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ABSTRACT

The British Experimental Rotor Programme has been maturing new rotor technologies since 1975, and has provided
advanced rotors for the Sea King, Lynx and AW101 aircraft. The BERP IV programme addressed high technical risk early,
and focused on targets to improve performance, survivability and cost. A multi-disciplinary engineering/manufacturing team
approach was used. Extensive use was made of simulation to develop the new rotor blade design in a virtual environment,
allowing the programme to be shortened compared to previous programmes. This paper reviews the processes and design
features developed to satisfy the generic technical objectives applicable across a range of platform types. The technology
was demonstrated on an AW101 and this paper covers the specific design features of the demonstrator blade and flight test
results. The development of a production version of the demonstrator blade is summarised.

INTRODUCTION

In partnership with the UK Ministry of Defence (MoD), the
British Experimental Rotor Programmes (known simply as
BERP) have, since the early 1970s, enabled major
advances in aeromechanics and manufacturing technology,
developing a capability which has given Agustawestland
products a strong position in the world market place and
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provided UK military forces in particular with significant
improvements in operational capability.

The purpose of the programmes has been to provide a
singular focus for otherwise discrete packages of research
and development funded by industry and the UK MoD. The
programmes deliberately addressed the development of high
risk technology outside the framework of a production
contract, providing generic advancements across all aspects
of rotor design, manufacture and test. These developments
have subsequently been exploited in production
environments with low risk to programme cost and time.



BERP HISTORY

The timeframes of the programmes performed prior to BERP
IV, their technical objectives and end products are
summarised below.

BERP | (1975-1978)

The objective of the first BERP programme was to provide
UK industry and the MoD science branches with experience
in composite rotor blade design, manufacture and
qualification process development.

The programme culminated in the design of the Westland
Sea King composite main and tail rotor blades. This first
composite main blade matched the mass, dynamic and
profile properties of the Sikorsky derived metal blade.
However, enhancements in blade profile consistency
resulted in a 5% reduction in fuel burn when the blade was
introduced into service with the Royal Air Force and Royal
Navy.

Figure1- BERP | : Westland Sea King

BERP |1 (1978-1980)

The BERP Il programme expanded on achievements in
BERP |, further developing composite manufacturing
techniques and expanding the availability of qualified
composite materials to be employed in future programmes.
The programme also included the development of advanced
aerodynamic design concepts including the BERP tip and
advanced aerofoil sections that were later flight
demonstrated during the BERP 111 programme. The ultimate
objective of the work was to enable subsequent production
of composite rotor blades with advanced aerodynamic
shapes.

BERP |11 (1982-1985)

The BERP Ill programme was a continuation of BERP I
and included further aerodynamic design refinement and
composite manufacturing development and culminated in the
flight demonstration of the BERP IIl blade on the Lynx
aircraft. The true back-to-back comparison of the advanced
aerodynamic design compared to the origina rectangular
tipped metal blade for the same sized rotor operating under
the same conditions showed a significant improvement in

rotor capability [Reference 1]. A demonstration of benefits
of the enhanced rotor performance came when a Lynx
helicopter claimed the World Speed Record in 1986, a
record speed of 216 knots; a record that till stands today,
nearly 22 years later (Figure 2).

Figure2- BERP Il : Westland Lynx
Subsequent to this successful technology demonstration,
BERP Il technology was exploited on both the Lynx and
AW101 (then EH101) aircraft. The Lynx used the BERP I1I
derived Composite Main Rotor Blade as a retro-fit and the
AW101 (Figure 3) used the technology in its initial design.
The Lynx and AW101 aircraft best illustrate the benefits
gained. Both aircraft are able to operate with some 40%
higher blade loading compared to more conventional rotor
technology, allowing additional lift for a given rotor size and
weight.
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Figure3-BERP 11

BERP 1V PROGRAMME OUTLINE & OBJECTIVES

The BERP IV programme commenced in October 1997 with
a much broader remit than previous BERP studies. Where
previous programmes had typically focussed on a single
objective of materials development or aircraft performance
enhancement, the BERP IV programme launched with the
objective of providing wide ranging benefits across all
aspects of aircraft performance and cost. Specific emphasis
was placed on the rotor in service, with a strong focus on the
need to address through life cost drivers in future blade



designs. Programme studies were, where possibldet
platform generic in order to provide a range ofigiedools
and knowledge that could subsequently be applietbvat
risk to any aircraft type.

The programme objectives were expressed as follows

- Technologies required to reduce through life cos
including reduced design complexity, increased giesi
robustness and improved production quality.

- Performance enhancing measures
payload/range and environmental benefits, includin
increased hover and forward flight performance an
reduced vibration.

- Enhanced battlefield survivability.

The generic nature of the programme made it ingpjate
to place hard targets against each of the objestias
different exploitation paths would inevitably rerpii a
different balance of attributes. Emphasis was etfoee
placed on the improvement of fundamental rotor bdipias,
providing a secondary benefit of de-coupling thegpamme
from shifting requirements that so often hindermteslogy
development.
questions across all design aspects, and in doipgyavided
a strong focus toward simultaneous demonstration
numerous significant advancements to be realisedsimgle
design.

The programme was subdivided into three phasesjding
clear progression through technology maturity anabéing
periodic re-affirmation of the programme’s conteamd
direction. The three phases may be summariseallas/§

- Phase 1: Technology assessment.
technologies typically at technology readinessli8ve
- Phase 2: Technology selection & integration. Cdaid

coveringlbsequent

light of an impending operational imperative, arlge t
manner in which studies had been conducted pridhit
date enabled the change of target demonstrataktoplace
with minimal disruption.

Whilst the programme was a technology demonstratibr,
processes and procedures adopted during the bldesign,
tanufacture and test were applicable to full scale
production. This ensured that benefits of process
improvement from the programme reached forward into
production programmes immediately.
gdditionally, it also allowed the demonstrator Batb be
gut into limited production over a very short tirnake due to
the ability to use flight test and structural qfiedition
evidence accrued under the demonstrator to comgribu
part to the production clearance.

BERP IV ORGANISATION

At programme launch a dedicated team was assemlbiikrd
representatives from each key area through whierbthde
would ultimately be designed, manufactured ancetesiThe
multi-disciplinary team and the concurrent designd a

The programme asked itself demandifganufacturing processes proved fundamental to the

programme success. This approach gave wider joint
gfvnership of the design, and resulted in imagimativ
solutions that enabled the final design to simdtarsly
achieve all objectives set.

The opportunity was also taken to include repregams
from the MoD organisation. This brought the MoD
personnel closer to the design task, and allowenhtto play

a role in the decision making process that ledhi final
design. In so doing, the MoD customers became team

Candiddteembers, and in addition to contributing knowledgsm

specialist areas within the MoD technology orgatiosa
(Dstl) the MoD personnel also provided criticalkbnback

technology options downsized to those able to b0 the user community, enabling a regular two way

matured to TRL6 in the final phase. Blade desig

gxchange with operational personnel.

schemes for AgustaWestland Lynx and AW101 aircra
were prepared.

- Phase 3: Detailed design, manufacture & teg
Beginning with the design scheme prepared in pBase
the final demonstrator blade design was compile
Manufacturing began with structural test specimems
concluded with flight-worthy blade production. The
phase concluded with flight demonstration to vakda
aerodynamic and dynamic characteristics an
performance.

It should be noted that requirements capture unageveach
phase of the programme, and continued to verifgamme
content and objectives up until the conclusionhaf flight
demonstration task.

The benefit of the demonstration programme’s gener
objectives was realised when it was agreed to bwitom a
Lynx demonstrator aircraft to an AW101 late in phas
The decision was taken on commercial grounds arithén

Figure 4 - The BERP IV Design Team in front of
demonstrator aircraft ZJ117

REQUIREMENTS CAPTURE

The technology integration and selection tasks esid

those aspects of a rotor blade programme typical of
contemporary rotor demonstrator programmes, with
improvements sought in blade dynamics, aerodynamics



