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ircraft passenger comfort and
health during flight is being
studied in detail using a new Air-
craft Cabin Environment (ACE)

simulation system installed at BRE in Wat-
ford, UK. The ACE facility is unique in
Europe and enables up to 40 volunteer
passengers and crew to be monitored dur-
ing real-time simulated flights. The simu-
lator uses the forward fuselage of an 
Airbus A300, with Data Physics SignalStar
vibration controllers and shakers providing
the noise and vibration environment.

The study is funded by the EU and has
made a very successful start since the offi-
cial opening in October 2003. The inau-
gural ‘test flight’ was attended by Marco
Brusati, who heads the work on improv-
ing the cabin environment for health and
comfort in aircraft at the European Com-
mission in Brussels, as well as representa-
tives from Alitalia, UK health and Safety,
the UK CAA, Virgin Atlantic, Sofrance,
ICAO, Airbus, Stork, Honeywell, Provair,
Fraunhoffer, Singapore Airlines, Alenia,
CETIAT and Oldenburg University.

Conditions in the aircraft cabin are 
recreated based on measurements taken
during actual commercial flights. It is not
possible to use commercial flights to carry
out the research because the tests would
not be under controlled, repeatable con-
ditions and none of the crew or passen-
gers could be instrumented. In the simu-
lated environment the pilot and cabin
crew are monitored for skin temperature,
conductance, body movement and heart
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The in-flight cabin environment is
being studied using a new simulation
system, which looks, feels and
sounds just like the real thing
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rate, yielding information on areas such as
health, comfort and stress levels. The pilot
also wears an electroencephalogram cap
to record brain activity. Volunteer passen-
gers are asked to complete questionnaires
before, during and after the flight, as are
the cabin crew who also undergo tests to
check alertness, reaction times and mood.

The design goal for the facility was to
create the closest possible simulation of
flight. As many environmental conditions
as possible are replicated in the cabin dur-
ing ‘flight’ – temperature, relative humidity,
air velocity, air distribution and recircula-
tion, noise, vibration and even the floor
slope. It looks, feels and sounds just like
a regular scheduled flight. Initially the
ACE rig is being used as part of the EU’s
Friendly Aircraft Cabin Environment pro-
ject, which aims to improve comfort for
passengers. In a subsequent study, the
Health Effects in Aircraft Cabin Environ-
ment project will look at the effect on
flight and cabin crew.

A major objective in the project is the
simulation of noise and vibration. There is
a continuous sound field around you in
flight, the primary sources being engine
noise and air forced through the air dis-
tribution system. You may have noticed
that the noise changes when you are in or
near a galley, in the toilet or near a door.
Engine noise is transmitted into the cabin
through the structure of the aircraft. The
powerful jet engines generate a complex
noise and vibration spectrum transmitted
through the fuselage to the aircraft 
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interior. Some items in the galley have
fans and this also creates noise. If you rest
your head against the window area, you
feel the vibration and hear a louder and
different noise structure. The noise is not
directional; it is all around you. Re-
creating the noise and vibration inside the
ACE test rig is not simply a matter of
using loudspeakers; it involves making
the structure vibrate as it would in flight. 

A Data Physics SignalStar Matrix 
multishaker vibration-control system re-
creates the sound fields using 41 inertial
vibrators and two subwoofers. The skin of
the fuselage acts as a diaphragm, which
generates the required sound and vibra-
tion environments within the cabin, galleys
and cockpit. The floor vibration is created
using three Data Physics SignalStar large
inertial shaker systems. An array of
microphones and accelerometers supply
the response feedback signals for control.

The sound field inside each of the key
areas is individually controlled to simulate
as accurately as possible the actual noise
in flight. The technology for this derives

from multi-axis control systems used for
road simulation by automotive compa-
nies. Road simulation systems commonly
operate at very low frequencies, whereas
the aircraft noise and vibration simulation
system must operate over the audio and
sub-audio spectrum simultaneously. In
the ACE rig, time domain reference data
from recordings in the various sections of
the aircraft on commercial flights is
edited and used as the reference for the
respective areas in the test rig.

Noise and vibration data is recorded
during typical flights on a portable digital
tape recorder at an initial sampling fre-
quency of 48kHz. Sections of this data,
representing the phases of flight, are then
exported as .WAV or text files. The recorded
airborne noise and floor vibration time his-
tories are calibrated and edited before
being replicated by the SignalStar Matrix
control software. Unwanted sections such
as speech are removed at this point.

a radial direction on brackets attached to
the structural frames of the aircraft and
close to the windows. Exciters are also
positioned in the cockpit, on the supports
of the overhead luggage bins and in the fore
and aft galley areas to ensure realistic sound
in the centre areas. Three large (200N)
inertial shakers are attached to the floor-
panel supports beneath the main cabin to
simulate floor vibration and two sub-
woofers enhance the effect of the low-fre-
quency noise.

The task of equalising the sound field
in such a structure is technically challeng-
ing. The speed of equalisation and accu-
racy of the simulation is dependent upon
the capability of the software system to
accurately measure the transfer function
matrix during a multishaker pre-test. The
pre-test runs at a low level using bursts of
random noise. Drive signals are derived
initially using the transfer function matrix
and the references prepared in the pre-
equalisation steps. The SignalStar replica-
tion software then derives the drive signals,
which when played out to the shakers and
loud speakers produce control signals
matching the required references. 

Many vibration tests use general vibra-
tion control techniques such as random or
swept sine excitation. Highly accurate and
realistic testing demands precise replica-
tion of specific time histories to truly
characterise the operational environment.
Replication uses field-measured time-
history signals as a reference for the vibra-
tion test. Typical uses are the performance
of controlled investigations of automotive
vehicle durability and dynamics or simu-
lation of earthquake vibration on multi-
axis hydraulic test rigs. In the application
described here, replication software is
being applied to the problem of repro-
ducing both the vibration and noise pro-
file inside an aircraft cabin. The SignalStar
system provides multishaker excitation
and control of both amplitude and phase,
including compensation for cross cou-
pling between the different exciters.

This novel application of multi-axis
vibration control – which is normally used
for road simulation – to accurately simu-
late flight, brings hope that aircraft design
will be able to benefit from the same tech-
niques that have served the automotive
industry for years.  ❚

Geoff Murphy is managing director at Data
Physics (UK) Ltd, based in St. Neots, UK

Further Reading
‘Comfort Zone’, Building Services Journal,
August 2003
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SignalStar data-editing software is used
to cut the time series into segments and to
filter the data to prevent the signal exceed-
ing the displacement and frequency limits
of the shakers. Sequences are created for
different parts of the flight, such as taxi,
take-off, cruise, descent and landing. A
sequence can be played just once or
repeated many times by the Matrix soft-
ware – a few minutes of steady-state cruise
data can be played hundreds of times to
recreate a full flight profile. Different
sequences are cross-faded and mixed
smoothly by the control software in real-
time as they are played out. 

The positioning of the miniature inertial
exciters around the aircraft was a critical
element of the installation. The sound field
must be even and realistic throughout the
simulator, with closed loop control based
on the acoustic noise produced by the
vibration injected into the structure. Many
of the miniature inertial shakers are fixed in
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