MALE Delivery

Combat needs drive hot-house growth
for the U.K.'s Mantis demonstrator

DOUGLAS BARRIE/WARTON, ENGLAND

n October 2007, not even the design
concept had been selected, but 24
months later the Mantis medium-
altitude long-endurance unmanned
air vehicle demonstrator flew for the
first time—even allowing for some
non-program-related distractions.
The BAE Systems-led Mantis pro-
gram, the first phase of which has been
jointly funded by industry and the U.K.
Defense Ministry, is aimed at address-
ing British military needs for a deep and
persistent surveillance platform, coupled
with a weapons delivery capability. The
ministry has a notional in-service date
of 2015-16 for such a system.
The Mantis program was put together
at BAE’s Lightning Works, the company

nickname for the highly secure hangar
at its Warton site in the northwest of
England, a rapid prototyping environ-
ment that is also the incubator for a
number of past and present UK. clas-
sified programs.

The most recent of these, the Mantis
Advanced Concept Technology Dem-
onstrator (ACTD), was made public by
the ministry and industry in July 2008,
with the award of the Mantis Spiral 1
contract. Industry worked alongside
ministry officials and the Defense Sci-
ence and Technology Laboratory on this
first stage of the program. The basic air
vehicle concept selection, however, had
been made in November 2007, though at
that time the project was being private-

Mantis — Potential Operational Tasks

ly funded by BAE.
The flight trials at
the Woomera test
range in Australia
marked the culmination of
Mantis Spiral 1 development.

In industrial terms, Mantis is
a key program, not just for BAE
Systems, but for the broader
U.K. sector as it tries to estab-
lish a position in the medium-
altitude long-endurance (MALE)
UAV arena. The UK. is the first of the
main European players to fly an indig-
enously developed MALE demonstrator,
though there are similar requirements
in France, Germany and Italy. Mantis
provides one option around which a
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wider European effort could coalesce.

At the domestic industrial level, large-
platform and combat UAV technology is
seen as crucial to sustaining a military
aerospace design and engineering na-
tional base, as made explicit in the gov-
ernment’s 2005 Defense Industrial Strat-
egy. The Mantis project is also aimed at
gauging the U.K's capacity in terms of
MALE design and development.

The Defense Ministry’s interest in a
MALE capability initially emerged from
an element of its over-arching Project
Dabinett intelligence, surveillance,
target acquisition and reconnaissance
(Istar) requirement. A deep and persis-
tent capability was one envisaged collec-
tion element of this program.

BAE’s Corax, a long-endurance
stealthy UAV design, was at first pur-
sued to meet this requirement. Unlike
Mantis, Corax had some obvious low-
observable (LO) characteristics, with a
concept of operation similar to the U.S.
DarkStar program, for survivability in
heavily defended air space. A sub-scale
airframe was flown, but a full-scale air
vehicle would have been far larger. Co-
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rax was modular in concept, using the
central airframe section and systems
from the Raven unmanned combat air
vehicle demonstrator.

British operational experience with
the General Atomics Predator B/Reaper
in Afghanistan has influenced ministry
thinking on near-term needs, as has
considerable pressure on overall de-
fense spending. It also prompted BAE
Systems to consider: “Could we come up
with a competitor to the Predator B for
Istar and the Dabinett role?” says Chris
Clarkson, BAE’s engineering director
for autonomous systems.

The Defense Ministry continues to
acquire Predator B airframes for com-
bat operations in Afghanistan, both to
increase the size of its small fleet and as
attrition replacements. Ministry officials
explained late last year, however, it had
decided against bringing the Predator B
within its core program lest the ministry
limit its maneuvering room in a pending
acquisition program it now dubs Opera-
tional Unmanned Air System (OUAS).

The OUAS draws together deep and
persistent and armed Istar needs within

the Defense Ministry’s equipment capa-
bility community. The aim is to launch
an assessment phase shortly, which may
include, or run parallel to, the next phase
of Mantis development—Spiral 2. But
securing the OUAS program is of fun-
damental importance for BAE Systems,
which is now engaged in Spiral 2 prepara-
tory work on its own nickel.

Clarkson says a spiral development
approach was taken from the outset
with Mantis, with the air vehicle and
overall system design intended to allow
it to be certified in non-segregated air-
space. Capability gaps to be addressed
in terms of deep and persistent Istar
include: 24-hr. all-weather surveillance,
detection, recognition and identification
of a wide-ranging target set, high oper-
ational availability, target geo-location
(including the ability to cue other assets)
and, particularly, the ability to deal with
time-sensitive targets.

In examining how to meet the min-
istry’s emerging needs and provide as
broad a utility for the design as possi-
ble, BAE Systems carried out a range
of internal operational evaluation stud-
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ies. Along with a “pure” Istar role, these
also cover maritime surveillance, close
air support, armed reconnaissance and
insurgent monitoring.

Clarkson adds that the operational
analysis drove the key requirements, es-
pecially the need for a 24-hr. multi-sensor,
armed platform, with the design and ar-
chitecture allowing for the rapid integra-
tion of a variety of weapons. Mock-ups
of the air vehicle have been displayed
carrying the Raytheon Paveway IV pre-
cision dual-mode guided bomb and also
the MBDA Brimstone air-to-surface mis-
sile. The dual-mode version of Brimstone
would be best suited to UAV use. Weapon
carriage and release trials would be in-
cluded in the Mantis Spiral 2 develop-
ment, which could take the system up to

The design has also been wind-tunnel-
tested with what BAE dubs the airborne
reconnaissance pod, a generic design
that would allow for the carriage of oth-
er electro-optical sensors. The ministry
has shown interest in the ability to carry,
for instance, a Goodrich DB110-based
electro-optical reconnaissance pod on a
UAY, with trials carried out in the U.S.
using a Predator B.

The company looked at eight or nine
configurations for the Mantis ACTD,
none of which was LO in concept. A
twin-engine approach was taken for in-
tegrity—with an eye to meeting require-
ments for operating in non-segregated air
space—and for combat endurance.

The design has a high aspect-ratio
wing to provide the desired endurance,

ing edge. The tail-plane and fin were
sized to deliver platform stability and
provide adequate control authority for
single-engine loiter operation.

The twin-engine pusher configuration
offers aircraft balance and stability ben-
efits, while also easing payload integra-
tion on the wing. The podded engines
developed by Rolls-Royce were sized
to balance air vehicle loiter and dash
speed requirements and configured to
ease upgrading. The Spiral 1 air vehicle
is powered by the Model 250 turboprop,
with development of the integrated en-
gine pod carried out at Rolls-Royce’s
Shadow Works facility in Bristol.

Alternative propulsion options could
be looked at as part of a Spiral 2 develop-
ment or beyond. An unducted fan con-

manufacturer, though it entails cost and
development time-scale issues.

The Mantis Spiral 1 air vehicle does not
reflect the full capability intended for the
system; the aim was to demonstrate the
design capability, rather than the full en-
velope of the UAYV, says Ian Muldowney,
BAFE’s Mantis program manager.

The demonstrator, designated ZK210
by the Defense Ministry, has a mass of
5,000 kg. (11,000 1b.). Target parameters
identified by the operational analysis in-
clude air vehicle mass of 8-9 tons, with a
650-kg. internal payload and an external
payload of up to 1,500 kg. Configurations
have been explored with up to eight un-
der-wing hard points. The analysis also
favored a design with a speed of 300 kt.

Beyond-line-of-sight satellite commu-

line-of-sight command-and-control an-
tenna, video downlink and VHF and
UHEF capability are all envisaged as part
of an operational system.

To fulfill intelligence, surveillance and
reconnaissance needs, Mantis is de-
signed to carry a variety of sensors. The
Spiral 1 air vehicle is fitted with an L-3
Communications’ Wescam MX-20 elec-
tro-optical turret. Sensor payload for an
operational air vehicle would, along with
an electro-optical/infrared package,
also include a synthetic aperture radar/
ground moving target indicator (GMTT)
as well as options for communications
and signals intelligence electronic war-
fare payloads. Dedicated maritime radar
is another payload option.

Interestingly, the design team also

to emerge as an issue for UAVs, given
utilization rates in combat theaters. A
production-standard Mantis would have
a 24,000-hr. life.

While it clearly does not have an LO
design, electronic support measures an-
tennae would be fitted to the wingtips
for threat avoidance.

The Mantis program also reflects
BAFE’s efforts to maximize the autonomy
of its UAVs in order to reduce operator
workload and the number of person-
nel required. London does not have the
budgetary largesse to support the more
personnel- and resource-intensive UAV
systems such as some used by the U.S.

Mantis’s industry and military advo-
cates are now awaiting Defense Ministry
decisions about moving on to the next

an initial operational capability.

Mantis Evolution
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‘ ‘ A massive step forward from where we were two years

ago” is how one BAE Systems executive describes

the events which culminated Oct. 21, 2009, with the
first flight of the Mantis medium-altitude long-endurance un-
manned air vehicle (UAV) demonstrator.

The Spiral 1 flight-test program from the outset exam-
ined the system capability, rather than just initial aerody-
namic and air vehicle performance. Mission demonstra-
tions were undertaken from the Mantis's second test flight,
with the results informing the proposed Spiral 2 develop-
ment and beyond.

Since 2004, the Royal Australian Air Force's Woomera
Test Range has been to home to numerous BAE Systems
UAV and unmanned combat air vehicle (UCAV) flight-test
campaigns, including the Raven UCAV and Corax low-
observable intelligence surveillance and reconnaissance
demonstrator programs.

While Mantis provided its own challenges—not least of
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though with a visible sweep on the lead-

cept has been examined by the engine

all simply size—the level of anxiety among the flight-test
team on the first takeoff roll may have been just slightly
less than for some previous efforts.

“The Corax design aerodynamically was, as expected,
twitchy in pitch and sluggish in roll,” says Chris Clarkson,
BAE Systems engineering director for autonomous sys-
tems. “So there was the issue of [whether it] would flip over
on takeoff as a result of ground effect.” It did not.

Beyond establishing the air vehicle's basic capability, the
trials were intended to demonstrate “a number of mission
scenarios,” and validate the basic UAV design and system
approach to meet an armed intelligence, surveillance, tar-
get acquisition and reconnaissance (Istar) requirement. All
of the flights were carried out with the landing gear down.

Company executives say the trial results reinforce the
view that “autonomy is the way to go.” Mission manager
authority would still be required for target engagement.
One aim of the Spiral 1 tests was to determine if the Man-
tis architecture would be suitable for managing deep and
persistent Istar missions, including examining workload on
the operator/mission manager.

Full trial details remain undisclosed, but the tests did in-
clude autonomous wide-area search as well as cued spot
surveillance using electro-optical sensors, and cross-cue-
ing. The Mantis's forward sensor turret was augmented by
a second fixed sensor under the rear of the airframe. Target
imagery and tasking requests were sent from the mobile

Mantis was flown on a number of operationally representative
scenarios to examine the initial systems performance.

viewing terminal to the air vehicle, with a Rover capabil-
ity compatible with the systems already used by the U.K.
Defense Ministry. The flights also included a dusk landing
using the infrared “pilot's” camera, night flight and demon-
stration of a rapid turnaround.

The Woomera trials allowed the Mantis team to begin
work on the system’s basic deployability into an opera-
tional theater, as well. The air vehicle, and the supporting
equipment, were transported to the range using an RAF
C-17. ()
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eeping it conservative, simple and affordable were
the design drivers with the Mantis unmanned air ve-

hicle (UAV) demonstrator. Given the compressed
development time frame and the program'’s ambitions, even
these would be challenge enough.

BAE Systems drew on its UAV development experience
in its approach to Mantis, allowing the program to go from
“a clean sheet of paper to first flight in 19 months,” says lan
Muldowney, BAE Mantis program manager.

Concept selection was made in November 2007, and by
February 2008 the configuration had been frozen. The dem-
onstrator team was stood up the following month, and the
core project team was also colocated in March. Detail de-
sign and manufacture took place in April-July of 2008, with
major unit build and test carried out in August-October. Final
assembly of the Mantis began in November 2008. Ground
testing at Woomera in Australia commenced in April 2009,
leading to a first flight in October. The Spiral 1 flight trails
concluded in November of last year.

While development was accelerated, the BAE-led team’s
aim was still to work to an engineering standard for the full
operational envelope, rather than the less-demanding dem-
onstration envelope of the Spiral 1 flight tests.

The Mantis system was also designed from the
outset with civil airspace clearance as an ambi-
tion. The air vehicle uses what BAE describes as
a triplex-standard flight control system architec-
ture which has already been proven on the lat-
est versions of the Herti tactical UAV. Qualifiable,
traceable engineering standards were also imple-
mented.

Team Mantis consists of BAE Systems (systems
integration and design, air vehicle engineering and

The Mantis air vehicle went from design freeze to final
assembly within 10 months in 2008.

AviationWeek.com/awst

design), Rolls-Royce (propulsion), GE Aviation (electrical
power system and all-electric primary flight control actua-
tion), Qinetiq (command-and-control communications, flight
termination system), Meggit (electric brake system), Mess-
ier-Dowty (main landing gear), APPH (nose landing gear),
Lola Group (front and center fuselage assemblies and car-
bon fiber composite panel), Slingsby Advanced Compos-
ites (wing and empennage detail design and assembly),
L-3 Communications’ Wescam (MX-20 turret), Atkins (air
vehicle engineering and design support), Ultra Electronics
(Rover Il data link) and Virtek (support to major assembly
builds).

The Mantis airframe is 70% composite, while the fuse-
lage substructure is metallic. The fuselage has two me-
tallic keels, with a composite monocoque fuel tank. The
main landing gear is taken from the Piaggio P.180, while
the nose gear is from a Jetstream 31. The propulsion pod
pylon draws on the Hawk jet trainer wing.

Despite the “conservative approach” taken on Mantis the
center wing is one of the single largest pieces of bonded
composite used in European aerospace, with the wing car-
ry-through section having no mechanical fastening.

“Traditional procurement behavior” was not going to
work for the Mantis program’s intended development time
frame, says a company executive, so authority was devel-
oped through the supply chain to allow the program to pro-
ceed at the desired pace. @
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