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Introduction

This book is the first of three volumes that cover the topic of aerospace
actuators following a system-based approach. The first volume provides
general information on actuators and their reliability, and focuses on
hydraulically supplied actuators. The second volume addresses more electrical
actuators (electro-hydraulic, electro-hydrostatic and electromechanical) and
their signal flows (Signal-by-Wire) as well as their power flows (Power-by-
Wire). The third volume illustrates the concepts introduced in the two previous
volumes by showcasing various examples of applications of actuation
in aerospace (flight controls, landing gear and engines) as well as different
types of aircraft (commercial, military or business aircraft, helicopters,
convertibles and space launchers).

In order to successfully develop a system perspective in this book series,
a top-down approach (from the requirements to the solution) has to be
carefully combined with a bottom-up approach (from the technological
maturity to the solution). The main guiding idea is, therefore, to focus on
requirements and architecture (functional then conceptual) while revealing
restrictions imposed by technology on concept implementation, in particular.
with regard to functions and phenomena induced by technological choices.
Indeed, in practice, solutions are designed according to the functional
aspects that have to be implemented and combined. Subsequently,
performance is assessed while taking into consideration technological
shortcomings' such as magnetic hysteresis, winding inductance, mechanical

I Depending on the application. it is possible for the same physical phenomenon in a
technological component to either be harnessed to perform a specific function or to appear as
a technological defect that threatens functional performance.
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clearance or even hydraulic resistance of pipes. Architectural aspects are
generally poorly documented in bibliographies compared to design and
technological aspects. However, this does not mean that design and
technology are of little importance. Quite the contrary, they too are essential
aspects. Indeed, it very often turns out that, as of a given date, technology
becomes the limiting factor for the industrial relevance of a project in terms
of performance, reliability and cost. Similarly, the accuracy of mathematical
models and the computing power they require often restrict safety margin
improvement and design optimization.

Design, modeling and technological aspects are generally well
documented in bibliographies but the architectural feature, both functional
and conceptual, is usually rarely addressed. The difficulty, therefore, lies in
formalizing architectures and concepts. The use of mathematical models and
technology description is only resorted to when they are necessary for
comprehension and technology selection in this volume. The “architecture™-
oriented system approach highlights the required functionalities and
interdependencies between system components. This approach shows more
promise for improving global performance than the “component”-oriented
approach. This is because a globally optimal system is hardly ever obtained
by simply combining components that are each individually optimal. In
commercial aeronautics, developing such an approach is made even more
difficult by the organization of design offices: they are often divided up
according to aircraft partitioning, and, therefore, often according to “trades”.
This partitioning was standardized for the first time by the Air Transport
Association more than 50 years ago [A4A 14]. Nevertheless, a cross-cutting
view has been increasingly encouraged by setting up plateaus, by promoting
system expert positions and by the emergence of initial training in systems
engineering covering both power and signal aspects.

In this first volume, emphasis is put on hydraulic power actuators. This
choice can come as a surprise in this day and age where “more” electrical
solutions and even “all” electrical solutions are almost always put forward.
However, this choice is justified by several important considerations:

— Hydraulic technology is used extensively for actuating purposes on all
aircraft, including the newer ones. The lifespan of a commercial aircraft is
typically about 30 years and its marketing life also frequently extends
beyond 30 years. New aircraft models of the 2010s should therefore
typically still be flying in 2070.
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— The maturation of more or all electrical solutions assessed in the
laboratory can take more than a decade before reaching a stage satisfactory
enough that the new technology can be implemented on aircraft. For
instance, the electro-hydrostatic actuators that were implemented on Airbus
A380 in 2007 had begun being developed in the mid-1980s.

— It is important to think in terms of requirements and performance rather
than restrict choices to a given technological solution. In this regard, a more
or all electrical solution should not be an end in itself; it should only be a
means of providing safer, greener, cheaper and faster” services.

The progressive or complete removal of hydraulics teaching in
engineering degrees contributes to a loss of initial skills for engineers. These
two established facts advocate for a capitalization effort of knowledge that is
prone to disappear.

Following the emphasis put on the system approach, requirements and
architectures, this book develops an approach that is complementary to other
existing publications on the topic. These constitute a significant source of

information. Consequently, the following books should be recommended to
broaden the scope of this series:

— generally speaking, for all aircraft systems, [CRA 99, DAN 15,
MOI 01, ROS 00, SAU 09, WIL 01] and [WIL 08];

— for all aerospace actuating purposes, [RAY 93] and [SCH 98];
— for aerospace hydraulics, [GRE 85, JEP 85] and [NEE 91];

— for general hydraulics, [BLA 60, FAI 81, FAY 91, GUI 92, MAR 80,
MER 67] and [VIE 80].

The present volume consists of seven chapters. Chapter 1 provides an
overview of aerospace actuators with an emphasis on requirements and
applications. Chapter 2 addresses reliability, that can heavily impact
architecture choices in very early development stages. The following
chapters focus on actuators supplied by hydraulic power sources. These
chapters successively review the energy carrier function, the hydraulic fluid
as well as its conditioning, power conversion, control and management; and
finally actuators and hydraulic systems integration.

2 Concerning commercial aeronautics, it seems that the fast aspect is no longer one of the
main goals because given the current state of technology, this aspect heavily impacts the other
three (safety, environmental friendliness and cost).
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General Considerations

1.1. Power transmission in aircraft

1.1.1. Needs and requirements for secondary power and power
flows

On an aircraft, a distinction is made between primary power, which is
used to ensure lift and airborne movement, and secondary power, which is
used to power systems (flight controls, avionics, landing gear, air
conditioning, etc.). Although much less significant than primary power,
secondary power is nevertheless non negligible, as shown in Table 1.1.

Actuation (flight controls and landing gear) Instantaneous power: 50-350 kW
Cabin lighting 15 kW permanently
Galley 120-140 kW intermittently (warming oven)
90 kW permanently (cooling)
In-flight entertainment 50-60 kW permanently
Cockpit avionics 16 kW
Cabin air conditioning 190-300 kW

Table 1.1. Secondary power requirements
for a large commercial aircraft [COM 05]

Power is generally conveyed from sources to users by redundant
networks in electrical, hydraulic and pneumatic form. For a typical 300 seat

aircraft, these networks are estimated to respectively transmit a power of
230 kVA, 230 kW and 1.2 MW.
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Figure 1.1 illustrates the complexity of secondary power networks for a
single-aisle aircraft of the Airbus A230 type [LIS 09]. On this diagram,
power flows from power generators situated on the inner ring, through
distribution networks located around the intermediate ring, to power users
gathered on the third ring. The outer ring depicts the surrounding air which
is considered here as being equivalent to a thermal power source. Power
flows are depicted by colored arrows whose colors indicate the nature of the
power involved.

=P Mechanic PWR

= Pneumatic PWR

|4 Electric PWR
Hydraulic PWR

malir Thermal flow

ool Fuel

i Ram air

c»«‘ Inerting }
RAMAIF = \

Figure 1.1. Secondary power flows for an
Airbus A230 type single-aisle aircraft [LIS 08]. For a color
version of the figure, see www.iste.co.uk/mare/aerospace.zip

1.1.2. Actuation functions

A function can be defined as the act of transforming matter, energy or
data in time, shape or space [MEI 98]. In practice, the perspective from
which a function is viewed depends on the engineering task at hand. For
instance, for the purpose of power scaling, the actuation function can be
viewed as the transformation of power received at the source into power
transmitted to the load; this transformation takes place both in shape (e.g.
hydraulics toward translational mechanics) and in space (aspect of power
transmission from point A to point B). In contrast, when designing flight
controls, the actuation function is considered as the act of converting a signal
(e.g. an electrical command for positioning a load) into another signal
(current position of the load).



