Sraking system

Cross connections

By: Thierry THOREAU
Director, Flight Safety

1 | Introduction

The braking system cross connections have
generated a few incidents over the years. The
worst case experienced on the Airbus fleet further
to a case of braking system cross connections,
led the airplane to stop around 150 feet from
the extended runway centerline. An emergency
evacuation was initiated and everybody escaped
safely, without serious injuries. The aircraft
sustained some damages.

This document will present:

< The two types of cross connections reported
and their consequences

* The existing prevention measures

» The operational procedure to mitigate them

e And finally the improvements already
implemented, or contemplated.

Increased awareness on these possible maintenance
errors should help avoiding or mitigating further
events.

2 | Type of events
reported on the
Single Aisle aircraft
family

» A few cases of Main Landing Gear — MLG —
tachometer cross connections have been
reported. These cross connections were done
at the level of the wheels axis, as shown on
figure 1.
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Figure 1: Schematic of tachometer cross connections

Figure 2 shows an actual cross connection which can be partially seen on the right hand side
on the right hand side main gear. The cable of the picture), should in fact have been the cable
labelled 19GG-A/22GG-A connected to the 20GG-A/21GG-A.
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Figure 2: Picture of tachometer cross connections
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< Even if only two cases have been reported to
Airbus, it is worth mentioning the other type of
cross connections experienced so far.

It involves the connections to the servo-valves,
as shown on figure 3.
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Figure 3: Schematic of servo-valve cross connections

The lower number of cases that have been
reported can be explained by the fact that the
flanges supporting the servo-valve cables have
different lengths. This type of cross connections
are thus more difficult to realize.

Figure 4 shows an example of servo-valve cross
connections.

It shows that the flange supporting the cable to
the lower servo-valve allows an easy connection
only on the lower servo-valve.

In this case, the flange forced the cable wrongly
connected to the upper servo-valve to make an
excessively sharp bend.
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Figure 4: Picture of servo-valve cross connections

3 | Existing measures
on the Single Aisle
aircraft family

The Braking & Steering Control Unit - BSCU -
(3GG), the servo-valves (15 GG, 16 GG, 17GG,
18GG) and the tachometers (19GG, 20GG, 21GG,
22GG) are the key components of the braking
system. They must be properly connected to
ensure efficient braking.

The BSCU compares each wheel speed to a
computed reference speed and releases associated
brake pressure if need be.

In case of cross connections, the braking
performance will not be impacted as long as the
anti-skid function is not activated. If the anti-skid
function is activated, the BSCU will release the
brake pressure on the opposite wheel, while
maintaining the brake pressure on the already
skidding wheel. The braking performance will
then be significantly affected.

Upper servo-valve connection

Lower servo-valve connection

Sharp cable bending to achieve
Cross connections

Cable supporting flange

Note: Use of differential braking to correct the yaw
tendency might be useless in this case, as
the anti-skid system still provides braking
orders to the wrong wheel.

In the majority of the reported cases, cross
connections were evidenced further to tyres
abnormal wear (flat spots) or bursts, and did
not lead to serious incidents. However in a few
cases these cross connections led to runway
excursions.

This is why it is important to keep in mind existing
measures.

Maintenance

The Aircraft Maintenance Manual — AMM — task
32-42-00-720-002 is specifically designed to
detect cross connections.

AMM indicates in a specific note that:

“You must do this test if there is a risk of wiring
cross connections between two tachometers
(replacement of the MLG or of the electrical
harness of the MLG)”.
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Figure 5: Loss of braking “memory item” procedure

Operations

Should there be cross connections and an anti-
skid function activation during the landing roll, the
crew will perceive two things:

< A yawing tendency, and

* An unusually small deceleration.

While controlling the lateral trajectory, if the aircraft’s
deceleration rate is perceived as significantly
below expectation, the crew must apply the Loss
of Braking “memory item” procedure shown on
figure 5.

The procedure calls for the anti-skid function
to be turned OFF, thereby eliminating the major
consequence of the cross connections.

It is worth mentioning that in these circumstances,
it might be appropriate for the flight crew to
maintain full reverse thrust below the SOP
minimum recommended speed for full reverse
use. The Standard Operating Procedure for
Landing will be updated accordingly at the next
general revision to indicate that, in case of
emergency, maximum reverse thrust might be
used until a complete stop.
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4 | Maintenance
documentation
improvements

Recently, the AMM task 32-42-00-720-002 has
been amended to include the monitoring of the
brake’s wear pin and brake unit deflection, in
addition to the previous monitoring of the brake’s
piston movements, as additional means to
determine proper brake operation.

This task is now also required further to the
installation of servo-valves.

S | Future
Improvements

e The Trouble Shooting Manual (TSM) will be
enhanced to include an entry point in case of
tyre flat spot(s), to look for possible cross
connections

e On the Single Aisle (SA) family, cable colour
coding is currently under review to avoid crossing
cables.

Note: All SA family changes

< introduced (addition of warnings in AMM,
monitoring of the brake’s wear pin and brake
unit deflection to determine brake operation)

e planned (TSM entry in case of tyre flat spots)

= or under review (cable colour coding)

are being considered as well on the other families

of Airbus aircraft fitted with boogie gears. On these

types of landing gear, the consequences of cross

connections are reduced compared to the diabolo

versions.

6 | Conclusion

Crossed cables in the braking system have, in the
past, caused incidents. It is therefore important
to comply strictly with the published maintenance
procedure.

Pilots facing a situation where the airplane yaws
to one side and the aircraft’s deceleration rate is
perceived as significantly below normal, may
suspect brake cross connections. They should
apply the Loss of Braking “memory item”, which
calls for the anti-skid function to be turned OFF.

REFERENCE
Operator Information Telex (OIT) ref 999.0133/07/LB
Rev 01 issued on the 30" of April 2008, reminds

the operators to strictly adhere to the AMM
task 32-42-00-720-002 "Functional Test of
Tachometers” whenever it needs to be applied.
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