling the mix crystallises to form a solid component.

The result is a relatively cheap component that can exhibit very similar physical properties to equivalent machined/forged items but at lower cost.



	

	

	

	


Overall the EJ200 employs a very low By-Pass Ratio (the ratio of air which bypasses the core engine or compressor stages) of 0.4:1 which gives it a near turbo-jet cycle. Such a low BPR has the benefit of producing a cycle where the maximum attainable non-afterburning thrust makes up a greater percentage of total achievable output. At its maximum dry thrust of 60kN (or 13,500lbf) the EJ200's SFC is in the order of 23g/kN.s. With reheat the engine delivers around 90-100kN (or 20,250-22,500lbf) of thrust with an SFC of some 49g/kN.s. Compared to other engines these figures may actually seem relatively high, however such data must be used with caution and evaluated with all other performance data to be of any use. With reheat the engine weighs just 2286lb giving a Thrust to Weight Ratio of around 9:1.

An interesting point to note is that the baseline production engine is also capable of generating a further 15% dry thrust (69kN or 15525lbf) and 5% reheat output (95kN or 21263lbf) in a so called war setting. However utilising this capability will result in a reduced life expectancy.

Much is currently being made about supercruise, that is the ability to cruise supersonically without the use of reheat (afterburn) for extended periods of time. Although never stated explicitly (as for example with the U.S. F-22) the Typhoon is capable of and has demonstrated such an ability since early in its flight program according to all the Eurofighter partnets. Initial comments indicated that, with a typical air to air combat load the aircraft was capable of cruising at M1.2 at altitude (11000m/36000ft) without reheat and for extended periods. Later information appeared to suggest this figure had increased to M1.3. However even more recently EADS have stated a maximum upper limit of M1.5 is possible although the configuration of the aircraft is not stated for this scenario (an essential factor in determining how useful such a facility is). The ability to maintain transonic and supersonic flight regimes without resorting to the use of reheat is achieved mainly thanks to the advanced materials and design of the EJ200. For times when a quick sprint is required the Typhoon can employ reheat with an upper (design) limit of Mach 2.0.

EJ200 development

	EJ200 Specification


	Length, m (ft,in)
	~ 4.0 (~ 13'2")

	Diameter, m (ft,in)
	~ 0.85 (~ 2'9")

	Dry Thrust, kN (lbf)
	>60 (>13500)

	with Reheat, kN (lbf)
	>90 (>20250)

	By-Pass Ratio
	0.4:1

	Total Pressure ratio
	25:1

	Fan Pressure ratio
	4.2:1

	Air mass flow, kg/s (lb/s)
	77 (170)

	SFC dry, g/kN.s
	23

	SFC reheat, g/kN.s
	49


	

	


Since the first EJ200 ran in 1991 some 14 development engines have been constructed. The first three plants were for design verification amassing some ~700 hours of bench test time. Another 11 engines were then constructed and placed in Accelerated Simulated Mission Endurance Testing, or ASMET. These prototypes (designated EJ200-O1A) were used to verify the engine design and reliability. During this stage the first two Development Aircraft, DA1 and DA2 entered flight testing. Since the EJ200 had not been certified for flight these first two aircraft were equipped with Tornado ADV class Turbo-Union RB199-104D engines (the D signifies the removal of the thrust reversal buckets). These have have a significantly lower dry thrust, some 42.5kN, than the EJ200 but are approximately the same size. In mid-1998 these RB199's were replaced with EJ200-03A models (see below).

So far over 10000 hours of combined rig testing have been achieved of which some 2800 hours were in altitude testing facilities. In addition the EJ200 has completed well over 650 real flights in the various Development Aircraft from sea level to 15000m (50000ft) and from 135kts through M2.0.
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	Production model EJ200 © Rolls Royce


	


The first Eurofighter to receive the (flight certified) EJ200-01A was the Italian DA3 in 1995 with its first flight in June of that year. The remaining development aircraft also use the EJ200 powerplant (both the EJ200-01A and 01C), but the DA3 remains the primary engine integration aircraft. The DA3 has been used for testing not only the EJ200 itself, but also the Full Authority Digital Engine Control (FADEC) system and Auxiliary Power Unit (APU). In April 1997 EuroJet completed and obtained flight certification on the full pre-production model engine, the EJ200-03A.

In January 1998 EuroJet signed production and production investment contracts with NETMA for some 1500 engines worth around DM12.5B covering the basic order of 620 Eurofighter's. Following this in January 1999 EuroJet received official orders for the first 363 engines to equip the 148 Tranche-1 Typhoon's as well as providing a number of spares. In June 1999 EuroJet obtained flight clearance for the final production standard powerplant with production release scheduled to occur by the end of 1999. The first two production engines were handed over to BAE on the 12th July 2001 at Rolls Royce's Filton plant in Bristol. They were subsequently integrated into IPA1, the first production Eurofighter, at BAE's Warton facility.



 Engine Management

The EJ200 is controlled by both an Engine Control Unit and a fuel management system supplied by LucasVarity Aerospace. The primary engine control system developed by ENOSA and Technost SpA under the leadership of Dornier (an DASA company) and Smiths Industries is a Full Authority Digital Engine Control, FADEC unit. Its responsibilities include overall engine management, including afterburn fuel flow and control of the nozzle area.

The third system comprises the Engine Monitoring Unit (EMU) developed by ENOSA, BAE Systems and Microtechnica. Its sole purpose is the self diagnosis of engine faults, it thus augments the structural health monitoring system. The EMU takes its input from both the fuel management and FADEC units as well as a full array of dedicated sensors within the engine.



 Future of the EJ200

Engine uprating

The EuroJet consortium were required to build an engine (often referred to as EJ2x0) which had at least a 20% growth potential. There are already plans to carry out the necessary modifications to reach this higher (Stage-1) output in the 2000 to 2005 timeframe. Such an improvement will require a new Low Pressure Compressor (raising the pressure ratio to around 4.6) and an upgraded fan (increasing flow by around 10%). This would result in the dry thrust increasing to some 72kN (or 16,200lbf ) with a reheated output of around 103kN (or 23,100lbf). Given recent increases in the weight of the Typhoon it may not be unexpected to find this upgrade performed in the near future.

More interestingly perhaps is Rolls-Royce and EuroJet's plan to increase the output 30% above the baseline specification as a Stage-2 modification. Such an upgrade will require more substantial plantwide changes including a new LP compressor and turbine and an improvement in the total pressure ratio. These upgrades would yield a new dry thrust of around 78kN (or 17,500lbf) with a reheated output of around 120kN (or 27,000lbf). The indications are that these improvements will come on stream between 2005 and 2010, in time for the Typhoon's Mid Life Upgrade expected around 2016.

Thrust Vectoring Control

	Thrust Vectoring

	Thrust Vectoring Control became a big issue in the 1980's and early 1990's with the majority of aerospace companies pushing ahead with related programs. There are two basic types of TVC, 2D and 3D. Two dimensional vectoring (2DTVC) works by directing the exhaust up or down (pitch vectoring), the F-22 Raptor features such a system. While three dimensional vectoring (3DTVC) adds the ability to direct the thrust left to right (yaw vectoring).

The are several real benefits to employing thrust vectoring, for example; decreased take-off and landing distances, higher achievable angles of attack, improved control at low speeds/altitudes, reduction in size and number of control surfaces and reduced supersonic drag (by using the vectoring equipment to adjust trim rather than the control surfaces). There are however questions over just how useful TVC will be in future air battles with the increasing move towards beyond visual range engagements.



	

	

	

	


As well as the potential for increasing the EJ200's thrust there are also plans to incorporate a Thrust Vectoring Control, or TVC nozzle. 

The EJ200's TVC nozzle is a joint project lead by Spain's ITP and involving Germany's MTU. Preliminary design of the system began in mid-1995 at ITP, the proceeding years involved work by both ITP and MTU to deliver a fully functional EJ200 integrated system. The outcome of this research led to the first 3DTVC equipped EJ200 undergoing rig trials in July 1998. The nozzle requires relatively few modifications or additions to be made to the EJ200; a new hydraulic pump, reheat liner attachment upgrades, casing reinforcement, new actuators and associated feed equipment. More importantly the equipment fits within the engines current installation envelope and therefore no changes will need to be made to the Typhoon to accommodate the system.

There are essentially three types of vectoring nozzle; ones in which the entire post-turbine section is moved, those which feature external nozzle attachments for directing thrust (e.g. the X-31 paddles) or ones in which thrust is vectored within the divergent section. The ITP system uses the later design requiring no external equipment (which adds weight and offers relatively poor efficiency) and reducing distortion on the major engine structures (a problem with using the first method).
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	CAD image of nozzle during vectoring © ITP R&D


	


The new Thrust Vectoring Nozzle, TVN is a convergent/divergent type containing three concentric rings linked via four pins forming a unified Cardan joint. Each of these rings serves a purpose, the inner ring is connected to the nozzle throat area with the secondary ring forming a cross-joint connection with the pivoting outer ring. This outer ring is in turn connected to the divergent section (green on the CAD diagram) via several struts or reaction bars (black on the CAD diagram to the left). The outer ring is controlled by either three or four hydraulically powered actuators situated at the North, South, East, West, South West and South East positions. By minimising the number of required actuators (either three or four) ITP claim there is little additional weight, reduced actuator power demands and increased reliability over previous systems. Additionally the nozzle utilises a partial balance-beam effect to minimise the actuator load requirement. This effect uses the exhaust gases themselves to close the nozzle throat area, according to ITP this gives a 15% reduction in actuator loads in certain circumstances.
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	Vectoring configurations © ITP R&D


	


The baseline vectoring configuration uses three actuators (North, South East and South West). By moving each actuator either in or out the outer ring (red) can be tilted in any direction (see CAD diagram to right, top picture) thus offering both pitch and yaw control. Any net directional movement in the outer ring is then translated via the struts into a larger movement of the divergent section, vectoring the thrust. As well as vectoring control (via movement of each actuator) it is possible to alter the throat area directly by moving all three actuators outward or inward in parallel. In both cases the outer pivot and the inner (green) throat area ring are fixed in the axial direction which reduces the required number of actuators.

Beyond the baseline case the TVN includes a pro-baseline configuration offering the ability to alter the divergent section exit area as well as vectoring thrust and altering the throat area. To achieve this the outer ring is split into top and bottom halves and four actuators (in the N, E, S and W positions) are utilised (see CAD diagram to right, bottom picture). By moving each actuator in a unified/combined manner the thrust can be vectored and the throat area altered. However by moving just the N and S actuators the split ring hinge can be opened and closed. In turn this moves the upper and lower strut series either in or out opening or closing the exit area. In a traditional Con-Di nozzle the exit area is directly related to the throat area. The problem with this approach is that it is extremely difficult to optimise the nozzle shape to different flight profiles, e.g. subsonic cruise, supersonic dash. By allowing dynamic control of the exit area the nozzle shape can be altered on the fly. According to ITP this allows for significant improvements in achievable thrust in all flight profiles.

The three ring system is not the only unique feature of the nozzle. In previous convergent/divergent systems the reaction bars or struts have been connected to the divergent section at a single point. This limits their deflection range thus imposing limits on achievable thrust vectoring (typically to no more than 20°). The ITP TVN however uses a dual point hinged connection allowing a far greater range of movement to be achieved (according to ITP, studies indicate 30°+ can be achieved). By careful placement of the struts, problems with the nozzle petals overlapping or colliding are also removed.

	Click either image for alternative versions
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	Rig trials of 3DTVC equipped EJ200 © ITP R&D


	


Since rig trials commenced in 1998 the TVC equipped EJ200-01A has run for 80 hours (February 2000) of which 15 hours were at full reheat (including sustained five minute burns) during 85 runs. These trials have included over 6700 vectoring movements at the most severe throttle setting and 600 throttling cycles under the most demanding vectoring conditions. These trials demonstrated full, 360° deflection angles of 23.5° with a slew rate (the rate at which the nozzle can be directed) of 110°/s and a side force generation of some 20kN (equal to approximately to one third of the total EJ200 baseline output). These vectoring trials have included both programmed ramp movements and active joystick control. The studies have also verified the MTU developed DECU (Digital Engine Control Unit) software and FCS connections.

During the summer of 2000 a round of altitude trials commenced at the University of Stuttgart, Germany. These are focused on determining the effects of temperature and pressure variation on the nozzle materials, shape and performance. Additionally ITP are continuing work on further reducing the weight of the system.

In November 2000 ITP announced that an agreement had been reached with Germany and the U.S. to utilise the X-31 VECTOR test aircraft for flight trials of the nozzle. This will see a modified EJ200/TVN combination fitted to the X-31. The modification work required will involve all members of the EuroJet consortium. Additional input is likely from EADS and Boeing as well as NETMA in providing the required EJ200's and equipping the X-31. The Spanish government has agreed to pay for flight certification of the system and provide test pilots. The first flight trials are expected in late 2002 to early 2003. In addition Eurofighter and EuroJet have expressed a desire to commence flight trials of DA1 equipped with the nozzle sometime from 2003. How this fits in with the X-31 test phase is currently unclear.

ITP have suggested that a Eurofighter fitted with the nozzle will benefit in a number of areas including; reduced after body drag (through tighter nozzle shape control), an estimated 7% improvement in installed thrust for the supersonic cruise regime (M1.2 non-reheat at 35000ft) and a 2% improvement in maximum take-off thrust.

At this stage there are no definite plans to fit the nozzle to any production Eurofighter. However Eurofighter, EuroJet and a number of consortium nations and other companies have indicated a desire to include the nozzle (if possible) in Tranche-3 aircraft (due from 2010). This would fit with the stated desire of the four consortium nations to incorporate new technologies in sucessive Eurofighter production runs. The current Eurofighter struture has already been strengthened in anticipation of increased loads created by TVC as well as higher output EJ2x0 series powerplants.

The webmasters would like to express their thanks to ITP R&D for providing the information and material on the 3DTVC nozzle and Rolls Royce for material on the XG-40 and EJ200.
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The four primary contractors in the Eurofighter consortium (BAE Systems, EADS and Alenia) have invested heavily in new plant and technology to produce the Typhoon. Since the procurement contracts for the aircraft were signed on a fixed price basis a major project aim has been to reduce costs and eliminate risk in the production process. After all, a decrease in production costs equates to a greater profit for the companies and conversely increased costs could result in losses.

The situation is further complicated by each member country having its own final production line. Although this implementation inevitably increases production costs it does help distribute the work equitably and allows for individual country needs to be incorporated with ease. While each country will construct their own aircraft all components and assemblies are single sourced which is the most cost effective and efficient method of procurement. This coupled with deliveries that are scheduled using the JIT, Just In Time approach mean less inventory is held in-stock lowering warehousing and similar costs.

With each tranche of Eurofighter's contractually required to cost less per aircraft than the previous the risks for the consortium are high, but the gains could be tremendous. If all these production targets are met and each tranche does indeed cost less it will be a first in military aviation.



 United Kingdom

Britain's BAE Systems have their sub-assembly plant at Samlesbury in North West England. This site produces the Stage-1 aft fuselage, the vertical stabiliser, canards, inboard flaperons and the forward fuselage cockpit assembly. Over the years the Samlesbury plant has been involved in the construction of many types of aircraft. The most recent of these being the Tornado which finished production in 1996. All final assembly for aircraft produced in the UK occurs at BAE's plant at Warton near Preston in North West England. This site has of course also been the base of operations for all British Eurofighter development aircraft.

Samlesbury

The Samlesbury site has undergone a significant redevelopment to accomodate Eurofighter production. A raised floor mounted on 16,000 pedestals has been fitted to facilitate simple modification of the production process as well as providing easy access to utilities. This gives an almost unlimited adaptability to the process and will enable rapid addition of plant equipment to help combat any production bottlenecks. The image below shows the general layout of the Samlesbury facility, to view close up shots of some areas move your mouse over the image and click the highlighted sections.
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	Samlesbury Production Facility © BAE Systems


	


Production at the site has been devised to substantially reduce costs through the utilisation of systems such as DLF (Direct Line Feed), JIT and production systems such as Kaban. These techniques combined with production systems and best practices taken from Airbus aviation production and Rover car production help create one of the most advanced lean manufacturing facilities in the world. Quality has also been given the highest priority with concepts such as Cellular Manufacturing whereby each cell is almost completely self-managed and is responsible and accountable for its own performance. The aim is to create a feeling of responsibility, and pride in each cells product
	Lean Manufacturing

	In years gone by the actual process of manufacturing a final aircraft was often down the list of priorities in its development and deployment cycle. For example it was common for separate sections of an aircraft to need tailoring to fit during assembly. To produce a large number of aircraft this way today would undoubtebly be economic suicide for the companies involved. Therefore a lot of money has been spent on improved production and scheduling systems. The techniques developed are combined to create what is termed Lean Manufacturing.

Some examples of this approach to manufacturing include JIT or Just-In-Time manufacture. Another technique being utilised is termed Kaban which effectively pulls construction work through the process. This differs from most current methods which push the assembly through each section. Combined, JIT and Kaban vastly reduce the amount of stockpiling required and help maintain a steady production schedule.



	

	

	

	


Several large engineering production machines are now installed or projected to be used at Samlesbury. These include four Advanced Contouring Machines (ACM), two five-axis machining centres (FAM), an advanced 10-axis, gantry-type V4 Contour Tape Laying (CTL) machine. The levels of production accuracy required are astounding, panels and fittings have tolerances equal to 70 microns. This means that parts taken from one aircraft will fit any another, without modification, as was common practice on previous aircraft.

The ACMs, produced by Germanys DS Technologie, will assist the production of the centre fuselage frames by increasing metal removal rates, allowing higher feed rates and reducing set-up times. They also allow for varying types of materials to be machined such as titanium and aluminium lithium. A unique feature of the ACMs is that both the swarf and coolant are recycled via an all new central processing facility. Here the swarf is separated, dried and blown into sealed skips and the coolant is filtered and pumped back into the machines.

Key to production work at Samlesbury are two, five-axis FAMs coupled together with laser tracker systems. These machines allow the building of assembly jigs without the need to manufacture original master templates or gauges, reducing cost and increasing productivity. To ensure the jigs produced by the FAMs are indeed accurate virtual simulation has been used to validate the machining process. This facility also has three Mitsui Seiki five-axis horizontal machining centres which form part of the machining capability for smaller detail parts.

The V4 (version-4) CTL ordered in June 1999 from Cincinnati Machine of the United States is being used to automate the production of the composite structures. The core purpose of the CTL is to automatically heat and lay the thermosetting composite tape over a pre-defined shape or tool. The machine is able to cope with both flat and contoured (or combinations of both) tools enabling the complex curves and edges of various Eurofighter parts to be followed precisely. The CTL even automates the moving and positioning of tools for subsequent lay-up of the composite material. To support high lay-up speeds and large part capability the version-4 CTL provides 12.8 m X-axis longitudinal travel and 4.2 m Y-axis traverse. It is equipped with 635mm diameter reels providing 800 to 900 m of tape. The CTL should lead to improvements in quality and reduction in production times compared to older, manual lay-up methods.

Another substantial investment is a 14 tonne, 11.5 metre high column that has been installed to support a £7.5 million drilling machine in shed four at the site. The computer controlled machine will be used to automatically drill a thousand holes in each Eurofighter front fuselage. This is one of six such machines being installed in the site as part of an investment of around £35 million. This work was previously done by hand and the new system will enable much higher throughput while also producing one of the most accurate load bearing panels on any modern aircraft.

Warton

With component manufacture based at Samlesbury the final British Eurofighter production line is based at BAE's Warton site. Each of Britain's Eurofighter's will undergo further testing by the RAF and DERA before being officially accepted into service and assigned to a squadron.

Plymouth

BAE Systems Avionics and Tactical Products Division produces the Ground Proximity Warning System (GPWS) using TERPROM II. First deliveries of this module commenced in October 2000.



 Germany

EADS Germany (formerly DASA) has responsibility for manufacturing the mid section fuselage. The majority of the work occurs at the Augsburg-Haunstetten, Bremen and Manching plants. The Manching plant also houses the final production line for all German Eurofighter's.

Augsburg
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	Splicing of first centre fuselage at Ausburg © EADS


	


The majority of the 6.5 meter long, 1470kg centre section structure is constructed and assembled in Augsburg, this site has been key in the production of many aircraft, from the F104 through to the F-4 Phantom II. The remaining part of the centre fuselage, section 3 is built in Bremen by teams of between 6 and 18 in six assembly docks. Two of the docks are for the air intake, which includes the Varicowl lips, Sections 2B+3 are joined on another dock, and three docks in parallel are used to join 1+2A subassemblies together.

These subassemblies are passed on to the next three stations where they are fitted together. The large Carbon Fibre Reinforced Plastic (CFRP) skin, supplied by the Stadt plant is measured by an optical system called Ganymede, which matches the skin to the frames and if required, uses compensation spacers to achieve a perfect fit. This gives the centre section its rigidity. The structure is then passed on to the drilling and milling phase where 3,500 holes are drilled, riveting takes place at two docks called station 3.

Station 4 is comprised of 3 working areas where tank sealing and pressure testing is performed. At Station 5 the centre section is mounted vertically to fit the air intake and all mounting points for the other major subassemblies are now prepared. When all panels and protective coating have been applied the centre section is ready to be sent to the final assembly line.

Eurofighter engineers can now design new types of floor beams, wing ribs, and fuselage frames, thanks to a new spindle carrier head that helps streamline production of large parts. Now, instead of building up structural components from an assembly of plates, angles, channels, and fasteners, they can design larger monolithic structures. Using larger parts yields stronger, more reliable, and lower cost designs. 

Landing its first production application at the Augsburg the patented three-axis spin die carrier from DS Technologie GmbH ( called the Z3 head by marketing partner Cincinnati Machine ) has been busy making centre section components for the fuselage. 

The new spindle carrier's parallel kinematics contributed to a 30-50% reduction in production time compared to gimbal-type heads. Other advantages include improved surface finish, greater accuracy, better reliability, and a more compact design. In total Augsburg has four Z3 Head-equipped machines connected in two flexible manufacturing systems. Each cell consists of two linked HSC machines, two tool magazines, one pallet transportation system, a tilt load/unload, and a buffer station.

Manching

	 
	Click image for expanded view  
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	Manching Production Facility © EADS/Eurofighter


	


The German's are well known for their engineering prowess and the Manching plant is a good example of this. Two production lines are run in parallel in a single 172m long, 32m wide hangar employing around 1800 people during its peak output. Through the use of Just-In Time planning a minimum amount of inventory is kept for either line, reducing storage overheads. However extra capacity has been planned for to cope with additional export orders. The Manching plant also acts as the logistical supply centre for numerous items used by all consortium nations such as pumps, cylinders, etc.

The first of the two production lines equip the centre fuselage sections produced at Augsburg. Final delivery of these sections of fuselage are made to the production lines of all the consortium nations. It takes approximately forty days to fit out each centre fuselage assembly. In total there are six stations dedicated to fitting out the fuselage section, each is covered in more detail below.
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	Station 31 : Manching


	
	Station 31 : The centre fuselage is unloaded from its transporter, attached to a mobile assembly frame and is prepared for the equipping stage.


	Station 32 : There are five assembly docks, each one fits all the cables, fuel, hydraulic and pneumatic lines as well as nose wheel and well covers.
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Station 32 : Manching
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	Stations 33 - 36 : Manching


	
	Station 33 : The first station in this block of four tests the power and antenna cabling and the associated electrical equipment.

Station 34 : Pressure testing of the hydraulic and fuel lines is carried out to check for leaks.

Station 35 : Installation and test of system components, hydraulic pumps, air brake and generators

Station 36 : The fuel tanks are filled with an inert test liquid and pressurised to check for any leaks.

A final check is then completed before the fuselage is shipped.


The final assembly line for all German sourced Typhoon's lies directly next to the centre fuselage line. Siting production this way enables tools and personnel to be used on either line. The final assembly process comprises of six stations. Here the 334 individual items of equipment and sub-assemblies will be joined and tested to produce the completed Typhoon.

	Station 1 - Fuselage splicing : Here the three major assemblies; cockpit, centre fuselage and rear fuselage are joined or spliced together. The technique for joining is remarkably similar to the Tornado with each section being bolted together. The major difference is hundreds of radial rivets are used to provide a homogeneous join of the outer skin.

Station 2 - Flight surfaces : Here wings are joined to the titanium attachment points on the main fuselage. The slats, flaps, canards and fins are attached and the Typhoon begins to take on its distinctive shape.

Station 3 - Test station : All electrical cabling is tested.

Station 4 - Test station (B tests) : All the electrical, hydraulic and mechanical systems are tested using off board computer controlled test equipment.

Station 5 - Engine and Systems : The EJ200 engines are installed and checked as are the aircraft armament and safety systems.

Station 6 - Flight systems : The flight control and navigation systems, CAPTOR radar, DASS and related components are installed.


Once completed each Typhoon leaves the plant and undergoes further tests on the fuel system and engines. The pre-delivery test program ends with functional check flights; in addition aircraft are randomly tested for electromagnetic compatibility. Finally the aircraft is delivered to the paint shop where it receives its in-service colour scheme before being delivered to the Luftwaffe.

As with British aircraft the Luftwaffe conducts further pre-acceptance tests where the aircraft performance is measured against precisely defined criteria. Upon completion and subject to passing all the criteria the aircraft is accepted into service.

Heidelburg

TELDIX delivered the first production model of the Cockpit Interface Unit (CIU) on the 28th November 2000. Two days later they delivered the first production models of the Avionic and Navigation Computers.



 Italy

Italy is responsible for manufacturing the left wing, outboard flaperons, the second and third stages of the aft fuselage.

Foggia
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	Left wing production © Alenia


	


Foggia is home to Alenia's manufacturing base for the left wing of the Typhoon. In September 2001 Alenia placed an order with the U.S. company Cincinnati Machines for two High Contour Tape Laying (HCTL) machines, deliveries are expected from late-2001 through 2003. As with the CTLs at Samlesbury the machines will be used to automate the production of, in this case composite sections of the left wing. These particular CTLs are provided with new high-contour heads which increase clearance around the tape laying head itself by 60%. This in turn enables the machine to better handle more highly-contoured, angular shapes.

Turin

Microtechnica are the prime contractors for the Leading Edge Actuation System (LEAS) and the Air Flow Control System (AFCS) for the EJ200's.



 Spain

Major components manufactured by Spain include the right wing and leading edge slats.

Arunjuez

Indra produce the Maintenance Data Panel (MDP) and Front Computer (FC).



 Other nations

In addition to core production in the four original Eurofighter nations a number of other companies from various countries are involved. BAE Systems Australia is at present investigating conformal fuel tanks and working on software related to the Typhoon. In Norway, Kongsberg Protect manufacture the front wheel well covers. Although Greece has signalled its intent to join the Eurofighter consortium by purchasing 60 aircraft its current industrial contribution is limited to producing external fuel tanks. This situation is expected to increase once formal contracts are signed. A number of U.S. companies are directly or indirectly involved in Eurofighter, for example Planar and dpiX supply the Eagle-6 AMLCD units for the cockpit displays.

Sources :

[1] : BAE Systems, Warton, UK
[2] : Vortex, Eurofighter GmbH, 2000
[3] : Cincinnati Machine, Cincinnati, Ohio, USA

Much of the basic design of the Eurofighter was derived from BAE Systems Experimental Aircraft Programme (EAP) and its preceding projects (P.106, P.110, TFK-90). However there do exist some notable differences between the current Eurofighter and its EAP cousin. For example while the EAP utilised a cranked delta layout the Eurofighter instead uses a standard delta configuration. Other differences include the inclusion of conformal recessed fuselage weaponry, a wide mouthed curved intake and a bubble type canopy.

Construction responsibility for the structure is split amongst the consortium. BAe manufactures the front fuselage, canards, starboard leading wing slats and flaperons, fin and centreline pylon. DASA constructs the centre fuselage, Alenia is responsible for the port wing, CASA and Alenia builds the rear fuselage and CASA and BAe build the starboard wing. Each nation maintains its own final assembly line thus ensuring local delivery times can be met but at a likely cost increase due to four-way shipping requirements.



 Structural Design

	Dimensions - Single Seat


	Length, m (ft,in)
	15.96 (52,4)

	Wingspan (inc. pods), m (ft,in)
	10.95 (32,11)

	Height, m (ft,in)
	5.28 (17,3)

	Wing area, sq m (sq ft)
	50 (538.2)

	Wing aspect ratio
	2.21

	Canard area, sq m (sq ft)
	2.4 (25.83)

	Weight empty, kg (lbs)
	11,000 (24,200)

	Fuel load, kg (lbs)
	4996+ (10991+)

	Max T/O weight, kg (lbs)
	23,000 (50,700)


	


Structural details

The Eurofighter is a pitch unstable, delta-canard tail-less design with a 53° leading edge sweepback on the main wing. This configuration was found to give an optimal combination of lift and agility. With a wing area of around 50sqm it has a small loading in a typical combat situation which implies very good manoeuvrability. Pitch instability causes the aircraft to point its nose up during flight further increasing agility and helping to reduce drag.

With no tail the all-moving foreplanes, or canards impart pitch and roll control combined with the wing flaperons and rudder. In addition the canards can be used to trim the aircraft through different flight regimes minimising drag. The canards may also be used as an extra pair of airbrakes when landing by pointing them straight down maximising drag. Unusually the canards are mounted much nearer the nose than is typically found in similar aircraft. This increases the maximum achievable Angle of Attack (AoA). The drawback to this is a decreased view to the left and right of the pilot. Automatic slats are present on the main wing leading edges which ensure the correct wing camber is maintained across the flight envelope. A hydraulically operated air-brake is integrated behind the cockpit, moving into a near-vertical position to maximise drag when required. 

Since the project began the Typhoon has undergone several increases in weight from the original 9750kg (21450lbs) to the current 10995kg (24239lbs). In turn this has resulted in the aircraft missing the intended final weight by a small margin, around 20 to 30kg. However it has resulted in a far more rigid aircraft with an improved multi-role capability. It has also allowed the amount of internal fuel to be increased by several hundred kilos.

	Eurofighter Typhoon elevations


	Click images for larger view

	



	Typhoon Front Elevation © WAPJ

	



	Typhoon Plan View © WAPJ

	



	Typhoon Side Elevation © WAPJ


	


The air intakes are positioned below the aircraft (ventral mounting) much like the F-16. This ensures an uninterrupted airflow to the engines whatever the Angle of Attack or velocity. The intakes themselves are S-shaped along their length, this ensures that the engine turbine blades are not within frontal view of the intake, which in turn lowers the frontal RCS. In addition the intake box has a rounded bottom with sloping sides, improving air flow and further reducing the RCS. The intake is fitted with a variable position lower cowl, the upper cowl is fixed.

The particular combination and design of both the control surfaces and FCS combined with the high thrust output of the EJ200's imparts extremely good manoeuvrability throughout the flight envelope. According to comments from BAE Systems, the turning performance at supersonic velocities is superior to any of its contemporaries from either the West or East. The airframe itself is designed to last 6000 hours the equivalent of 30 years service. In September 1998 static testing of the airframe was completed with a simulated 18000 hours on the clock, or three times the expected life.

Ancillary structures

The ability to stay on station enhances any aircraft capabilities and to enable this the Typhoon is equipped with a standard retractable NATO refuelling probe. The system is mounted within a small starboard compartment just below the canopy. This gives the pilot excellent visibility during refuelling operations. In any emergency fuel can be jettisoned through a tail mounted ejector pipe.

One of the requirements imposed on the Eurofighter is the ability to operate from hastily prepared landing and take-off strips. To this end particular attention needs to be paid to the landing gear. The system used in the Typhoon is constructed by Dowty Aerospace. The gear is a relatively standard tricycle type with a single wheel on each unit. The wing units retract inwards while the nose unit retracts backward. Each wing, or main wheel measures 28" by 9.5" while the nose wheel measures 18" by 7.7". Actual control of the nose wheel is handled as a secondary function by the FCS. Additionally an emergency arrestor hook is fitted to the rear of fuselage.



 Materials
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	Cut-away of Eurofighter Typhoon structure © BAE Systems


	


Eurofighter benefits from advances over the past twenty years in the fields of metallurgy, polymer science and composites. Over 80% of the airframe is comprised of modern materials. This brings advantages not only in terms of the strength to weight ratio but also has implications for stealth. For example a far smoother surface finish can be obtained compared to metal structures which in turn can be a significant factor in reducing the radar cross section of an aircraft.

The materials used have as with all parts of the aircraft been developed jointly by the consortium, here EADS/CASA is the project leader. It addition to new materials, new reliable and efficient methods for fabricating and bonding them, such as Super Plastic Forming, Diffusion Bonded (SPFDB) Titanium have been developed. These new techniques not only speed production they also improve the materials physical properties in various ways.

Most of the aircraft shell, >70% is comprised of Carbon Fibre Composite (CFC), namely; the outer fuselage, wings (including in-board flaperons) and rudder. Additionally a significant proportion of the structural members are also constructed from CFC. The canards, out-board flaperons and engine nozzles are subject to large stresses and/or high temperatures and thus are made from SPFDB Titanium. The SPFDB process yields a far more rigid structure resulting in an improved strength to weight ratio compared to normal, machined Titanium. The wing leading edges, fin leading edges, rudder trailing edge and wingtip DASS/ECM pods are made from a Lithium-Aluminium alloy imparting superior strength to weight than standard aluminium alloys. Additionally these areas are also coated in Radar Absorbent Materials (RAM). The canopy seal surrounds are manufactured from a Magnesium alloy.

The radome is comprised of a complex layered Glass Fibre Reinforced Plastic (GFRP) structure manufactured using very high tolerance automated processes. Since the material used to construct the radome must be transparent to microwave energy it is an obvious source of Radar Cross Section (RCS) reduction problems. To overcome this, BASE, British Aerospace Systems and Equipment who supply the radome structure have developed various Frequency Sselective Surface (FSS) materials which have been subsequently put to use in the Typhoon's radome. FSS materials are composed of a precisely defined array of metallic elements contained within a conducting frame. The use of these materials (when laid up in the correct fashion) results in a reduction in the transmission of all out of band frequencies. Therefore the radome can be designed to be transparent only to those frequencies and polarisation's used by the aircraft's own radar. This of course should lead to a reduction in the aircraft's radar cross section, from all frontal aspects at least.

Overall only 15% of the Eurofighter shell is metal while 40% of the structural weight comprises CFC.



 Reduced Observability

	Stealth

	Since the U.S. F-117 first entered the public limelight much has been made of how stealth will change combat aviation for good. However firstly you have to be careful in defining what is meant by stealth. As an example a Tornado IDS (InterDictor Strike variant) flying 100ft hugging the terrain with its radar and radio off is acting stealthily. Even a good Airborne Early Warning system may have difficulty at times picking out such a target from ground clutter. However even with recent upgrades the Tornado cannot be classed as a stealth aircraft in the modern definition.

So what is a stealth aircraft? At its simplest the modern definition requires a stealth aircraft (or platform) have a low Radar Cross Section (RCS), a low Infra Red (IR) signature and an avionics fit that reduces the probability of another aircraft detecting emissions.



	

	

	


The Eurofighter Typhoon cannot and is not classed as a stealth fighter (see fact box). However the consortium did take measures to reduce the aircraft's radar cross section. Many of these Reduced Observable (RO) features were tested over the years at BAE Systems covered radar signature range at BAe Warton near Preston, NW England. Some examples of this design include; the intakes which are shaped so as to hide the engine compressor blades, the sloped intake sides, the fuselage recessed medium range weapons, the wing hardpoint placement and design, radome construction, etc. In addition Radar Absorbent Materials (RAM) developed primarily by EADS/DASA coat many of the most significant reflectors, e.g. the wing leading edges, the intake edges and interior, the rudder surrounds, strakes, etc.

The actual radar cross section is of course classified, it is however set out for the RAF in SR(A)-425. According to the RAF the Eurofighter's RCS more than exceeds these requirements. More recent comments from BAE seem to indicate the radar return is around four times less than the Tornado. During a recent press event BAE Systems stated that the Typhoon's RCS is bettered only by the F-22 in the frontal hemisphere and betters the F-22 at some angles. Although the later comment is very questionable it still indicates a real attempt to reduce the Typhoon's radar signature. This should enable a Eurofighter pilot to remain undetected by his enemy until he his significantly closer than he may otherwise be able to achieve.

Other issues

It is important to remember there is more to being stealthy than simply having an aircraft with a low RCS. Most current radar and radio sets for example can be relatively easily detected by enemy aircraft support measures and warning receivers and used to plot position. At this time Eurofighter's ECR-90 radar falls into this category of being relatively easily to detect. However thanks to the integration of both on-board and off-board sensors the Typhoon can somewhat circumvent this problem. Of these the single greatest asset is PIRATE and its Infra-Red detector which is entirely passive in nature and thus impossible to detect. The secure radio systems as well as the MIDS datalink (providing the off-board target information) are said to incorporate Low Probability of Detection and Exploitation (LPI) features. In addition the aircraft features automatic EMission CONtrols, or EMCON. Although these precautions do not prevent an opposing aircraft from detecting Electro-Magnetic (EM) emissions from the Typhoon they should limit the likelihood of such interception or their subsequent utilisation.

The webmasters would like to express their thanks to BASE and particularly Chris Tear for providing information on the radome.
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[1] : BAE Systems On-Line.
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[3] : Janes All the Worlds Aircraft 1996/97
[4] : BAE Systems, UK
[5] : Airforces Monthly, November 1997
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[7] : British Aerospace Systems and Equipment, Devon, UK
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The Eurofighter 2000 is a multi-role aircraft optimised for the air combat role. To this end a diverse range of weapons systems can be fitted to the aircraft.



 ACS

As with all of Eurofighter's systems the weapons release functions are highly integrated. The weapons themselves are monitored, selected and armed by the Armament Control System (ACS). The ACS itself comprises essentially two systems, the weapon pylons/points and a set of on-board computers. Given data (target information and weapon release calculations) from the AIS the ACS can automatically select the appropriate weapon for a given target or target list. The weapons can then be cued using data (again) supplied by the AIS. The ACS also handles (through the weapons pylons or mounting points) the arming, release or jettisoning of all weaponry. In addition through the use of standard, MIL-STD-1553B and -1760 digital weapons databuses it is possible to monitor the status of all attached ordnance. The use of this particular bus also allows new weaponry (conforming to the same interface standard) to be integrated relatively speedily, often through simple software upgrades. Any critical data from the ACS (active weapon and weapon status for example) can be monitored full time on the HUD and HMS. In addition the ACS offers stores information output to any one of the Multifunction Head Down Displays (MHDD).



 Internal Cannon

During the Vietnam War an important lesson was learned. Even though new AA missiles such as the AIM-9 Sidewinder seemed to promise the end of air based gun battles it was quickly realised this simply was not true. Many F-4 Phantoms were lost simply because they could not defend themselves once their missile load had been dispensed. To this end even 4th generation aircraft like the Typhoon, Rafale and F-22A still feature guns. 
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	MauserWerke BK27 Cannon
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The Typhoon is equipped with a single MauserWerke GmbH developed BK-27 cannon mounted internally in the fuselage forward of the starboard wing. The Mauser cannon is becoming a standard weapon for European airforces, it equips among other aircraft the Panavia Tornado, Alpha-jet blister pods and SAAB/BAe Gripen. It utilises 27mm high explosive shells with a maximum firing rate of some 1700 rounds a minute, each aircraft will likely carry approximately 150 rounds. Several different types of shell are available. All ammunition types have the same internal and external ballistic behavior, which means the sights do not have to be adjusted for each type.

At only 100kg this cannon offers a significant firing velocity combined with a relatively large shell, it compares extremely favourably with its counterparts. When compared to the U.S. M-61 with a rate of fire of 6000 shells per minute, the BK-27 seems outclassed with a low 1700 shells per minute. However looks can be deceptive, while the M-61 takes almost a second to reach its full firing rate the BK-27's is almost instantaneous. The Mauser will have fired over 4kg of projectiles in 0.5 seconds while the M-61 scores around 2kg. The M-61 will only exceed the BK-27 after a full second of firing, by which time the target may well have moved.

The system itself is relativley compact and extremely robust with a proven in service Mean Rounds Between Failure (MRBF) of over 23,000, the MRBF for the unit plus ammunition is over 14,000. In addition the manufacturer also claims the gun, with a projectile weight of 260g and a fuse function to 85° impact angle out performs all other lightweight fighter cannon systems. The particular install being used for Eurofighter features a new linkless closed ammunition feed system with case recovery. This is a first with a revolver gun and provides a 60% reduction in the volume of installed ammunition.

As with the external weapon loads, targeting of the cannon is done through the HUD. When the cannon is selected a firing predictor is projected onto the Head Up display. This depicts a moving line, or snake which predicts where the next few rounds of cannon fire will go. The system also incorporates auto-fire, whereby a burst of fire can be automatically engaged when the target passes through the sight.

In May 2000 the British MoD announced that Tranche-2 and 3 Eurofighter's in RAF service will not be fitted with any cannon whatsoever, while Tranche-1 cannons would not be utilised. The recommendation for this was made by the Equipment Capability Organisation (ECO) which was tasked with finding the most appropriate mix of weaponry for combat systems. The official Government line is that the capability offered by ASRAAM equipped Eurofighter's leads to the cannon becoming operationaly and economically unviable. However, the British MoD has so far spent £90M on the BK-27 while annual savings from not using it are put at a mere £2.5M (the costs of removing it are put at £32M). This casts some doubt on the economic merits of cancelling the weapon.



 Weapons carriage

The Typhoon has 13 external stations for weapons and fuel, 4 on each wing and 5 on the fuselage with a total payload of some 6500kg (this may now be 7500kg+).

Like the rest of the aircraft, reducing both the drag and Radar Cross Section were a consideration in the placement of the hardpoints and pylons. All wing mounted missiles are launched from GEC developed missile pylons, or Wing Pylon Station Units (WPSU). The two outboard-most rails are for the exclusive use of Short Range Air to Air Missiles (SRAAMs). All of the pylons contain sophisticated electronics forming the last link in the ACS. The pylon systems, featuring MIL-STD-1760 databuses are responsible for arming, releasing and maintaining the attached ordnance. In addition to the wing pylons there are four conformal recessed troughs under the fuselage for the exclusive use of Medium Range Air to Air Missiles (MRAAMs). These mounts were designed for an AMRAAM class missile but the front two stations can accept both the British Sky Flash and Italian Aspide systems. In total the basic Typhoon configuration can carry, in various combinations, up to 10 missiles, two more than the U.S. F-22 Raptor and the same as an Su-35/30 in basic configurations.

	Click image for additional views
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	Storm Shadow on DA4 © BAE Systems


	


At the present time (mid-1999) information on pylon stress limits remains classified. However some basic assumptions can be made. It would be expected that the two in-board pylons on each wing will be 1500kg+ (3300lb+) capable since both are to be capable of carrying the Storm Shadow and Taurus stand-off missiles. The inner out-board pylons are unlikely to be stressed to much more than 500kg (1100lbs) and quite possibly less since they are primarily MRAAM carriers (although they can carry a varied array of ground weaponry). The two out-board pylons are designed to carry only SRAAM and are thus likely to be in the 150kg (330lb) class. Each pylon has been appropriately sized to ensure proper clearance can be achieved to allow each weapon type to be fitted as required.

In addition a number of the pylons can be fitted with racking systems to increase their total capacity (subject to their total load limits of course). For example both the in-board and inner out-board pylons are thought to be rack compatible. Therefore it may be possible to fit two 1000lb bombs to the inner pylons where usually only a single weapon could be carried. Similarly the inner out-board pylon may be fitted to carry two MRAAM class missiles thus freeing up other pylons or perhaps even reducing the aircraft's drag.

External Fuel carriage

Although the Typhoon has adaquate internal fuel for local CAP it will in general be necessary to carry extra fuel. This is accomplished through the use of external fuel tanks. There are various forms of tank available, the choice depending on the mission profile. Currently there are three mounting positions capable of carrying fuel, so called wet points which have been plumbed into the fuel system. These positions are; the centreline wing attachment points (both wings) and the single mid-fuselage position.

At this time three types of tank are either available or being designed. The two common types are similar but are stressed for different flight regimes. One of these is a modified Tornado Hindenburger which is generally subsonic/low-G capable. It will hold around 1500 litres of fuel and would generally be fitted to the wing pylons. The other common type is a slender tank capable of being carried in supersonic and high-G conditions. A new tank fulfilling this role has been designed for the Typhoon which carries around 1000 litres of fuel. With three tanks fitted the Typhoon effectively doubles its fuel carriage. However it does reduce the number of available weapons points while significantly increasing the take-off weight and drag. 
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	CFT scale model in wind tunnel © BAE Systems


	


Finally there are the so called Conformal Fuel Tanks (CFTs). Unlike traditional external tanks which are fitted to a pylon CFT's are fitted to closely match the profile of the aircraft fuselage. Therefore CFT's have to specially designed for each fighter. They do however offer the potential to carry substantial amounts of fuel while minimising increases in drag and RCS and freeing pylons.

In line with the on-going enhancement program BAE Systems teamed with Australia's GKN Engage are leading development of the Eurofighter CFTs. The Typhoon will carry two tanks, each holding 1500 litres of fuel fitted to the fuselage above each wing. This additional tankage should increase the aircrafts range by approximately 25%. At present no in-service dates have been set but they should become available for Tranche-3 and perhaps even Tranche-2 aircraft. While the primary customer is the Royal Air Force the increase in range offered is highly beneficial to other potential customers, particularly Australia.



 Air to Air Weapons brief

In this section you will find an overview of some of the weapon systems the Typhoon will carry. This particular run down covers Air to Air (AA) weaponry. Further down you will find a similar brief for Air to Ground (AG) weapons.

	[image: image48.jpg]



	



	[image: image50.png]




	[image: image51.png]



	 AMRAAM 
	 Medium Range 

	[image: image52.png]



	

	[image: image53.png]



	 BVRAAM 
	

	[image: image54.png]



	

	[image: image55.png]



	 Sky Flash 
	

	[image: image56.png]



	

	[image: image57.png]



	 Aspide 
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	ASRAAM
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	IRIS-T
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The table above gives an indication of possible carriage positions and numbers for each pylon and weapon type. By clicking the 'Weapons Overlay' button at the top of the table a secondary window will open showing a plan view of the Typhoon, clicking a second time will close the window. Moving the mouse over the name of a weapon in the table will then result in images of that weapon being overlaid on the Typhoon. In both the table and the overlay image red coloured ordnance depicts a typical load out for that weapon while those coloured blue shows additional (maximum) loads. Additional information for a particular weapon can be obtained by clicking the appropriate name link in the table (a new window will be opened). Please remember that some weapons programs are still in development and thus information and data is liable to change.

The integration of weapons onto the Eurofighter Typhoon fall into two categories, standard weaponry and customer specific ordnance. Standard weaponry includes; AMRAAM, BVRAAM (Meteor), ASRAAM and AIM-9 Sidewinder. Other missiles will be integrated by the purchasing nations (e.g. IRIS-T by Germany, Aspide by Italy, etc.).



 Air to Ground Weapons brief

This particular section covers Air to Ground (AG) weaponry. Only a small number of weapons are currently examined, further weapon systems will be added later.
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	 JDAM 
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	 BL-755 
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	 DWS-39 
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	Penguin
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As with the Air to Air Weaponry section above clicking the Weapons Overlay link will open a secondary window where images of each weapon will be overlaid on the Typhoon. Also as with the air to air weapons section red coloured ordnance (in both the table and overlaid graphic) depicts a typical load out while blue indicates additional (maximum) loads. The single yellow-orange graphic on the LGB entry indicates the position of the required laser designation pod. Further information on each weapon can be obtained by clicking the weapon name link in the above table (a new window will be opened). Many of the air to ground weapons noted above are currently under development and not yet deployed thus any information given may change.

Air to Ground weapon integration is a more complex issue than Air to Air systems. Although the Eurofighter is a multi-role aircraft its primary function is as an air superiority (or dominance) fighter. Air to Ground services on the aircraft will be the last functions to be activated during the initial delivery stages. However each Eurofighter will be configured to deliver a number of standard weapons including; LGBs, ALARM and Iron bombs.
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As in any modern combat aircraft the Eurofighter Typhoon pilot requires as much information about the outside world as can possibly be obtained. That information needs to be delivered quickly and accurately to render it useful. To this end the Typhoon offers a suite of on-board sensors as well as being capable of utilising data from external platforms.



 AIS

Traditionally each sensor in an aircraft has been treated as a discrete source of information. However this can result in conflicting data and hence an increased pilot workload. Additionally it limits the ability to effectively automate systems. To overcome this the Typhoon employs what is now known as sensor fusion techniques (in a similar fashion to the U.S. F-22 Raptor). Considering that the Typhoon's avionics systems are still based on a typical distributed, or federated system (i.e. individual components linked via a standard databus) rather than a centralised architecture (which the F-22 has gone some way towards implementing) this seems like quite an achievement.

In the Eurofighter this fusion of all data sources is achieved through the Attack and Identification System, or AIS. The AIS combines all data from the major on-board sensors along with any information obtained from off-board platforms such as AWACS, ASTOR, JSTARS or even other Eurofighter's via the Multi-function Information Distribution System, or MIDS link. Additionally the AIS integrates all the other major offensive and defensive systems such as the; DASS, Navigation, ACS and Communications.

The physical design of the AIS comprises of essentially two separate units; the Avionic Computer (AC) and Navigation Computer (NC). These are linked via the STANAG-3910 databus to the other major systems such as the ACS, ECR-90/CAPTOR, PIRATE, etc. Both the NC and AC are identical in design and comprise a modular system based on Motorola 68020 CPU's with 68882 Maths co-processors. In addition several custom RISC based processors are utilised to accelerate floating point and matrix operations.

By having such a single source of information pilot workload should be reduced by removing the possibility of conflicting data and the need for cross-checking, improving situational awareness and increasing systems automation. In practice the AIS should allow the Eurofighter to identify targets at distances in excess of 150 nm and acquire and auto-prioritise them at over 100nm. In addition the AIS offers the ability to automatically control emissions from the aircraft, so called EMCON (from EMissions CONtrol). This should aid in limiting the detectability of the Typhoon by opposing aircraft further reducing pilot workload.



 CAPTOR / ECR-90
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The contract for Eurofighter's prime sensor system was awarded to EuroRADAR with the ECR-90 system. EuroRADAR is a consortium of partner nation companies comprising of; DASA, INISEL and FIAR, the group is led by GEC-Marconi (now BAE Systems). The ECR-90 was selected over competing units such as an upgraded APG-65 offered by Hughes. The first trials of the system (ECR-90-A) were carried out in the UK on-board a modified BAC-111 in January 1993. Problems were encountered during these tests which were traced to interactions between the radar and the Eurofighter's radome. The problems were subsequently fixed by an antenna redesign carried out by DASA. The first Eurofighter compatible model, the ECR-90-C was fitted to the German DA5 and tested in February 1997, two aircraft were successfully tracked. Both the DA5 and the British DA4 are acting as the ECR-90 development aircraft. Full development of the ECR-90 was frozen in February 1999 with the system now entering the production phase. This completion of production coincided with a name change for the system, ECR-90 will now be known as CAPTOR.

	Modern Radar

	The CAPTOR like many of its contemporaries is a mechanical system. It utilises a Travelling Wave Tube (TWT) to produce the microwave energy used to detect other aircraft, surface objects, etc. The microwaves are then focused and directed via a grooved flat (planar) metal antenna. This antenna is mechanically steered from left to right and up and down at speed to scan a volume of space ahead of it. In addition many modern air combat radar's (including CAPTOR) utilise Pulse Doppler techniques. The Doppler effect results in microwave frequencies being shifted either up or down depending on whether the target is approaching or receding from the radar. This aids in differentiating the moving target aircraft from stationary (or near stationary) objects or clutter such as birds, rain, surface features, etc. Additionally by varying the pulse type and repetition speed it is possible to optimise the radar for particular types of operation, hence the term, multi-mode pulse Doppler. With modern high speed signal processing it is even possible for a doppler radar to determine the type of target using a stored database of echo patterns.

Over recent years there has been a growing move towards wholly electronic, solid-state, solutions. Solid-state radar's do away with the TWT and mechanically steered array and instead utilise Gallium Arsenide Microwave Monolithic Integrated Circuits (MMIC) to create an Active Phased Array. Instead of steering the array mechanically it now becomes possible to shape and direct the beams electronically. This of course results in improved scanning rates (for example repositioning a beam within a 60° cone could be achieved in under 1ms) as well as the ability to carry out multiple types of scan simultaneously, e.g. air interception and ground mapping combined. In addition it offers improved ECM resistance and the potential for a greater field of view. Perhaps most importantly though solid-state arrays allow for so called energy management or LPI features to be introduced.



	

	

	

	


CAPTOR performance

CAPTOR is a third generation coherent X-band (8 to 12 GHz) multi-mode Pulse Doppler system developed from GEC's Harrier FA.2 Blue Vixen system. It offers twice the power output of the APG-65 combined with long range search and track and continuous illumination (for semi active missiles). The real time control software, written in ADA to MIL-STD 2167A comprises some 500,000 lines of code. The unit itself is highly modular comprising some 61 Shop Replaceable Items (or SRIs) and around 6 Line Replaceable Units (or LRUs) weighing in at 193kg. This should enable quick maintenance turn-around as well as simple upgrade paths.

The operating modes available to CAPTOR fall into three basic classifications; long range air to air, close range visual and air to surface. For long (beyond visual) range combat CAPTOR will automatically select an appropriate mode depending on the current situation. For example, long range look-up detection will typically find the system selecting a Low Pulse Repetition Frequency (LPRF). However for look-down situations a high pulse repetition (HPRF) will generally be used. For situations where both look-up and look-down need to be covered simultaneously or where range and velocity data is required a medium rate would be used. In addition CAPTOR will automatically initiate Track While Scan (TWS) for a list of targets (the exact number of possible tracked targets remains classified). The system employs Data Adaptive Scanning (DAS) to improve tracking of its selected targets while minimising unnecessary movement of the antenna. For close-in combat situations CAPTOR will automatically adjust its mode for a high precision single target track. A further useful function in this mode is the ability to slave the radar directly to the Helmet Mounted Sight. The resulting data can then be used to queue short ranged air to air weaponry such as ASRAAM. Finally CAPTOR has a range of air to surface modes including; beam mapping, sea and surface search, Ground Moving Target Identification (GMTI) useful for picking out moving surface targets such as armour, spot mapping and surface ranging. The Synthetic Aperture Radar (SAR) mode offered by Tranche-1 Eurofighter's gives a 1m resolution, test flights have occured reducing this to 0.3m (this improvement should be introduced for Tranche-2). As with the air to air and close range modes, air to surface modes can be automatically selected by the system as required. Just like most Typhoon systems VTAS provides the pilot with an easy way of communicating with the radar to manually change modes, alter target selection and the like.

In 1997 Marconi indicated CAPTOR had detected fighter sized aircraft at ranges of well over 160km and larger aircraft at double that. More recent information indicates the systems range accuracy is within 10 metres while it can obtain a target angle to within 1 miliradian. The system is capable of tracking 20 air targets simultaneously, automatically identifying and prioritising them. When in the track list the appropriate weapon can be automatically selected (a function in part of the ACS) and using auto-attack the aircraft can be flown under autopilot to a selected air target. All of these capabilities are designed to significantly reduce the workload of the pilot during combat operations.

Even though CAPTOR features a mechanically steered array, BAE Systems have indicated that the low inertia non-counterbalanced antenna coupled with four high torque, high precision samarium-cobalt drive motors allows extremely high scanning speeds. As a consequence of this the radar can interleave different operations such as air and ground mapping. This is quite an achievement for a non-phased array system.

CAPTOR is designed to be highly resistant to ECM and passive countermeasures. To this end it includes a unique separate (third) data channel exclusively for screening ECM sources. In extremely bad ECM environments the AIS should limit the effects of reduced CAPTOR information through its other data sources.

IFF - Identify Friend or Foe

The CAPTOR specification incorporates an Identify Friend or Foe capability. The system, developed by the UK division of Raytheon, Germany's DASA, Italy's MID and Spain's Enosa incorporates both the interrogator and a Mode-S Transponder. It was designed from the outset for NATO interoperability and is fully compatible with the IFF MK XII standard but is still upgradeable to future standards. As with the other avionics systems the IFF units utilise ADA for most of their code and incorporate built-in cryptographic functions. In addition the units are fully integrated with the other avionics sub-systems via a MIL STD 1553B databus and of course the radar itself.

CAPTOR also includes the ability to carry out non-coperative IFF, or Non-Cooperative Target Recognition (NCTR). Although no information has been released on how CAPTOR achieves this there are some possible techniques. One uses highly accurate range data to define a characteristic return pattern for an aircraft in a known orientation. An alternative method relies on a different but still characteristic return generated by exposed, rotating engine fan blades. The resulting data can then be compared to stored information and a match determined.

	LPI

	One the benefits to using a solid-state radar is the ability to control the energy emitted by the array, so called energy or signature management. For example by hopping between a number of frequencies in quick succession (so called Fast Frequency Hoping, FFH) the Power Spectral Density (PSD) is lowered. By lowering the PSD it becomes possible to (nearly) hide the emissions in background noise making it extremely difficult (but not impossible) to detect. This is termed Low Probability of Detection, or LPD. These techniques also reduce the likelihood of the signal being monitored or spoofed, this is termed Low Probability of Exploitation (LPE). These two capabilities combine to give Low Probability of Interception, or LPI.

Other LPI techniques that may be exploited with a solid-state active array include the ability to trade the peak power output against resolution, automatically reduce the peak power to a minimum for a given target and range and preventing the transmission of microwave energy towards a known threat. Of course though all these techniques will trade something to achieve LPI.



	

	

	

	


Future of CAPTOR ... AMSAR

In the next few years there will be a number of upgrades to the systems software till Final Operational Capability is attained. Following this a number of hardware upgrades are planned. These involve changing a number of both the shop replaceable items and line replaceable units. These upgrades will focus on improving resolution and ECCM capabilities. The next upgrades will see a switchover to off-the-shelf components. Even with these improvements there are a number of fundamental weaknesses in the CAPTOR's design such as; relatively slow scanning speeds compared to newer technology arrays, relative ease of detection, effects on RCS, etc.

To overcome these problems a project was launched in 1993 with 50/50 funding from the UK and France and technical input from Germany. This project termed, AMSAR or Airborne Multi-mode Solid-state Active-array Radar aims to provide the Typhoon and Rafale (and other future European air systems) with an entirely solid-state advanced active array (although the Rafale is equipped with a phased array radar, the RBE.2, it is a passive system rather than a solid-state active array). A consortium company was formed soon after called GTDAR (or GEC-Thomson-DASA Airborne Radar).
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The program has an intended length of 11 years and is split into three phases. The first two of these examined the feasibility and requirements for a new generation of active arrays as well as new methods for fabricating the expensive Microwave Monolithic Integrated Circuit (MMIC) modules. The target price for the modules is around £400 to £500 compared to several thousand at present. In addition a bench scale unit was to be constructed demonstrating the overall feasibility of the project. Both of these phases were completed by mid-1998 with the testing of a 144 module array utilising an advanced MMIC featuring a custom ASIC and a multi-layer ceramic substrate housed in a metal matrix composite unit.
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Following a successful demonstration of the 144 module array the British, French and German Defence Ministries have authorised the third stage of the project to proceed. This will see the construction of a 1000+ module full-scale unit which will subsequently undergo flight testing aboard BAE Systems's Canadair avionics test aircraft. If the project proceeds to schedule the unit will be competed in 2001 and flight trials will occur in 2002.

Although tranche-3 definition will not occur for some years it is highly likely that, assuming all goes well and the costs are kept down AMSAR will be incorporated. Such a system would yield very noticeable improvements in capability and further reduce the chances of detection of the Typhoon by opposing platforms. In addition the program combined with certain other European ventures (such as the UK's FOAS project) is going further by examining the integration of multiple arrays integrated into the aircraft structure, a so called Conformal Smart Skin Array. Using high speed wide band optical links and a centralised processing system the entire aircraft would become one giant integrated sensor. Although this will not be of any use to the Eurofighter it may well be deployable on its follow-on as well as FOAS.



 PIRATE

The CAPTOR is an active system, it operates by transmitting radio waves. Whenever the radar is operational the power it outputs can be detected by an enemy using a Radar Warning Receiver (RWR). Even Low Probability of Intercept (LPI) radar's such as the American APG-77 or European AMSAR risk detection. There are really only two ways to solve this problem. One method (which Eurofighter also makes extensive use of) is to utilise data gathered from other platforms such as AWACS, Nimrod, JSTARS, ASTOR or even other fighters. However this requires such platforms to be available and for the datalinks from those platforms to be jam resistant.

Passive detection

An alternative method is to use an on-board passive system for detection. The PIRATE, or Passive Infra Red Airborne Tracking Equipment is a 2nd generation Imaging Infra Red (IIR) system and performs this duty of passive detection. PIRATE is constructed by the EuroFirst consortium led by Pilkington-Thorn Optronics (now Thales Optronics).

The technology

PIRATE incorporates both a Forward Looking Infra Red (or FLIR) and Infra Red Search and Track (or IRST) capability. The system itself utilises a highly sensitive Infra Red sensor mounted to the port side of the canopy. This equipment scans across wavelengths from 3 to 11 µm in two bands. This allows the detection of both the hot exhaust plumes of jet engines as well as surface heating caused by friction. By supercooling the sensor even small variations in temperature can be detected at long range. Although no definitive ranges have been released an upper limit of 80nm has been hinted at, a more typical figure would be 30 to 50nm. The use of processing techniques further enhances the output, giving a near high resolution image of targets. The actual output from the system can be directed to any of the Multi-function Head Down Displays mounted within the cockpit. Additionally the image can be overlaid on both the Helmet Mounted Sight and Head Up Display.

The IIR sensor is stabilised within its mount so that it can maintain a target within its field of view. Up to 200 targets can be simultaneously tracked by the system using one of several different modes; Multiple Target Track (MTT), Single Target Track (STT), Single Target Track Ident (STTI), Sector Acquisition and Slaved Acquisition. In MTT mode the system will scan a designated volume space looking for potential targets. In STT mode PIRATE will provide high precision tracking of a single designated target. An addition to this mode, STT Ident allows for visual identification of the target, the resolution being superior to that provided by CAPTOR. Both Sector and Slave Acquisition demonstrate the level of sensor fusion present in the Typhoon. When in Sector Acquisition mode PIRATE will scan a volume of space under direction of another Typhoon sensor such as CAPTOR. In Slave Acquisition the use of off-board sensors is made with PIRATE being commanded by data obtained from an AWACS for example. When a target is found in either of these modes PIRATE will automatically designate it and switch to STT.

Once a target has been tracked and identified PIRATE can be used to cue an appropriately equipped short range missile, i.e. a missile with a high off-boresight tracking capability such as ASRAAM. Additionally the data can be used to augment that of CAPTOR or off-board sensor information via the AIS. This should enable the Typhoon to overcome severe ECM environments and still engage its targets.



 Other Sensor systems

Although the radar and FLIR are the primary sensor systems there are other data sources available within the Typhoon. Of these the most notable are the Radar Warning Receiver (or RWR), Laser Warning Receiver (or LWR) and Missile Approach Warner (or MAW). These three devices provide the AIS with additional information about the external situation. For example the RWR is capable of detecting and classifying, via an on-board stored signature database, radar signals from other aircraft or ground systems. In an aircraft with a reduced radar cross section (as is the case with the Typhoon) this should enable the pilot to detect opposing systems before he/she is detected themselves. In a similar manner an opposing aircraft (or ground system) using a laser range finder (or guidance system) is at risk of detection by the LWR. The active MAW incorporated within the Typhoon also gives information over a full 360° of approaching missiles thus giving that extra time required to take evasive manoeuvres.

The webmasters would like to thank Marconi Avionics (now BAE Systems), and particularly Jane High for providing information on the CAPTOR, AMSAR and the future of airborne radar.
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Being a single seat fighter, a lot of attention was paid to the design of the cockpit and its systems. As part of the testing and development of these systems a number of manned studies were performed. The result of this is a highly automated cockpit giving the pilot the correct information as and when required with little external prompting. This automation is enhanced through the Attack and Identification System which combines (or fuses) all the available sensor (both on-board and off-board) data thus reducing the pilots need to cross check information. All cockpit relevant information is processed by a single Teldix GmbH designed unit, the Cockpit Information Unit, CIU. This system, based on a modular design utilising 68020 processors and 68882 co-processors is fed via the STANAG-3910 avionics and -3838 utilities databuses and is designed to cope with the large amounts of data that will flow through the unit.

In early 1999 a call went out to the various companies involved in producing various cockpit systems. This call is for urgent updates to be examined and implemented bringing systems up to a post-2000 standard. One area understood to be undergoing upgrades is the Warning Panel (WP) which may now be AMLCD/LED based for example.



 HUD

The Head-Up Display (HUD) is probably the single greatest improvement in cockpit design since the first fighter was flown. Eurofighter's advanced wide-angle (35° by 25°) HUD is constructed by BAE Systems of the UK. Like all similar systems it utilises an angled semi-reflective screen directly in the pilots view through the forward canopy. The system is a development of a previous Smiths Industries/Royal Aircraft Establishment device which examined new wide angle technologies. The unit itself uses very little framing which in turn reduces problems with visibility in the frontal hemisphere.
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The HUD is capable of displaying a full range of flight symbology. From basic information such as aircraft altitude, velocity, heading, weapons mode, etc. through to specific targeting and systems information. For example, the navigation subsystem (more specifically TERPROM) can be used to project terrain following cues. Similarly each weapons mode will display specific HUD output. A free-fall weapon for example would display a CCIP (Continuously Computed Impact Point) marker, an air to air missile would display a tracking diamond, etc. Additionally output from the PIRATE IR sub-system can be directly overlaid onto the HUD allowing for enhanced display in poor weather without needing to look down at any displays. Like several of Eurofighter's systems, BAE Systems are developing an almost identical HUD for America's F-22 Raptor.

Forming part of the unit is a MIDS panel mounted just below the HUD. This system features a 24 line (10 column) LED based display for output of various mission and system critical data. Positioned next to this on either side are three programmable soft touch function buttons enabling quick access to required functions. Below the MIDS unit a number of other LED based displays are present such as; selected radio channel, left and right engine fuel, etc. As well as pilot orientated functions the HUD also incorporates the cockpit audio/video recording facilities using a Teldix GmbH supplied recording unit. This data, combined with sensor ouput and information from the on-board health monitoring systems is combined and processed using the Interface Processor Unit (IPU) also built by Teldix.

Computer Symbol Generator (CSG)

All the graphical output systems, the HUD, MHDDs and HMS are driven by a single Display Processor (DP). Built by Teldix GmbH, BAE Systems, ENOSA and led by Grupo Fimemaccanico, the unit is a dual redundant lightweight system. The unit is based on two 68040 processors and a custom Teldix developed ASIC. All the symbology used is completely alterable at the operational flight program level enabling different airforces to use their own graphics.



 Flight Helmet

Eurofighter's Flight Helmet (FH) is a sophisticated and highly integrated piece of equipment. It comprises the basic reinforced protective helmet shell, a Helmet Mounted Sight (HMS), Night Vision Equipment (NVG/NVE), microphone/headphones (for VTAS/system feedback) and Oxygen Mask. Overall responsibility for the helmet is down to Britain's Marconi Electronic Systems (now part of BAE Systems). The first fully flight certified model is expected to be ready for Eurofighter integration sometime in the year 2000. It is believed that like other Eurofighter systems it has been decided that certain changes will need to be made to the helmet to meet post-2000 equipment standards.
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Helmet Mounted Sight

The Pilkington designed Helmet Mounted Sight (HMS) for the Eurofighter was to be the first such fixed wing based system in use by any western airforce. However, both former East-German MiG-29's and now RAF Jaguars have such a system. Unlike the HUD which is of course fixed, the HMS projects information onto a semi-reflective transparent visor on the pilots helmet via two high resolution CRTs which can display raster, stroke and mixed output graphics. The output covers a 40° field of view and is fully overlapped ensuring the pilot does not miss anything in the centre of the output or the edges. As with the HUD the information displayed can include standard information on pitch, velocity and heading in addition to targetting and other data. To simplify the interpretation of the data both the HUD and HMS use the same symbology. Without much doubt the single greatest asset offered by the HMS is its optical motion tracking system. With an appropriately equipped high off-boresight missile (ASRAAM, IRIS-T, AIM-9X, etc.) or the aid of the PIRATE system a pilot can launch short range weapons over the shoulder. In addition it will be possible to project imagery from PIRATE (IRST/FLIR) directly onto the HMS.

Night Vision

Since the Typhoon is an all-weather day/night fighter it is of course necessary to ensure the pilot can operate in similar conditions. To this end the Flight Helmet incorporates Night Vision Equipment (NVE). This takes the form of two detachable CCD (Gen3 Omni4) cameras mounted on either side of the helmet, the output is then projected on to the visor giving the pilot stereoscopic views. The cameras can operate down to a mere 0.5 mlux allowing the pilot to see at all times of day and night in all types of weather.



 MHDD
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The Multi-function Head Down Displays (MHDD) comprise three (or six in duel seat Typhoons) colour AMLCD (Active Matrix Liquid Crystal Display) supplied by U.S. based dpiX (part of Xerox Corp.) and Planar Inc. and integrated by Smiths Industries of the UK. The model used, Eagle-6 is the latest generation of flat panel active matrix LCD developed over several years by dpiX and the U.S. Defence Advanced Research Projects Agency (DARPA). The display uses a quad-green pixel system which allows it to not only output colour images (including full motion video) but also high resolution monochrome images from the PIRATE FLIR. Surrounding each display will be 17 soft touch programmable function buttons screen enabling access to different display configurations and systems.

Each of the MFDs can be used for outputting data from a number of systems, including; the DASS, Radar, Laser designation pod output, systems information, weapon information, Moving Map Display, PIRATE output, etc. In practice a standard set-up would be defined for each monitor which would be selected automatically by the Eurofighter's systems given the current mission or situation. Unlike the Dassault Rafale or Boeing F-18E/F the Eurofighter does not feature touch sensitive screens (they were found to be prone to failure). Instead BAE Systems and its partners developed the VTAS solution (Voice, Throttle and Stick, see later).

Moving Map

Of particular interest is the Moving Map Display (MMD) typically output to the centre MFD. This uses digital terrain information to depict a graphical map of an area around the aircraft. The current position of the plane is obtained using the GPS and Inertial Navigation Systems. Through the AIS this map can then be overlaid with the complete air and ground picture surrounding the aircraft including target identification information. So this single display can give the pilot an almost unprecedented level of non-conflicting data enabling an effective attack (or retreat) strategy to be defined.



 VTAS (HOTAS and DVI)

Key to the level of integration and automation seen in the cockpit is the combination of Direct Voice Input (DVI, also known as Direct Voice Control, or DVC) and Hands On Throttle And Stick (HOTAS). Both of these systems are combined to give what is now known as VTAS or Voice, Throttle And Stick.

Direct Voice Input - DVI

DVI, Direct Voice Input is one of the key cockpit systems in the Typhoon. The module, provided by Smiths Industries of the UK forms part of the aircraft's integrated, CAMU supplied by CDC also of Britain. The first module was delivered by Smiths to CDC in May ready for integration into the first CAMU subsystem now under construction. DVI will be available in the first IPA series due in August 2001.

The speech recognition module allows for connected word voice recognition. Since the system needs to cope with a noisy in-flight environment as well as high-g stresses (effecting the pilots voice and speech) a robust system was required. To this end the unit incorporates various speech recognition algorithms including Markov pattern matching and newer neural-net techniques. The resulting system has a vocabulary of some 200 words, a response time of around 200ms and a recognition capability in excess of 95%. Each aircraft will have to be trained to recognise the voice of its pilot. This task will be achieved via a Ground Support Station (GSS) with the data transferred to the Eurofighter's on-board systems via a Smiths supplied Mission Data Loader.

DVI allows for voice control of some 26 non-critical systems such as radar mode switching, display switching, navigation tasking, etc. Combined with HOTAS the DVI system will remove the need for a pilot to look down at the displays in the majority of situations. In turn this should reduce pilot workload increasing platform effectiveness.

Hands On Throttle And Stick - HOTAS

HOTAS enhances the situation even further by incorporating 24 programmable buttons on the throttle and stick (12 on each). These buttons would be programmed to carry functions relating to both defence and offence, e.g. switching of DASS modes, weapon systems, MAS, return to level flight, etc. In addition the control column incorporates a pointer device for moving a cursor around each of the Head Down Displays.



 Ergonomics

A lot of attention was paid to the physical design and layout of the cockpit as well as its systems. A centrally mounted two axis displacement stick assembly is utilised with a side mounted throttle, both HOTAS enabled. The Stick and Interface Control Assembly, or SICA incorporates 4 separate 68020 processors and interfaces directly to the FCS.

To protect the pilot from glare, Smiths Industries supplied glare shields are fitted. The left hand shield fitted just above the left MHDD carries a comprehensive Warning Panel, or WP supplied by CDC of the UK. This provides for visual confirmation of system alerts, faults and status. The right hand shield fitted above the right MHDD carries an analogue artificial horizon and compass providing a back-up in the case of MHDD damage or failure. At this time one of the upgrades thought to be under way is the replacement of these analogue displays with more modern AMLCD or similar units. Certainly Smiths Industries have a large amount of experience in this area. Beside the pilot to the left and right are further non-combat critical functions such as radio, instrument landing system, etc.

A further feature of the right hand side WP is a small concealed, 75mm LCD panel. This unit can be flipped down in an emergency and displays critical information such as airspeed, altitude, etc. In addition it will also display a bearing to the nearest airfield.

Ejection seat

Eurofighter pilots will sit in a Martin Baker MK-16A zero-zero ejection seat semi-reclined at 18° (the Dassault Rafale also features the MK-16A system as may the Joint Strike Fighter). Like most Typhoon systems the seat, weighing just 89kg is state of the art featuring a fully micro-processor controlled ejection sequence, light aluminium/Kevlar®/Carbon Fibre construction and newly designed drogue and chute systems.
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The MK-16A features a number of new design features making it the worlds most advanced ejection system at the present time. In previous seat designs the ejection systems themselves (ejection gun/rocket motor) have generally been bolted on to the chair. However the MK-16 integrates these assemblies within the chairs structure. In addition both the ejection gun and the rocket motors have been redesigned from the ground up. Of perhaps even greater interest though is the presence of a fully computer controlled ejection sequence, the first generation of which appeared in the Martin Baker NACES seat for the U.S. Navy F-14 Tomcat.

The sequencing system employed here, manufactured by Litef of Germany is significantly more powerful than the NACES variant. The unit, incorporating its own accelerometers and pressure sensors (both static and dynamic fed by a pair of pop-out pitot tubes mounted to the sides of the headrest) is a triple redundant design with up to 300 seconds of data storage provided by Non-Volatile RAM (NVRAM) present on all three channels. In addition a clever on-board power generation system is included. This uses a pair of solid electrolyte battery packs. When the seat starts moving (before the utilities lines are severed) small charges are detonated within the sealed battery units. This generates heat intense enough to melt the electrolyte initiating power generation. Using this the system provides for up to 300 seconds of continued output from either pack.

Once the seat starts moving the sequencer takes over complete control of all the seats functions. The moment the seat clears the aircraft and the pitot tubes have deployed the sequencer decides which of three modes to enter via a hardwired look-up table. The choice depends on the seats altitude and speed, low level/low speed ejection's result in the main parachute being deployed within 0.5 seconds. For a high altitude ejection (5500m+/18000ft+) the sequencer enters suspend mode, re-checking its data every second. This allows for both conservation of battery power and reduces the time the pilot spends at cold high altitudes. For medium level ejection's (or upon reaching these altitudes following a high level exit) drogue mode is entered and the sequencer calculates the optimum point for releasing the main chute. The seat is capable of safe ejection from stationary ground level up to 18000ft+/Mach 2+ from -3g to +6g.

In most ejection systems the ejection gun (the apparatus which propels the seat from the aircraft) consists of an explosive charge which when ignited burns instantaneously propelling the seat at high speed (and high-g) from the aircraft. The MK-16 however features a solid rocket type propellant which accelerates the seat in a more linear profile, reducing the high-g loads exerted on the pilot. The system also has a bonus of allowing automatic adaptation to different pilot weights and distributions. For example the simplified version of the Typhoon's seat, the MK-16L allows for pilot weights from just 47kg to 111kg to be safely encompassed.

Once clear of the aircraft (a process taking around 0.46 seconds from the pilot pulling the ejection handle) the rocket motor sequence is initiated. The rockets themselves are designed for a fast burn cycle of around 0.25s while generating an instantaneous force of 20kN. The rocket assembly is designed to roll the chair to one side upon leaving the aircraft to enable safe chute deployment. This is achieved by oversizing one of the two nozzles fitted within the chairs base. In the two seat Typhoon each seat is designed to roll in opposite directions assuring safe ejection for both crew members.
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As well as advances in both electronic sequencing and rocketry the seat features a newly designed drogue and chute deployment system. In previous seat designs the drogue is generally attached by only a single line, however the MK-16's is connected via three resulting in superior stability control. The parachute itself (and the secondary unit) is a relatively standard design however to reduce space requirements the chute is packaged in an incredibly small volume (in a process taking three days to complete). An unusual feature of the MK-16 is the presence of aerodynamic surfaces on the seat itself. The primary reason for these pop-out surfaces (present on both the chute pod and lower seat sides) lies in the aerodynamics encountered upon leaving the Typhoon's cockpit (the close proximity of the cockpit to the fin would cause excessive g loads to be exerted on the pilot).

The seat itself also incorporates all the electrical and liquid/gas connections between the pilot and aircraft, e.g. primary oxygen supply, comms links, anti-g pressure supply, etc. All these links are automatically severed and sealed upon an ejection sequence start. Following ejection the seat provides a 30 minute emergency oxygen supply (which would also automatically activate and deactivate upon primary oxygen failure or reinstatement within the cockpit). Additionally the seat incorporates its own auxiliary pressure suit feed reservoirs ensuring the pilot remains comfortable at high/medium altitudes.

Although no MK-16 has yet been used in a real situation Martin Baker have carried out exhaustive testing at their rocket sled facility in Northern Ireland (see image above). Using a front fuselage mock-up of the Typhoon data can be obtained demonstrating the seats effectiveness at a range of exit velocities. Overall the seat should provide the Typhoon pilot with the best chance of survival should the worst happen.

Aircrew Services Package (ASP)

To enable operation at all altitudes, velocities and G-loadings the Typhoon features a range of Aircrew Services. A newly developed integral g-suit forms part of the cockpit specification. This suit incorporates not only the typical pressurised breathing vest but also External Anti-G (EAG) trousers. The system is fed via the UCS and aids the pilot during high-g manoeuvres by attempting to prevent a rush of blood either to the feet (+ve g loads) or head (-ve g loads). In addition the suit is liquid conditioned to improve pilot comfort in different arenas be they hot or cold, again this service is provided via the UCS. Combined with the anti-g suit the breathing system also compensates for varying g-loads by increasing the back-pressure during high-g operations (allowing the pilot to continue breathing relatively normally). In the event of the possible use of weapons of mass destruction the Eurofighter incorporates full NBC filtering systems. In addition the pilot can make use of a newly developed NBC suit which combined with the Flight Helmet offers total protection.

In mid-1999 the ASP offering most of the final operational capability became available and was retrofitted to the development aircraft.

The webmasters would like to express their thanks to Martin Baker Ltd. and especially Ann Winter for providing the information and material on the MB MK-16A Ejection seat.
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In designing the Typhoon the consortium partners had to keep in mind the hostile environment in which the aircraft may be operating. A fighter aircraft will not only be subjected to attack from enemy aircraft but also from increasingly capable ground based defences. In both cases modern anti-aircraft weaponry is becoming ever more advanced and not as easily fooled as they may have once been. Therefore the Eurofighter pilot has to not only engage and eliminate enemy aircraft but also deal with threats against their aircraft. Since the Typhoon is a single seat fighter this task is made even more critical.



 History of DASS

The original plan for Eurofighter's defensive systems was, like the other major systems, intended to be a collaborative effort between all the member nations. However by 1991 a fully integrated detection and protection system was looking to be extremely costly. This led an already cost sensitive German Government to withdrew from the joint project. Following this decision Spain also declined to continue with the project. This left Britain and Italy to form a joint, 60% GEC-Marconi (now BAE Systems) and 40% Elettronica consortium called EuroDASS, European Defensive Aids Sub-System which was subsequently awarded the £200M ($340M) defence system contract in 1992. This left Germany to initiate its own defence system projects including a new DASA developed Towed Radar Decoy (TRD). However it soon became clear that to reach a similar level of effectiveness to the joint DASS project would be prohibitive.

By 1995 Spain had decided to opt back into EuroDASS and a £29M ($39M) contract was signed with Elettronica to allow INDRA to participate. During 1997 tentative discussions also occurred between DASA and EuroDASS on re-entering the project. Problems occurred however on which systems would be utilised. For example DASA were keen for their TRD (which was still under development) to be used, however GEC already had a proven TRD in operational service with the RAF. In May 1998 a £180M ($276M) production investment contract was signed between Eurofighter and EuroDASS. In October 2001 the German Government announced its intention to place an order for DASS with EADS. This finally brings all four partners back into the EuroDASS consortium.

The modular nature of the DASS has also resulted in each consortium nation refining their individual DASS fits. At this time it is becoming increasingly clear that only the Royal Air Force Typhoon's will employ the full set of detection and counter measure systems originally envisaged. However this can be seen as being of potential benefit for overseas purchases who will be able to specify individual fits tailored to their requirements. An additional benefit of using such a modular system is that upgrade paths can be somewhat simplified. At the present time (mid-2000) discussions are already underway as to future improvements in the DASS architecture for each subsequent Tranche. This will lead to later Eurofighter's benefiting from complete 360° spherical detection and protection capabilities. However even in its current state DASS represents one of the most advanced self-protection systems available.



 Threat Detection

As is common with all the other sensor systems the Typhoon DASS is tightly integrated within the AIS. Therefore the system is able to access data not only from its own dedicated sensors but from all those available to the aircraft including off-board platforms via the MIDS datalink. All parts of DASS are controlled by the single Defensive Aids Computer or DAC. During development this unit, constructed by Teldix GmbH utilised Motorola 68020 CPU's. However each of the DAC units in production aircraft will utilise five specially packaged, ruggedised and hardened PowerPC processors supplied by Radstone Technology under a £2.35M contract to BAE Systems. This change will significantly enhance the processing capacity of the system and allow for simple future upgrades.

The DAC provides a fully automated capability to analyse and respond to any threat the Eurofighter may encounter. For a single seat fighter this should prove extremely useful. Through the DAC and AIS the pilot can obtain a 360° threat picture around the aircraft including target identity and even their zones of lethality. The data can be output to any of the MFDs or be viewed along with all the available sensor data via the Moving Map. Additionally the CAMU system is utilised to provide both verbal and simple audio warnings of current threats.

Radar Warning Receiver (RWR)

One of the fundamental sensors available to a modern fighter is its radar. However the use of such a system also puts an aircraft at risk since, as an active system it emits electromagnetic radiation. The DASS is equipped with Radar Warning Receivers (RWRs) designed to detect such emissions. The particular units used are Super Heterodyne (SuperHet) based wide-band receivers and are located in the port side pod (both front and rear) and within the aircraft's fuselage giving full 360° coverage in azimuth (elevation coverage is currently unknown).
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These units are combined with on-board processing systems enabling not only a bearing to be determined but also the likely type of radar (and thus the platform it is deployed on). This is achieved using a stored database of radar signatures forming part of the ESM, Electronic Support Measures suite. Through the use of high speed digital signal processing the ESM will attempt to map the detected emission to its database. One of the weaknesses of current (and more so older) RWR systems is a difficulty in countering Low Probability of Intercept (LPI) enabled emissions. These use various techniques to try and hide the emitted signal. Although it is unclear whether the DASS RWRs possess a capability to detect and classify such emissions it is known the Marconi (now BAE Systems) have been working hard in this area for some time.

Missile Approach Warner (MAW)

Although the goal of any fighter pilot is to remove an enemy before they have fired there will of course be occasions when this is not the case. To enable tracking of such missile launches the DASS incorporates three Missile Approach Warners (MAW), one each in the port and starboard wing roots (near the cockpit) and one in the rear fuselage (near the tail). The units are derived from the Plessey PVS2000 MAW which utilises an active, pulse-doppler radar for detection. Since the units are active they are able to detect not only radar guided ordnance but also passive weapons such as infra red guided short range missiles. To increase the effectiveness of the system the MAW is also directly linked to the flare launchers allowing an instantaneous response to a local launch.

Two possible upgrades to the MAW system have been discussed as part of on-going DASS improvements for inclusion on either Tranche-2 or more likely Tranche-3. The first of these is a UV based system. These were discounted for the initial install of DASS because GEC-Marconi thought the technology immature at the time. A UV system detects the characteristic emmisions from the missile plume. The advantage is it can be highly discriminating against counter measures. However since it is reliant on detecting the plume of the missiles engine its primarily useful only during the burn phase.
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The second and more likely potential replacement, announced by Germany's Bodenseewerk Geratechnik (BGT) in June 2001, is termed PIMAWS, or Passive Infra-red Missile Approach Warning System. PIMAWS began development in 1997 as an advanced technology demonstrator jointly funded by the German Ministry of Defence and BGT, the project is due to complete in 2003. The system is intended for installation as Line-Replaceable Units in both of the wing-tip pods achieving full spherical coverage. The detector portion of the system is a step-stare infra-red sensor operating in the 3-5µm frequency range allowing for both air to air and surface to air missile detection up to the post-burn-out phase. All the resulting data is fed into a custom designed image processing system utilising a Systolic Array Processor and DSP. Over 64 targets can be tracked simultaneously and through a built-in threat library they can also be determined. All the resulting data can be fed via a STANAG-1553B databus to the rest of the avionics, here one unit acts as the master the other the slave. This should allow the information to be fused with the other AIS sources. Although ground tests have been carried out and flight tests are scheduled for October 2001 no decisions have been reached by EADS or the partner nations as to whether PIMAWS will be integrated into Eurofighter. 

Laser Warning Receiver (LWR) : RAF only

It is not uncommon to find aircraft fitted with laser range finding equipment to accurately determine distances. There are also laser guided weapons available which ride the beam to their target. To counter such threats the RAF Typhoon's will be equipped with a Laser Warning Receiver, LWR. Mounted below the nose the units will be capable of detecting any incoming laser radiation and determine its bearing.



 Protection
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As well as providing a set of dedicated sensor systems to detect any threats to the Typhoon the DASS also incorporates a full range of countermeasures. Through direct links with the DAC and AIS these countermeasures can be automatically engaged as required although the pilot can also utilise them at will utilising the VTAS system. Many parts of the DASS are located within wing tip mounted pods, including the ECM/ESM systems, TRDs and two RWRs. To enable quick maintenance and turn around times these pods are fitted as Line Replaceable Units (LRUs).

Chaff and Flares

	Countermeasure Basics

	Since the development of radar by Britain and Germany before World War II there have been numerous developments in the technology used to defeat it. The first such system, developed by Britain (and also by Germany) code-named Window is the now familiar and most basic defence, Chaff. This comprises thousands of small pieces of aluminium cut to a length appropriate for air interception radar frequencies. These shards when dropped by an aircraft can lead to false returns appearing on the enemy fighters radar. Although this technique is now quite old it is often still very effective. However, modern radar's featuring modern digital signal processing will be fooled far less easily than they once were. It is therefore now typical to find active radar countermeasures being deployed, referred to as Electronic Counter Measures. These emit radio frequencies in such a way as to either fill the enemy radar with noise (so called noise jamming) or by causing false echo's to appear (known as false target or repeater jamming). Although increasingly sophisticated ECM techniques are now available the newest radar's have also advanced and are less likely to be spoofed. To this end several companies now produce Towed Radar Decoys which can be externally deployed by an aircraft. These can then either jam an opposing radar or simulate a potential target, luring any missiles away from the aircraft.

Radar is not the only concern of countermeasures in modern air combat, there is also a threat from passive Infra Red guided weaponry. As with Chaff a very simple defence in the form of pyrotechnic flares tuned to emit radiation at similar frequencies to the jet exhaust of a fighter have been deployed for many years. However as with chaff modern IR missiles and detectors are likely to be less easily fooled by such techniques. To help overcome these problems alternative systems have been developed. These include expendable decoys such as Texas Instruments GEN-X or active measures such as DIRCM, or Directional Infra-Red Counter Measures which uses a laser to overpower the infra red seeker of a missile or other detector.



	

	

	

	


Although almost as old as radar itself chaff is still one of the fundamental defences available to a fighter aircraft. The Eurofighter's DASS includes internally carried Chaff dispensers within the outer (short range missile) wing pylons thus freeing the pylons for weapon carriage. The system can be controlled automatically by the DAC and AIS or manually by the pilot. In addition the on-board ECM generators can be used to illuminate the chaff cloud with a radio beam becoming what is termed Jaff. This increases the performance of the otherwise passive chaff substantially but even here the usefulness of chaff is being eroded by modern active radar missiles and digital signal processing techniques.

The development of Infra Red guided weaponry also led to the deployment of a simple yet effective counter in the form of pyrotechnic Flares. As with the chaff, the DASS specification includes flare launchers carried internally within the inboard wing fairings. The system can be operated in three ways; manually by the pilot, automatically by the DAC and, in response to an immediate threat, by the Missile Approach Warner's. The release pattern is automatically controlled to minimise the risk of the incoming missile recognising the flares for what they are. However, against missiles featuring an imaging capability such as the Russian Vympel AA-11 and more so ASRAAM, Python-4, IRIS-T, etc. the effectiveness of flares may be substantially eroded.

Both the chaff and flare dispensers will be supplied by SAAB Technologies of Sweden in the form of their BOL dispenser. This is basically a cylinder containing chaff or flare packages. These individual packets are moved along the container electro-mechanically before being dumped out the rear and into the aircrafts slipstream where they disperse. The system is fully self-contained and has a proven record being in use with several European air forces as well as the U.S. Navy. Additionally the BOL system is not limited to simple chaff/flare packets but can carry a range of different expendable decoy systems.

Electronic Counter Measures (ECM)

Although chaff is a simple and often effective counter measure against enemy radar there is a further, active, method. This comes in the form of Electronic Counter Measures or ECM which essentially emit radio frequency energy directed at the threat. The aim of such a system is to either fool the opposing radar into thinking the aircraft is somewhere else or overpowering it completely thus rendering it useless.

The basic DASS specification includes a radio frequency jammer located in the port side pod allied with the DAC and ESM systems, including a techniques generator. When combined with both the DASS and other sensors the on-board techniques generator can deploy an appropriate type of jamming for the current threat. Although the exact specifications of the system are classified the system should be capable of decoying and jamming all types of modern radar; Continuous Wave (CW), Pulse and Pulse-Doppler. The form of ECM generated can be altered on the fly by the DAC as and when required.

At this time it is still unclear whether the Cross Eye (X-Eye) system developed by Italy's Elettronica will be deployed as part of the base ECM specification. This system uses two widely spaced radio frequency emitters (one in each wing tip pod) to generate two identical repeater type jamming beams. These can be directed at an incoming missile or aircraft and under tight control they can cause a significant aiming error within the opposing systems radar. This should result in the opposing missile or aircraft believing the Eurofighter is in an entirely different location.

Towed Radar Decoy (TRD) : RAF only
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One of the most recent additions to the arsenal of active radar counter measures is the Towed Radar Decoy or TRD. These systems deploy a unit externally from the aircraft on some kind of cable. As part of the basic Royal Air Force specification the DASS incorporates either one or two TRDs (the number is dependent on other systems present in the starboard pod, i.e. Cross-Eye) as standard. The units will be carried in the Starboard side pod and will be capable of being recovered or jettisoned as the situation may dictate.

The RAF's DASS TRD is to be a development of BAE Systems Ariel system which has already been successfully deployed on RAF Tornado's and Nimrod's. The major physical difference is a decrease in the overall size enabling carriage within the Typhoon's pods. The unit is deployed from the pod on a 100m Kevlar® cable containing a Fibre Optic (FO) link and a separate power distribution line. Through the FO cable the DAC's techniques generator can send commands to the decoy based radio frequency emitter. The TRD can produce a range of jamming techniques to fool or lure the missile away from the aircraft.

So far the DASS TRD has been successfully deployed at both subsonic and supersonic velocities aboard the DA2. The final system will be cleared using BAE Systems IPA1 during the later stages of trials beginning in 2002. It is also possible that other Towed Decoys will be deployed on non-RAF Eurofighter's. In particular DASA's Sky Buzzer system may be made available at some future point.
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As with any modern aircraft the Typhoon is reliant on many systems for flight. Of greatest importance here is the Flight Control System. However are several other systems of note including various utilities and navigation systems as well as the integrated health monitoring system.



 Flight Control System (FCS)

The design of the Typhoon is such that without input to any control surfaces the aircraft will pitch up during flight extremely quickly. Although this improves the agility of the aircraft it also requires a system to enable controlled flight to be maintained. This is achieved through the Fly By Wire (FBW) Flight Control System (FCS) developed by a number of companies from the partner nations. With this system the pilot has no direct link to any of the aircraft's control surfaces. Instead, all movements of the throttle, stick or pedals are interpreted by the FCS and an appropriate control response taken. There is no manual reversion in case of FCS failure and thus it must be extremely robust.

Flight Control

The FBW FCS is a quadruplex Active Control Technology (ACT) fully digital system. Each of the four (quadruplex) FBW units comprises eight 68020 CPUs. In addition to these processors there are a number of additional ASICs (Application Specific Integrated Circuits) which handle the more critical tasks. Each box has a STANAG-3910 high-speed optical databus for connection to the main avionics systems, a STANAG-3838 bus for connection to the UCS bus as well as proprietary high speed links to each of the other boxes. The FCS software itself is a combination of SPARK ADA with the more time critical elements utilising 68K assembler. Self diagnosis software is included. Each of the four FBW units weighs just 10kg including all necessary interfaces. The physical Fly By Wire system is the responsibility of ENOSA, GFSA and Bodenseewerk Geratetechnik (BGT) under the leadership of BAe Systems.

	Fly By Wire

	Until quite recently all aircraft (military and civilian) were flown by direct mechanical links between the pilot and each control surface. However an increasing number of aircraft now feature fly by wire controls. They have this either because they need it to fly or because it offers superior response times or automation. Fly By Wire itself though is not new. The first production aircraft to use FBW was to be the Panavia Tornado, it was however beaten into service by the F-16 Falcon.

There are two ways of implementing Fly By Wire, analogue based systems and fully digital systems. The first units deployed were wholly analogue in design. Although perfectly acceptable and highly capable the analogue systems are not easily modified to accommodate changes in the aircraft (such as weight increases, movement of control surfaces, etc.). In the 1980's western companies such as Boeing, McDonnell Douglas and British Aerospace introduced fully digital control. This has the potential for simpler (software based) updates and an improvement in data throughput.



	

	

	

	


The FCS software is now the responsibility primarily of BAe with involvement from DASA. This follows earlier BAe, DASA and CASA efforts on the first version software which resulted in delays and problems. The system achieves its job through a complex model simulating the Eurofighter's dynamics. The model takes a number of external and internal parameters such as static and pitot air pressure and temperature (via the Air Data Transducers) as well as the aircraft's pitch, yaw, roll and velocity. When the pilot makes a control input, say pulling the stick back, the software computes the optimal flight control surface response given all the current data. The resulting signal is then fed to the appropriate servo actuator. The Typhoon is the first production aircraft to use Direct Drive Actuators for hydraulic control. Instead of requiring separate power and control signals these instead use the high current control signal to provide power.

Benefits of FBW

One of the benefits of such a system is the ability to program the aircraft's flight envelope characteristics directly into the FCS. By doing this the pilot is prevented (without manually overriding the system) from pushing the plane outside its stress/strain limits, e.g. by pulling to sharp a climb or too tight a turn. This capability has become known as care-free handling and it removes the need from the pilot to constantly monitor their own flight actions. In a similar way it is possible via the FCS to compensate for external factors such as gusting which can suddenly lead to loss of aircraft control. In an aircraft with a low wing loading like the Typhoon this can be a particularly important issue. A very useful function built into the Eurofighter is a single button push Return To Level feature. Upon pushing this button, part of the VTAS function set, the aircraft is automatically returned to nose-up, wings level flight with the throttles set at an intermediate position.

As well as providing what may be thought of as direct flight controls the FCS also provides for automation of flight. Of course the typical function is a simple wings level, constant air speed auto-pilot. The Typhoon however adds substantially to this thanks to the level of integration between systems. So in addition to the standard auto-pilot the Typhoon incorporates the following other automates; auto-throttle, auto-approach, auto-attack, auto-waypoint (or auto-CAP) and auto-track. Of these the most interesting is probably auto-attack. When in this mode the FCS will attempt to fly the aircraft towards the currently tracked target.

Future of the Typhoon's FCS

When the first Eurofighter's are delivered to the airforces of the four partner nations the FCS they contain will be a preliminary edition. To this end the software will be upgraded in three stages between 2001 and 2005. The first, Tranche-1 deliveries of Typhoon will be fitted with Production Software Package 1 (PSP 1). This is primarily aimed at enabling enough aircraft facilities for training and conversion of pilots. This will be followed by PSP-2 which will enable the MIDS datalink and various aspects of DASS. The final installment, PSP-3 should become available as the first squadrons form in 2005. This will see full sensor and sensor fusion capabilities in addition to the remaining DASS and cockpit modes. For the RAF models additional software will be made available, also by 2005 to enable full air to ground modes. Beyond this additional flying time will no doubt open up further refinement and upgrade possibilities.



 Navigation

Any modern fighter operating both day and night and in all weathers needs an accurate way to determine its position. To this end the Eurofighter contains several such systems to ensure an accurate position can always be calculated. The most common method for navigating aircraft relies on accelerometers and gyroscopes, so called Inertial Navigation Systems (INS). The Typhoon is equipped with a Litton Italia LN-93EF laser gyro INS (or LINS) and accelerometer package with an accuracy better than 1nm/hr (one nautical mile per hour of flight). In addition military specification Global Positioning System equipment is fitted enabling the aircraft to determine its position within several meters anywhere on Earth. By cross referencing the INS with the GPS data it will be very hard to get lost in a Eurofighter.

To prevent a Eurofighter pilot from having un-timed (and typically hazardous) contact with the ground the aircraft is fitted with two additional systems. A microwave altimeter (effective through one or two thousand feet) provides highly accurate data on the Eurofighter's exact height above the ground. In addition the latest generation of BAe's flight proven TERPROM system, TERPROM® II, or TERrain PROfile Matching system is to be fitted which provides digital terrain elevation maps of the Earth's surface. The TERPROM software via either continuous or discontinuous updates from the aircraft's LINS, GPS and radar altimeter provides drift-free navigation. Perhaps more importantly TERPROM can provide automatic terrain following and terrain elevation prediction without the continuous use of the radar altimeter (which may give away the aircraft's position). For example, should a pilots request to bank result in the aircraft hitting a cliff face TERPROM will give audible warning of the danger.

Finally to enable landings in all weathers both day and night the aircraft is fitted with standard microwave Instrument Landing System equipment.



 Communications

As with any aircraft there is of course an essential requirement for communications equipment. The Typhoon features an integrated system termed CAMU, Communications and Audio Management Unit. This single sub-system comprises not only the major off-board communications equipment but also integrates the DVI and audio synthesis modules as well.

In terms of off-board communications the Typhoon features the normal systems you would expect to find in a modern aircraft. In June 1999 an order for radio equipment was placed with Germany's Rohde and Schwarz leading a consortium of companies including BAe Systems, ELMER and Enosa. The systems they will supply, having been specifically designed for the Typhoon will enable open and encrypted VHF/UHF communications. The units have been designed for NATO interoperability and feature the latest techniques in Low Probability of Detection and Exploitation via the SATURN, Second-generation Anti-jam Tactical UHF Radio for NATO system and NATO based encryption algorithms.

Perhaps of more interest though are the DVI and audio modules. DVI provides for direct voice interaction between the pilot and the aircraft's systems (covered in more detail on the Cockpit page). As well as the pilot being able to verbally interact with the systems the aircraft can also respond verbally, similar to the so called "Bitchin' Betty" (or "Naggin' Nora in the UK) present in many aircraft for some time. This is achieved through a series of modules supplied by Spain's Enosa. The system contains around 200 stored warning messages which can be replayed in either a female or male voice upon request via the integrated avionics system.



 Health and Maintenance

The Eurofighter is the first military aircraft to incorporate a true health monitoring system. The airframe of the aircraft incorporates twenty stress monitoring sensors. These sensors collect information every 1/16th of a second and send it to a central processing and data storage apparatus. The data from the airframe sensors is augmented with additional data from the EJ200 propulsion systems own sensors. This system cuts maintenance times considerably by allowing the ground crew to spot potential problems long before they become serious. In the event of a serious accident a BAE Systems supplied crash survivable unit is present along with a CDC supplied voice/video recorder allowing data analysis of the event to be carried out.

As well as incorporating extensive self monitoring systems the Typhoon is also built for fast turnaround. A typical groundcrew of 4 personnel can change-out a single EJ200 engine in only 45 minutes. A typical operational turn-around can be performed in 25 minutes with 6 personnel.



 Utilities

In keeping with the level of integration present in the other Typhoon systems the utilities components are also tightly combined and highly automated. The suite of utilities is combined under the Utilities Control System, or UCS, the primary contractor being Italy's Alenia. The UCS can however be broken down into several sections.

Electrical Systems

The Typhoon has essentially two electrical systems, the primary power generation and distribution system and the secondary systems (including the auxiliary power unit). Primary power is supplied via the engine turbines through a LucasVarity/BAe Systems supplied distribution and rectification system. Using this electrical power can be supplied at a number of voltages and AC phases as well as supplying a DC output. The DC system is fully redundant with two back-up rectifier units in case the two primaries fail. Additionally a DC battery source is available in emergencies as well as to power up the APU.

The secondary system provides a back-up using air-driven turbines in case of total engine (or engines) failure or partial (gearbox, turbine, etc.) failure. Since the Typhoon is designed for autonomous operation the aircraft includes an Auxillary Power Unit, or APU as part of the secondary system. Before the engines are started the APU generates all the AC/DC power required to operate the aircraft's systems. The engine start systems, supplied by AlliedSignal and Microturbo are also powered by the APU.

Hydraulic Systems

Hydraulics are of course essential to the integrity of an aircraft. In the Eurofighter's case there are eight separate systems requiring hydraulic supply, they are; flight control surface actuators, undercarriage, brakes, nose wheel steering system, air intake (moveable lower cowl) control, cockpit canopy, air-refuelling probe and the the Mauser BK27 cannon.

Since the loss of hydraulic power would render the flight control surfaces inoperable (let alone preventing undercarriage deployment and retraction) the Typhoon includes two, fully redundant hydraulic systems each of which incorporate flight control isolation valves. Therefore a failure in one of the other systems should not lead to the loss of hydraulic power for the control surfaces. Both systems are supplied by engine driven gearboxes.

Fuel control

There are several storage areas for fuel in the Typhoon, these include two centre fuselage mounted tanks as well as tanks within the wings. In addition external tanks can be carried on three hardpoints (one on each wing and one on the centreline position of the fuselage). To enable long range continual flight a retractable fuel probe (for drogue and probe compatible refuelling, i.e. non-USAF NATO airforces) is incorporated in a small compartment just below the cockpit on the starboard side. Regulation, monitoring and control of the fuel system pumps is handled automatically. The current remaining fuel can be graphically displayed via any one of the MHDDs.

Environmental Services

In common with the other utility systems the environmental controls are also designed with autonomous operation in mind. To this end the Typhoon is equipped with its own oxygen generation system based on molecular sieve (fed by engine bleed air) technology and supplied by Microturbo. This unit provides all the filtered air required allowing operation in situations where NBC (Nuclear, Biological, Chemical) agents may be present. Since the system uses engine bleed air operation of the O2 generator before engine start relies instead on the APU for air supply.

On top of supplying breathing air both to the pilot and the anti-G suit the Environmental Control Services also provide for systems cooling and conditioning. For example the the ECR-90, FLIR sensor and the conditioned anti-g suit must all be cooled. In addition the avionics bay systems must also be conditioned to maintain proper operation. To provide for this liquid refrigerant systems are present with the planes fuel acting as the primary heat sink.

The webmasters would like to express their thanks to BASE and particularly Chris Tear for providing information on TERPROM.
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