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Minimum control
speed tests on A380

When the aircraft has an engine
shut down with the 3 others at
maximum thrust, it has a tendency
to yaw toward the “failed” engine.
The pilot can deflect the rudder and
create a yaw moment in the other
direction in order to maintain the
heading. However, when the speed
is decreasing the engines create
more or less the same yaw, but the
aerodynamic efficiency of the fin
and the rudder are reducing. At a
given speed, with wings level, the
rudder is on the stop and just able
to counter the effect of the engines.
Then, we could say that we have
reached some kind of minimum
control speed as it is a limit of
manoeuvrability.

On any multi-engine aircraft,
below the Minimum Control
speeds (VMC), there is a risk of
losing the control of the plane in
the case of failure of one engine
(outer for a quad) with the other(s)
at maximum thrust. There are
several VMC: for takeoff configu-
rations, it is called VMCA (A for
Airborne), for approach, VMCL (L
for Landing). On a quad, another
one, VMCL-2, is associated with
the failure of 2 engines on the same
side, in the approach configuration.
It has to be demonstrated for certi-
fication, although this last situation
is mainly considered when taking
off for a ferry flight on 3 engines,
without passengers, and if unfortu-
nately a failure happens on the oth-
er engine of the same side. Finally,
there is a VMC covering the case of
the ground acceleration at takeoff.
It is called VMCG (G for Ground).

Everything is not black and white
and it is not because the aircraft
is flying below a VMC that con-
trol will always be lost or that a
crash will inevitably occur. But
what is sure is that, when reach-
ing the VMC, the pilot is on a
limit of manoeuvrability and he
cannot do what he wants freely in
a manoeuvring sense. Some rules
of determination of the VMCs
are rather strange, and it is diffi-
cult to understand which logic is
behind that. Nevertheless they
have been applied for a very long
time and their validity has been
proven by the long experience on
a huge number of flight hours on
all aircraft types. For all VMC air-
borne, there is first a static demon-
stration of the value, followed by
dynamic tests to show that the ma-
noeuvrability remains sufficient
at this speed. VMCG is obtained
only by a dynamic exercise.

By nature, determinations of
VMCA and VMCL are risky flight
tests, as one engine is shut down at
very low altitude. On a twin, the
failure of the “live” engine gives
just enough time to relight the
other one. On a quad, the situation
is different, as in the event of the
loss of the other engine on the same
side as the “failed” one, the thrust
on the remaining engines must be
reduced immediately to avoid a
loss of control.

However, the risk of failure of
another engine during these tests
has a very low probability. The
critical issue is the execution of the

dynamic tests, as it can lead very
quickly to a loss of control, due to
the rapid build up of side slip. Such
an event occurred a very long time
ago in a test flight, but fortunately
control was immediately recovered
and then modifications were made
to the flight controls to reduce dras-
tically this risk. Anyway, we have
to be very cautious in the execu-
tion of these tests and they are only
performed by well experienced test
pilots.

Measurement of VMCs is not a
key priority at the beginning of
the development of a long range
aircraft. The reason is that all
these speeds are rather low and
therefore do not affect takeoff and
landing performances, except for
operations at very low weights.
This is not penalizing for an air-
craft like the A380. However, it
is always useful to perform some
measurements at an early stage of
the flight program to be sure that
we will not have a bad surprise,
which might have an impact on
performances at higher weight
than expected or could necessitate
a modification of the design of the
flight controls.

For the A380, we had an issue to
start these tests as, during the first
month of flights, we discovered
that the vertical fin had to be modi-
fied. Due to the delay necessary for
this modification, it was decided to
postpone VMCs determination by
several weeks, until we receive the
improved fin.
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Figure 1
VMCA determination
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VMCA, VMCL,
VMCL-2

When engines and systems are
configured, we start about 20 kt
above the predicted value, then, we
decelerate slowly keeping head-
ing constant. Necessary rudder
increases as the speed decreases,
eventually up to the stop. Further
deceleration will need some bank
to still keep the heading constant.
The “true” VMCA is obtained
when the bank angle reaches 5° in
the opposite sense to the “failed”
engine . This bank angle is
very important as it allows a further
speed reduction of about 5 to 10
kt, compared to the same test per-
formed with wings levelled. Where
is this strange rule coming from?
It is a mystery! Maybe that, in the
old times, when reliable flight test
installations where not existing,
somebody had imagined to have
some tolerance on the bank angle,
because it is true that a perfect sta-
bilization of the bank angle is diffi-
cult when the rudder is on the stop.
In doing so, he put some knots “in
his pocket”! Then the tradition has
been kept and officialised. This hy-
pothesis could explain the choice
of this odd 5° value.

The tests to obtain VMCL and
VMCL-2 are similar.

But there is more to do. A demon-
stration that the roll manoeuvrabil-
ity at VMC is sufficient must be
performed. The rules are slightly
different for VMCA and VMCL

and here we will just show one ex-
ample for the VMCL. At this speed,
the rolling capacity is reduced on
the side of the deflection of the rud-
der (at the opposite of the “failed”
engine). The rule is that it must be
possible to go from 5° bank angle
on the side of the rudder deflection,
up to 25° in less than 5 seconds.
Whatever the type of aircraft, there
are risks in this test as the side slip
is building up very quickly, be-
cause it cannot be compensated by
the yaw damper, the rudder being
already on the stop. When passing
25° bank, the recovery must be im-
mediate and very smooth, with the
engines reduced to idle, the speed
increased and the side slip carefully
minimized. At the very beginning
of the Fly By Wire programs, there
was plenty of roll capability at low
speed. But in order to avoid reach-
ing too high side slip, the roll rate
commanded by the pilot was divid-
ed by 2 to be limited at 7.5 deg/s at
low speed when the flight controls
computers detect a large asymme-
try in thrust. This roll rate allows
this test to be passed with almost
no margin. The available roll effi-
ciency to react to turbulence is not
modified.

There are some other specific dy-
namic tests at VMCA, but the dem-
onstration is straightforward for
our aircraft.

The first VMCA and VMCL test
flight on A380 were performed

at the end of May 2006, unfortu-
nately in weather conditions not
ideal for these types of measure-
ments. Some days later, with better
weather, a second flight allowed us
to confirm the results and also to
perform VMCL-2 tests. A third and
final flight was dedicated to certifi-
cation. Usually, on other programs,
all these tests are performed direct-
ly with the Authorities on board.
However, due to some particu-
larities of the aircraft, the decision
was made to perform preliminary
flights to be sure that there was no
issue with what was going to be
presented for certification.

There was no surprise coming
from these flights and the VMCA,
VMCL and VMCL-2 values were
found to be as expected.

VMCG

The VMCG is established with a
dynamic test. The aircraft is ac-
celerated with all engines at maxi-
mum thrust, with the nose wheel
steering disconnected to simulate
a wet or contaminated runway. At
a given speed, the outer engine is
shut down with the master lever.
The pilot must try to minimize the
lateral excursion, using the rudder

. As for the VMCA, at high
speed a small deflection is needed.
But at low speed, even with full
rudder, there could be a signifi-
cant deviation. By definition, the
VMCG is the shut down speed for
which the deviation is 30 ft.
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This test must be performed in per-
fect weather conditions, because
even a very light cross wind or
some small turbulence can have
an impact on the results. Generally
the flight test is planned at sunrise.
The first test is usually not critical,
as the shut down speed is about 10
kt above the planned VMCG. Then
some more trials are performed
with a progressive reduction of the
shut down speed, by steps of 3, 2 or
even 1 kt, depending on the results.
Most of the time, after about 6
tests, the 30 ft deviation is reached.

Y (m)

In fact, we try to have at least one
result above 30 ft to be able to in-
terpolate back to the VMCG, but
we have to be careful as around
VMCG, the lateral deviation is
very sensitive to the engine cut-off
speed.

During this series of tests, the pilot
in the left hand seat is in charge of
the trajectory. He tries to minimize
the deviation and then completes
the takeoff when the maximum de-
viation has been reached. The pilot
in the right hand seat shuts down
the engine at the planned value.

Rotation

Maximum lateral deviation reached

Full left rudder pedal input

Engine # 4 shutdown

Brake release

Figure 2
VMCG test

It is important to have always the
same pilot doing the same action
as, if there is a bias in the shut
down speed, it is most probably go-
ing to be the same for all tests and
the speed decrease is going to be
as progressive as planned. Data re-
duction will then allow the analysis
team to determine the right value.
In the cockpit, on the jump seat,
a test flight engineer monitors the
engines and is in charge of the spe-
cific relight procedures generally
given by the engine Manufacturers,
following such shut downs at maxi-
mum thrust.

As for the VMCA, most of the
time, these tests are directly used
for certification, with an EASA
pilot in the left hand seat and an
Airbus pilot on the right. One of the
reasons for minimising the number
of times these tests are done, is
that repeating several shut downs
at maximum thrust is damaging
for an engine and we try to reduce
this risk. However, for the A380,
due to numerous new systems fea-
tures and some uncertainties on the
predictions, we decided to perform
a first evaluation ourselves. The
initial results demonstrated that we
were right.

The first VMCG flight could only
be performed after the installa-
tion of the modified fin and it took
place on March 30th 2006. Takeoff
weight was 450 tons, configuration
3 and the predicted VMCG was
122 kt. As usual, we decided to per-
form the first test with the engine
shut down at 132 kt, 10 kt above
the predicted value. It was planned
to “fail” the right outer engine,
therefore we lined up the aircraft
10 meters on the left of the centre
line. To help, we have on one of the
Toulouse runways, full length blue
lines at 5 and 10 meters on each
side. This makes it easier for the
handling pilot to keep precisely the
distance from the centre line during
the acceleration. The right engine
was shut down at 132 kt as planned.
At a speed about 10 kt above the
VMCQG, the deviation should not
exceed 2 meters, but we had a sur-
prise as the aircraft started to skid
laterally and we eventually reached
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Figure 3
VMCG - enhanced
yaw control on ground

a deviation of 15 meters and we
went on the other side of the cen-
tre line. A good demonstration that
it was a sound idea to take some
precautions and line up 10 meters
on the left, as if we were already at
the VMCG! An extrapolation let us
think that the VMCG was probably
at least 13 kt above the estimated
value, which would have had seri-
ous adverse consequences for air-
craft performance.

We landed immediately and decid-
ed to redo the test at a slightly high-
er speed: 134 kt. A new surprise:
the deviation was almost the same,
just a bit smaller. The videos were
showing the tyres of the main land-
ing gears skidding on the runway.
A third test was performed at 136
kt. The deviation was 18 meters.
It was increasing with the speed!
Clearly, something was abnormal.

The following day, in order to un-
derstand the reasons of this strange
behaviour, we tried again, but this
time with a configuration 1+F in-
stead of 3. With a lower flaps set-
ting, we were expecting higher
forces on the landing gears, which
should have improved friction and
therefore reduce skidding. We shut
down the engine at 135 kt and the
deviation reached 18 meters. Basi-
cally, no change! On top, we dis-
covered an anomaly: because of
a hidden failure, the deflection of
one of the 2 rudders was too slow.
Only one servo control of this rud-
der was active, instead of 2 in this
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type of situation. This was not the
main reason for the huge deviation,
but the system was not robust. A
batch of modifications was needed
before continuing VMCG tests.

To improve the situation, it was
necessary to enhance the efficiency
of the flight controls in yaw after an
engine failure. Therefore, in order
to create some additional yaw, the
solution was to increase the drag
on the wing which is on the side
of the deflected rudders when they
are close to their stop. For that, one
spoiler and 2 of the 3 ailerons were
fully deflected in the upper direc-
tion while the centre aileron was
put down . Having ailerons
in different directions permitted to
minimize the effect on the bank an-
gle. Some modifications were also
made in the computers, allowing
faster deflection of rudders in this
specific situation.

Due to weather conditions, we
performed the tests with all these
modifications at Istres Air Base
on June 14" with excellent results:
the VMCG was now as planned,
around 122 kt. However the exact
value was finally determined dur-
ing the certification flight at the be-
ginning of September. The reason
is that the value of the VMCG is
very sensitive to the pilot reaction
time. This one is around 0.6 sec-
onds, but 0.1 second more or less
can modify the VMCG by 1 or 2 kt.
The official value is given by the
tests performed by the certification
pilot from EASA. The final value
agreed after data reduction for the

Rolls Royce engines is 119 or 121
kt, depending upon the maximum
engine thrust (option chosen by the
Customers), which is slightly less
than the planned figures.
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Safety First is published by the
Flight Safety Department of Air-
bus. It is a source of specialist safe-
ty information for the restricted use
of flight and ground crew members
who fly and maintain Airbus air-
craft. It is also distributed to other
selected organisations.

Material for publication is
obtained from multiple sources
and includes selected informa-
tion from the Airbus Flight Safety
Confidential Reporting System,
incident and accident investiga-
tion reports, system tests and
flight tests. Material is also ob-
tained from sources within the
airline industry, studies and re-
ports from government agencies
and other aviation sources.

A380
Water pool test
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All articles in Safety First are present-
ed for information only and are not
intended to replace ICAO guidelines,
standards or recommended practices,
operator-mandated requirements or
technical orders. The contents do not
supersede any requirements mandated
by the State of Registry of the Opera-
tor’s aircraft or supersede or amend
any Airbus type-specific AFM, AMM,
FCOM, MEL documentation or any
other approved documentation.

Articles may be reprinted without
permission, except where copy-
right source is indicated, but with
acknowledgement to Airbus. Where
Airbus is not the author, the con-
tents of the article do not necessarily
reflect the views of Airbus, neither
do they indicate Company policy.
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Contributions, comment and feed-
back are welcome. For technical
reasons the editors may be required to
make editorial changes to manu-
scripts, however every effort will
be made to preserve the intended
meaning of the original. Enquiries
related to this publication should
be addressed to:

© Airbus S.A.S. 2011 — All rights reserved. Proprietary documents.

By taking delivery of this Brochure (hereafter “Brochure”), you accept on behalf of your company to

comply with the following guidelines:

> No other intellectual property rights are granted by the delivery of this Brochure than the right to read

it, for the sole purpose of information.

» This Brochure and its content shall not be modified and its illustrations and photos shall not be repro-

duced without prior written consent of Airbus.

» This Brochure and the materials it contains shall not, in whole or in part, be sold, rented, or licensed

to any third party subject to payment.

This Brochure contains sensitive information that is correct at the time of going to press.

This information involves a number of factors that could change over time, effecting the true public

representation. Airbus assumes no obligation to update any information contained in this document or

with respect to the information described herein.

Airbus S.A.S. shall assume no liability for any damage in connection with the use of this Brochure and
of the materials it contains, even if Airbus S.A.S. has been advised of the likelihood of such damages.
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