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ELECTRO-FLUIDIC COMPONENTS BASED ON SMART
MATERIALS FOR AIRCRAFT ELECTRO-HYDRAULIC
ACTUATORS
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Abstract:

In the context of a more electrical aircraft, in order to explore the feasibility of non usual solutions, electro-fluidic
components based on smart materials and new Electro-Hydraulic-Actuators (EHA) concepts, based on active
valves and magnetostrictive vibrating pump, have been studied. Active valves based on different magnetostrictive
and piezoelectric actuators have been designed, realised, tested and compared. The magnetostrictive version uses a
new Amplified Magnetostrictive Actuator (AMA) based on a stack of Giant Magnetostrictive Materials (GMM)
and placed inside an elliptical amplification ring. The piezoelectric version uses a standard amplified piezoelectric
actuator APASOOL from Cedrat Technologies. The pump is based on a fluid chamber, a piston moving linearly and
two channels for inlet and outlet. A large high force magnetostrictive actuator produces the motion. This actuator is
made of a GMM rod biased thanks to a serial permanent magnets configuration and excited by a coil. For obtaining
a pump from this dynamic pressure generator, two types of valves are considered: either the active valves above
mentioned or passive valves. The functioning configurations and the related results are further presented. The
active valves combined with the pump offer the advantage of getting a bi-directional pump, which is a useful
feature for driving the jack and obtaining directly a compact EHA.
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Introduction

In the context of a more electrical aircraft, there is the
need for lightweight high force electrical actuators. In
this way, Electro-Hydraulic-Actuators (EHA) are
considered as serious options by aircraft
manufacturers such as EADS-AIRBUS [1]. These
electrical actuators are based on a hydraulic jack and a
local and compact hydraulic circuits driven by electro-
fluidic components (pumps, valves). Usual EHA are
based on bulky and power consuming electromagnetic
actuators. In order to explore the feasibility of other
solutions, electro-fluidic components based on smart
materials and new EHA concepts have been studied.
The basic idea is that a vibrating pump based on smart
material generates high pressure in a fluid. The flow
of this fluid, used to drive the jack, is controlled
thanks to active valves. In order to take benefit of the
small characteristic time response constant of active
materials (piezoelectric and magnetostrictive one) due
to there high stiffness, the working frequency of the
different components of the EHA can be quite high,
near 1 kHz. This quite high frequency imposes the use
of high speed active valves.

The principle of the studied EHA is shown on Fig. 1.
A vibrating magnetostrictive pump generates a
dynamic pressure in its chamber when the 2 actives
valves are closed. The first prototype has only 2
mono-directional valves so the jack can be driven in
only one direction. When the pressure in the pump is
higher than the nominal pressure the valve #2 is

opened and a fluid flow appears from the pump to the
back side of the jack. And when the pump piston
arrives at its higher position the valves #2 is closed.
The piston goes back generating a negative relative
pressure in its chamber and the valve #1 is opened to
suck up the fluid of the upper part of the jack. When
the pump piston is at its lower position, the valve #1 is
closed and a new cycle starts with the compression of
the fluid in the pump chamber.

Hydraulic jack

2 active valves

Magnetostrictive pump
Accumulator (not shown)

Fig. 1 - Principle of the studied EHA.

Active valves

Active valves based on different magnetostrictive and
piezoelectric actuators have been designed, realised,
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tested and compared. The magnetostrictive version
uses a new Amplified Magnetostrictive Actuator
(AMA) based on a stack of Giant Magnetostrictive
Materials (GMM) and placed inside an elliptical
amplification ring (Fig. 2).

Fig. 2 - Drawing of the AMA.

This GMM stack includes small permanent magnet
slices between each of GMM slices. The permanent
magnets are used to generate the bias field necessary
for a resonant working mode of the actuator. This
stack is ended by two open magnetic circuit pieces
to close the magnetic flux lines. This set of pieces is
pre-stressed in an amplification ring. All these
concepts are well known at Cedrat, but it is the first
time that they are used in an AMA. A simple
excitation coil is mounted around the stack of
Terfenol-D rods and permanent magnets.The GMM
material is on the large axis of the elliptical ring and
used in d3; longitudinal mode. It is biased thanks to
a serial permanent magnets configuration and
excited by a single small coil. The amplified motion
is available on the small axis of the elliptical ring
(Fig. 3). The amplification ratio is around 4.
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Fig. 3 - Strain the AMA in a blocked-free condition
computed with ATILA ®.

The magneto-mechanical behavior of the AMA has
been computed with the ATILA® finite element
software [2]. Two different Giant Magnetostrictive
Materials (a Chinese one and an American one)
have been tested and compared in this actuator [3].
The dynamic performances of the AMA are
summarised in the following table:

Free-free resonance 2833 Hz
Blocked-free resonance 958 Hz
Effective coupling coefficient 28 %
Mechanical quality factor 7
Maximal excitation field 23 kKA/m
Peak-peak displacement 640 pm
Maximal stress 220 MPa

Table 1 - dynamic performances of the AMA.

In the valve, the AMA in mounted in the blocked-
free configuration: the coil is connected to the fixed
point of the actuator (back-mass). Their
performances were acceptable at resonance but
found not appropriate in the valve application.

F2

Fig. 4 - View of an AMA based (left) and an APA
based (right) active valves.

The piezoelectric valve uses a standard amplified
piezoelectric actuator APAS5S00L from Cedrat
Technologies (Fig. 4). Performances are given in
[4]. This new valve works up to 107 Bars with a
flow rate of 4.9 I/min and a piston stroke of 460 pm,
which was found rather satisfying. The time
constant is less than 2 ms. The valve is normally
closed 2/2 valve and is not bi-directional. The
maximum working pressure can be changed, so the
flow rate also, if the seat diameter of the valve is
increased or decreased. The design is not optimised
for a given performance, but it has been chosen in
order to be able to change the actuator or the moving
parts. It is equipped with the inductive stroke sensor
to control the stroke of the piston. No leakage is
observed up to 400 bars. The valve has been
characterised alone before to be coupled with the
pump. It can be used as a proportional valve up to
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20 bars. For higher pressure it is an on/off valve
because the actuator is not stiff enough to control
the stroke of the piston. In the EHA application,
only the on/off function is necessary. The
differential between the input and the output has not
been measured because the pressure lost in the pipes
is higher than in the valve itself. The Table 2 gives
the main performances of the APA valve.

Maximal working pressure 107 bars
Time response 4 ms
Maximal Flowrate -

Pass through section 21 mm?
Piston stroke 460 pm
Maximal pressure 400 bars

Table 2 - performances of the APA valve.
Magnetostrictive pump

The pump is based on a fluid chamber, a piston
moving linearly and two channels for inlet & outlet.
The piston diameter is 80 mm. A large high force
magnetostrictive actuator produces the motion of the
piston. This actuator is made of a stack of 22mm in
diameter GMM used in ds; longitudinal mode. It is
biased thanks to a serial permanent magnets
configuration and excited by a coil an external coil
(Fig. 5).

Fig. 5 — Parts of magnetostrictive actuator of the
pump.

The GMM slices are laminated and the magnetic
circuit is made of high frequency type magnetic
material in order to reduce eddy current losses. The
magnetostrictive actuator is prestressed thanks to 3
compliant bolts and the back is connected to the high
mass pump chamber through 12 very stiff bolts to be
as near as possible of a blocked-free working
condition for the actuator.

The size of the magnets and of the GMM slices have
been optimised thanks FEM computation with the

FLUX® software [5] in order to rich a 90 kA/m bias
field as homogeneous as possible (Fig. 6).
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Fig. 6 — Bias field computation in the pump with
Flux ®.

In a quasi-static mode (10 Hz), the stroke of the pump
piston is more than 116 pm with the chamber full of
oil. The actuator force capability is about 5-10kN.
Two types of modes have been considered: a quasi-
static mode and a resonant one. Due to the bad quality
of the GMM slices, misalignments of the active rod
leaded to failure in high strain resonant mode. So
before a future change of this active rod, only quasi-
static tests have been done. Pressure levels in the
range of few bars have been obtained with some
limitations further discussed in the next chapter. At 10
Hz, a 13 A peak current generates a 75 kA/m peak to
peak excitation field that permits to obtain a 116 pm
peak to peak stroke (1300 ppm) of the piston with the
pump chamber full of oil. A peak to peak 8 bars
dynamic pressure is obtained instead of 22 bars as
computed.

A detailed computation of the pump chamber
showed taking into account remarks of previous
papers [6], [7] that some improvements have to be
done in order to reach the correct high pressure:
redesign of the piston, addition of draining to
remove bubbles, smaller chamber, larger tube
connection,...
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Fig. 7 — View of the pump.

For obtaining a pump from this dynamic pressure
generator, two types of valves are considered: either
the active valves above mentioned or passive valves.
The active valves combined with the pump offer the
advantage of getting a bi-directional pump, which is
a useful feature for driving the jack and obtaining
directly a compact EHA. The Fig. 8 shows the first
MEHA prototype made of separated components (2
valves and one pump) and the Table 3 gives the
measured performance at low frequency and the
targeted ones at higher frequencies, assuming
performances are proportional to control frequency.

Measured Targeted on future
on prototype 1 prototype
Frequency 10 Hz 400 Hz
Flow 0.4 1/min. 16 I/min.
Pressure 40 bars 40 bars
Hydraulic 27TW 1.1kW
power

Table 3 — measured and targeted performances of
the MEHA.

&

Fig. 8 — View of the first EHA test bench.

Conclusion

In the framework of this R&D project, a first
electro-hydraulic component, an active valve, has
been validated. Some fine characterisations have
still to be done as the pressure decreasing between
the inlet and the outlet, but it can already be used as
a stand-alone product. On the second main
component, the magnetostrictive pump, some
limitations have been identified. They should be
corrected in a future version. This Electro-Hydraulic
based on active material always presents a high
potential for powerful and long stroke actuator and
could be presented as a stand alone product in a near
future.
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