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A
irbus flight control system

•
The organisation of the A

irbus
A

330/340 flight control system
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“Fly by w
ire” control

•
Conventional aircraft control system

s rely on m
echanical

and hydraulic links betw
een the aircraft’s controls and the

flight surfaces on the w
ings and tail. The controls and

flight surfaces are directly connected. M
echanical links

are also used for the engine control.
•

In fly-by-w
ire system

s, the cockpit controls generate
electronic signals that are interpreted by a com

puter
system

 and are then converted into outputs that drive the
hydraulic system

 connected to the flight surfaces. Engine
control is also m

ediated by the FCS com
puters.
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A
dvantages of ‘fly-by-w

ire’
•

Pilot w
orkload reduction

•
The fly-by-w

ire system
 provides a m

ore usable interface and
takes over som

e com
putations that previously w

ould have to be
carried out by the pilots.

•
A

irfram
e safety

•
By m

ediating the control com
m

ands, the system
 can ensure that

the pilot cannot put the aircraft into a state that stresses the
airfram

e or stalls the aircraft.

•
W

eight reduction
•

By reducing the m
echanical linkages, a significant am

ount of
w

eight (and hence fuel) is saved.
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Fault tolerance
•

Fly-by-w
ire system

s m
ust be fault tolerant as

there is no ‘fail-safe’ state w
hen the aircraft is in

operation.
•

In the A
irbus, this is achieved by replicating

sensors, com
puters and actuators and providing

‘graceful degradation’ in the event of a system
failure. In a degraded state, essential facilities
rem

ain available allow
ing the pilot to fly and land

the plane.
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H
ardw

are organisation
•

Three prim
ary flight control com

puters
•

Responsible for calculations concerned w
ith aircraft control and w

ith sending
signals to the actuators associated w

ith the control surfaces and engines.

•
Tw

o secondary flight control com
puters

•
Backup system

s for the flight control com
puters.

•
Control sw

itches autom
atically to these system

s if the prim
ary com

puters are
unavailable.

•
O

nly one com
puter is required for flight control.

•
Therefore, quintuple redundancy is supported. A

ll operational com
puters

operate in parallel so there is no sw
itching delay.

•
Tw

o data concentrator com
puters

•
G

ather inform
ation from

 the flight control system
 and pass this to w

arning and
display system

s, flight data recorders and m
aintenance system

s.
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H
ardw

are diversity
•

The prim
ary and secondary flight control

com
puters use different processors.

•
The prim

ary and secondary flight control
com

puters are designed and supplied by different
com

panies.
•

The processor chips for the different com
puters

are supplied by different m
anufacturers.

•
A

ll of this reduces the probability of com
m

on
errors in the hardw

are causing system
 failure.
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Com
puter organisation

C
om

m
and unit

M
onitor unit

Splitter
C

om
parator

Flight control com
puter

Input
O

utput
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Com
puter organisation

•
The com

m
and unit and the m

onitor unit are
separate channels w

ithin a single com
puter.

•
Each channel has separate hardw

are and different
softw

are.
•

If the results of the channels disagree (as checked
by the com

parator) or are not produced at the
sam

e tim
e then an error is assum

ed and control
sw

itches to another m
achine.



©
Ian Som

m
erville 2001

A
irbus flight control system

Slide 9

Softw
are diversity

•
The softw

are for the different channels in each
com

puter has been developed by different team
s

using different program
m

ing languages.
•

The softw
are for the prim

ary and secondary flight
control com

puters has been developed by
different team

s.  For the secondary com
puters,

different languages are again used for the
different channels in each m

achine.
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D
ynam

ic reconfiguration
•

The FCS m
ay be reconfigured dynam

ically to cope w
ith a

loss of system
 resources.

•
D

ynam
ic reconfiguration involves sw

itching to alternative
control softw

are w
hile m

aintaining system
 availability.

•
Three operational m

odes are supported
•

N
orm

al - control plus reduction of w
orkload

•
A

lternate - m
inim

al com
puter-m

ediated control
•

D
irect - no com

puter-m
ediation of pilot com

m
ands

•
A

t least 2 failures m
ust occur before norm

al operation is
lost.
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Control diversity
•

The linkages betw
een the flight control

com
puters and the flight surfaces are arranged so

that each surface is controlled by m
ultiple

independent actuators.
•

Each actuator is controlled by different com
puters

so loss of a single actuator or com
puter w

ill not
m

ean loss of control of that surface.
•

The hydraulic system
 is 3-w

ay replicated and
these take different routes through the plane.
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A
irbus FCS problem

s
•

There have been a num
ber of A

irbus accidents that m
ay

be related to problem
s w

ith the FCS.
•

O
ne accident (W

arsaw
 runw

ay overrun) has been clearly
identified as a problem

 w
ith the specification and not w

ith
the system

 itself.
•

There is no evidence of any failures of the FCS hardw
are

or softw
are.

•
H

ow
ever, the pilots m

ay m
isinterpret how

 the system
operates and hence m

ake errors that it can’t cope w
ith.


