
©
Ian Som

m
erville 2001

CS 365  A
riane 5 launcher failure

Slide 1

The A
riane 5 Launcher Failure

June 4th 1996
Total failure of the
A

riane 5 launcher
on its m

aiden flight
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A
riane 5

•
A

 European rocket designed
to launch com

m
ercial

payloads (e.g.com
m

unications
satellites, etc.) into Earth orbit

•
Successor to the successful
A

riane 4 launchers
•

A
riane 5 can carry a heavier

payload than A
riane 4
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Launcher failure

•
A

ppoxim
ately 37 seconds after a successful lift-

off, the A
riane 5 launcher lost control

•
Incorrect control signals w

ere sent to the engines
and these sw

ivelled so that unsustainable stresses
w

ere im
posed on the rocket

•
It started to break up and self-destructed

•
The system

 failure w
as a direct result of a

softw
are failure. H

ow
ever, it w

as sym
ptom

atic of
a m

ore general system
s validation failure
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The problem

•
The attitude and trajectory of the rocket are
m

easured by a com
puter-based inertial reference

system
. This transm

its com
m

ands to the engines
to m

aintain attitude and direction
•

The softw
are failed and this system

 and the
backup system

 shut dow
n

•
D

iagnostic com
m

ands w
ere transm

itted to the
engines w

hich interpreted them
 as real data and

w
hich sw

ivelled to an extrem
e position
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Softw
are failure

•
Softw

are failure occurred w
hen an attem

pt to
convert a 64-bit floating point num

ber to a signed
16-bit integer caused the num

ber to overflow
.

•
There w

as no exception handler associated w
ith

the conversion so the system
 exception

m
anagem

ent facilities w
ere invoked. These shut

dow
n the softw

are.
•

The backup softw
are w

as a copy and behaved in
exactly the sam

e w
ay.
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A
voidable failure?

•
The softw

are that failed w
as reused from

 the
A

riane 4 launch vehicle. The com
putation that

resulted in overflow
 w

as not used by A
riane 5.

•
D

ecisions w
ere m

ade
•

N
ot to rem

ove the facility as this could introduce new
 faults

•
N

ot to test for overflow
 exceptions because the processor w

as
heavily loaded. For dependability reasons, it w

as thought
desirable to have som

e spare processor capacity
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W
hy not A

riane 4?

•
The physical characteristics of A

riane 4 (A
sm

aller vehicle) are such that it has a low
er initial

acceleration and build up of horizontal velocity
than A

riane 5
•

The value of the variable on A
riane 4 could never

reach a level that caused overflow
 during the

launch period.
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V
alidation failure

•
A

s the facility that failed w
as not required for

A
riane 5, there w

as no requirem
ent associated

w
ith it.

•
A

s there w
as no associated requirem

ent, there
w

ere no tests of that part of the softw
are and

hence no possibility of discovering the problem
.

•
D

uring system
 testing, sim

ulators of the inertial
reference system

 com
puters w

ere used. These did
not generate the error as there w

as no
requirem

ent!
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Review
 failure

•
The design and code of all softw

are should be
review

ed for problem
s during the developm

ent
process

•
Either
•

The inertial reference system
 softw

are w
as not review

ed
because it had been used in a previous version

•
The review

 failed to expose the problem
 or that the test

coverage w
ould not reveal the problem

•
The review

 failed to appreciate the consequences of system
shutdow

n during a launch
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Lessons learned

•
D

on’t run softw
are in critical system

s unless it is
actually needed

•
A

s w
ell as testing for w

hat the system
 should do,

you m
ay also have to test for w

hat the system
should not do

•
D

o not have a default exception handling
response w

hich is system
 shut-dow

n in system
s

that have no fail-safe state
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Lessons learned

•
In critical com

putations, alw
ays return best effort

values even if the absolutely correct values
cannot be com

puted
•

W
herever possible, use real equipm

ent and not
sim

ulations
•

Im
prove the review

 process to include external
participants and review

 all assum
ptions m

ade in
the code
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A
voidable failure

•
The designer’s of A

riane 5 m
ade a critical and

elem
entary error.

•
They designed a system

 w
here a single

com
ponent failure could cause the entire system

to fail


