
Today, clean-sheet UK military aircraft designs are few and far between. 
But DART Jet is bucking the trend with an innovative modular basic/
advanced training systems concept. Chief Designer, TRISTAN
CRAWFORD, explains the design philosophy behind the project.
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DEFENCE
Dart trainer

Aiming for a 
bullseye

Could this be the 
Red Arrows in 
2025?

D
o we still need jet trainers, let alone 
clean-sheet ones? There is plenty 
of evidence suggesting that future 
military air power will focus on 
unmanned systems, begging the 

question whether there is a future for fast-jet fl ight 
training. Looking at the bigger picture, however, 
the operating costs of unmanned vehicles is set to 
increase signifi cantly if used in contested airspace 
which, together with the increasing challenge of 
fi nding suffi cient pilot resource and the mounting 
political nervousness around unmanned warfare, 
means that we are some decades away from 
U(C)AVs overtaking the world’s 20,000 or so strong 
fl eet of fast-jet defence capability. 

And the need for a clean-sheet design? Alenia 
Aermacchi, Yakovlev and Lockheed-KAI have 
developed supersonic, ‘4·5’ generation fi ghter 
performance training aircraft, such as the M346, 
Yak 130 and T-50 respectively, to transition 
students into F-16s in Europe, F-35s in the US and 
the Sukhoi Su-27/30 and MiG-29s of Asia-Pacifi c. 
These jet trainers are truly superb designs, however, 
they are high-performance solutions that have little 
commonality with far more basic trainer types for 
helping transition students into advanced training. 
At the other end of the scale, Pilatus offers the 
superb PC-21 turboprop trainer as a cost-effective 
alternative to jets for both basic and advanced 
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Hawk T2 has given 
the 40-year-old 
trainer a new lease 
of life. But can it 
compete with more 
modern offerings?
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the operator require to achieve the quickest and 
safest route to an operational conversion unit to fl y 
a front-line, fourth or fi fth generation fast jet.

Since today’s young pilots grow up in a world 
where intuitive interfaces are the ‘norm’ for 
practically any manner of data-driven task, DART’s 
fi rst core module is a mission management system 
(MMS) that the student and the instructor use to 
plan, brief, fl y and de-brief everything from basic 
fl ying training sorties to multi-threat, swing-role 
missions. For each mission, the student uses the 
MMS to plan the fl ight, accessing maps, weather, 
check-lists and NOTAMs, mission and equipment 
tutorials, intelligence briefi ngs and play-back of 
learning events from previous missions. Moreover, 
the student takes the system with him or her 
via a secure tablet made available at controlled 
locations wherever the student is in the world (‘train 
anywhere’). When the time comes to fl y the mission, 
the student ‘docks’ the tablet into the aircraft to 
download their mission planning into the aircraft. Of 
note is Airbus’s similar concept for its future fl eet of 
EFan 2.0 training aircraft.

The MMS also recognises that no two students 
are the same and allows instructors to tailor and 
control the order in which they present training 
modules to suit the strengths and weaknesses 
of each individual. This will give instructors more 
control in adapting the course to reduce the number 
of students going on review/being ‘chopped’, once 
investment in the student has become signifi cant. 
It also allows instructors to adapt and improve the 
course as it is delivered.

DART’s next core module is the cockpit 
interface and is critical in being the means by 
which the student delivers a successful mission in 
the aircraft while also conditioning the student’s 
display monitoring habits and selector refl exes 
when it comes to fl ying more complex aircraft later 
on. DART’s cockpit interface module is, therefore, 
a single-piece display confi gured to represent the 
cockpit layout of whichever downstream aircraft the 
student is being trained for, combined with HOTAS 
(hands-on throttle and stick) inceptors connected 
to a fl y-by-wire fl ight control system. As such, the 
stick inceptor is itself a module capable of being 
wired into the cockpit as either a centre or side-
stick depending on whether the target aircraft is, for 
example, an F-16 (side-stick) or a Typhoon (centre-
stick).
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training phases. Such mid-range trainers tend to 
require students to spend more transition time in 
the basic phase mastering their high performance, 
while not being capable of teaching students the 
high-energy, high-alpha manoeuvring available from 
jets during the advanced and lead-in fi ghter training 
(LIFT) phases.

BAE Systems came to the market in 2004 with 
the Hawk Mk128 version as the Hawk T2, that is to 
say all of the latest embedded training software and 
4·5 generation fi ghter cockpit capability with none 
of the amortisation and risk required for sustaining 
an all-new aircraft programme. However, the T2 
was recently dropped by BAE’s partner Northrop 
Grumman in the bid for the USAF’s future T-X 
aircraft requirement, probably due to the Hawk 
having no high-alpha capability, nor having little 
further capacity for role extensions in the future,  
being limited by what the airframe will allow in terms 
of wing-loading and engine size without a full 
re-design.

With the cost of fast-jet training always a clear 
target for budget cuts, what is needed is a clean-
sheet design that delivers the full breadth of fast-jet 
training capability while at the same time slashing 
the total costs of ownership for customers. This 
can be achieved if a single aircraft type could cover 
all phases of training from basic, advanced to LIFT 
phases (it is assumed that elementary fl ying training 
is not concerned here) and therefore deliver huge 
savings in the costs of transition training, spares, 
maintenance training and mid-life upgrades. Such 
a system would certainly attract healthy orders for 
the next 30 years or more. The question is, can it be 
done?

A modular approach

Taking inspiration from the world of commercial 
aerospace, the DART Training System is designed 
to answer that question with a resounding ‘yes’. 
Companies such as Airbus use the natural 
modularity of commercial aircraft, with their podded 
engines, tubular fuselages and interchangeable 
fl ight decks, to ‘fl ex’ their aircraft type during 
production to meet both ends of the available 
market without investing in several different aircraft 
types. DART takes the same modular approach 
to the jet training system to cover all training from 
basic through to LIFT phases, while delivering 
the step-change in total cost of ownership that 
the market is looking for. It is this modularity that 
enables DART to be generations ahead of the 
current offering of either high-end LIFT or fast 
turboprop trainers.

DART: a training system

The modularity of the DART Training System starts 
not with the aircraft but with what the student and 

BY TAKING 
THE SAME 
MODULAR 
APPROACH..., 
IT IS POSSIBLE 
TO HAVE ONE 
SYSTEM THAT 
COVERS ALL 
TRAINING 
FROM BASIC 
THROUGH TO 
LIFT TRAINING 
WHILE 
DELIVERING A 
STEP-CHANGE 
IN THE TOTAL 
COST OF 
OWNERSHIP
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Dart trainer

The aeroplane

Together with the MMS and cockpit interface 
modules, the DART training system requires a 
modular aircraft vehicle through which the student 
can deliver any mission from basic to advanced 
and LIFT missions. As such the aircraft must 
cope with everything from trainee aerobatics and 
hard landings through to supporting sustained-g, 
high-alpha manoeuvring, real-life fused radar and 
sensor information and release of live and/or virtual 
weaponry. 

DART achieves this with the aircraft’s probably 
most important module, a single-engine ‘pod’ 
comprising a self-contained turbojet, inlet and 
nacelle that is used across all variants of the type. 
The engine pod is able to accommodate a range 
of commercially available turbojet types in the 
3,500lb to 6,000lb ISA SL static thrust range, 
depending on what level of performance and cost 
customers require. This architecture is critical, as 
it gives operators a massive advantage in engine 
maintenance training and spares commonality 
compared to mixed fl eets, while also allowing 
students to progress straight into handling jets at an 
early stage. The engine pod is fully ‘nested’ into the 
fuselage to ensure that interference drag and offset 
from the aircraft’s centre of gravity is minimised.

The benefi t of a self-contained engine module 
is that the DART aircraft can now use virtually 
the same fuselage across basic, advanced and 
LIFT training, drastically cutting airframe design 
and development costs and, therefore, reducing 
acquisition costs for the customer. This approach 
is possible because a trainer’s fuselage does 
not need to differ signifi cantly depending on 
whether the aircraft is a basic, an advanced or 
even a LIFT trainer, since it always has the same 
general requirements, i.e. ideally a tandem seating 

arrangement that gives the instructor as well as the 
student excellent forward visibility and the ability to 
accept a range of forward fuselage confi gurations 
accommodating either simple or advanced avionics 
suites, including a simple radar, if required.

DART’s fuselage, therefore, comprises a modular 
nose section for either simple or advanced avionics 
and radar suites, a forward fuselage and cockpit 
layout common to all types, and a common centre 
and rear fuselage and vertical tail-plane stressed 
to accommodate the severest design load-cases 
introduced by different outer wing and horizontal 
tail-plane modules that defi ne the aircraft as either 
a basic, advanced or LIFT trainer. These modules 
will introduce several structural and aerodynamic 
changes arising from different leading-edge sweep 
angles and spans. However, the variability of these 
parameters will, in reality, be small, varying between 
zero and 30° leading edge sweep and between 
9m-10m wingspans for a high subsonic operating 
envelope and structural loading between +9g 
and -3g. Max take-off weights will range between 
3,500kg for the basic version and 5,000kg for 
the advanced version. While a common fuselage 
approach will incur a weight penalty in the design 
of the centre and rear fuselage, the penalty will be 
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The DART would use 
a modular concept to 
produce two different 
variants with high 
commonality — a 
straight-winged basic 
trainer and swept-
wing advanced/LIFT 
trainer. The team 
plans to leverage 
composites and 
rapid prototyping 
experience from the 
F1 motorsport world.
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The DART jet 
would take 
removable iPad-
type devices (such 
as this Inzpire 
GECO tablet 
seen here in a 
Typhoon) to new 
levels, allowing 
pilots to perform 
mission planning, 
fl ight and post-
fl ight debrief on 
one portable large 
screen display.  



17i f JUNE 2015@aerosociety             Find us on LinkedIn         Find us on Facebook.com         www.aerosociety.com

relatively small and will not ordinarily impact most 
training missions compared to conventional ‘single-
point’ designs. The main landing gear which will 
have long-stroke oleos designed for hard landings, 
is designed to interact as little as possible with the 
fuselage, outer wing and engine modules to allow 
the gear to be lengthened in future to accommodate 
larger diameter engines without a complex wing or 
fuselage re-design. For this reason the main landing 
gear is housed in external low-drag sponsons. While 
the sponsons create additional zero-lift drag, there 
is no weight (and lift-dependent drag) increase due 
to cut-outs in the fuselage and wing required to 
accommodate traditional integral main landing gear 
housings. 

Furthermore, the lack of undercarriage 
compartments as well as intake ducts in the centre 
fuselage allow it to accommodate a large internal 
fuel tank, reducing the need for draggy external 
fuel tanks. Design range in still air is 900nm for the 
basic trainer and 1,300nm for the advanced trainer.

The commercial advantage

While the technical capability of the DART Training 
System is important, perhaps more important is how 
this translates into a commercial as well as technical 
advantage over its very worthy competitors.

As DART is conceived as a modular solution for 
all training phases from basic to LIFT, DART will be 
offered as a full package solution across all training 
phases. This will ensure that operators receive both 
the benefi t of DART’s reduced acquisition costs 
resulting from the amortisation of its development 
across a much wider market than its competitors, 
together with reduced operating costs resulting 
from commonality of maintenance training and 
spares together with simplifi cation of mid-life 
upgrade costs across the fl eet. Furthermore, as the 
DART system delivers both a dedicated basic and 
advanced trainer but with common cockpits and 
a common aircraft confi guration, student training 
time to transition between variants will be reduced. 
A recent request for proposals by a European 
airforce for a new training aircraft system proposes 
that a two-type aircraft system can deliver basic 

Th e DART, 
which has been 
developed by a 
small team of 
aircraft  design-
ers, ex-RAF 
Fast Jet instruc-
tors and test 
pilots has also 
received sup-
port and expert 
input from 
the UKTI and 
Fielding Aero-
space Consult-

and advanced training in 328 total fl ying hours per 
student pilot, while a one-type aircraft system can 
do this in 323 hours. Using this model, a one-
type aircraft system consisting of both basic and 
advanced variants, such as DART, would do this in 
only 316 hours. This is due to students needing 
no more fl ying time than that required to master a 
dedicated basic trainer, while still benefi ting from 
less conversion training to start the advanced 
course.

The time is now

By 2020 many of the world’s airforces will be 
replacing their ageing jet trainers to support 
the increasing demands and costs of their fast-
jet capabilities. Not only has the USAF issued 
preliminary requirements for the T-X trainer to 
replace the T-38 Talon, the Swedish Defence 
Material Administration issued new requirements 
for a Military Flying Training System to replace the 
ageing Saab 105, while France recently launched 
Project Cognac to fi nd a replacement for its ageing 
Alphajets. Last but by no means least, the Red 
Arrows will see their Hawk T1s running out of life 
in 2020 with no new replacement on the horizon, 
other than perhaps overly-specifi ed Hawk T2s or 
second-hand T1s.

It is worth remembering that, in 1968, Gordon 
Hodson, the ‘father’ of the Hawk, effectively 
re-wrote the MoD’s requirements for a fast-jet 
trainer, going on to deliver the prototype Hawk 
only six years later. Taking inspiration from this, 
DART Jet, the group behind the DART Training 
System, believes the time is now to start intensive 
development of a truly market-leading fast jet 
training solution for delivery in 2020. The world’s 
airforces currently have a total of approximately 
6,000 basic and advanced trainers; DART Jet is 
targeting 10% of this market with potential sales 
of 600 aircraft over 20 years and is now seeking 
investors and partners from aerostructures, 
avionics and also non-conventional sectors, such as 
Formula One, for detailed design and engineering 
development.

Next-gen USAF 
trainer? The T-X 
requirement 
is expected to 
need around 350 
aircraft to replace 
aging T-38s 
in the 2020+ 
timeframe. 

The small DART 
Jet team has 
been working 
on this concept 
since 2010. 
The team, which 
includes aircraft 
designers, 
ex-RAF Fast 
Jet instructors 
and test 
pilots, has 
also received 
support and 
expert input 
from the UKTI 
and Fielding 
Aerospace 
Consultants.

Who are DART 
Jet?
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