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INCIDENTS

Aircraft Type and Registration:
No & Type of Engines:

Year of Manufacture:

Date & Time (UTC):

Location:

Type of Flight:

Persons on Board:

Injuries:

Nature of Damage:
Commanders’ Licences:
Commanders’ Ages:
Commanders’ Flying Experiences:

Information Source:

Synopsis

During the winter of 2004/2005, UK-based airline
operators experienced numerous incidents of restricted
elevator and aileron controls on their Avro 146-RJ100
fleets. One operator also reported occurrences of
restricted elevator controls on its Embraer 145 and
Bombardier DHC-8 aircraft. These aircraft types are
similar in having non-powered flight controls. Other
European operators of Avro 146/RJ-series aircraft also

reported flight control restriction events during the

same period.

Many of these events were found to be associated
with residues of ‘thickened’ de-icing fluids, that had
accumulated in the aerodynamically ‘quiet’ areas of the

elevator and aileron controls. These residues rehydrate

Avro 146-RJ100, G-CFAC and others

4 Lycoming LF507-1F turbofan engines
Various

Various dates and times

Various

Public Transport (Passenger)

Crew - Various Passengers - Various
None

None

Airline Transport Pilot’s Licence

Various

Various

Aircraft Accident Report Forms submitted by pilots
and subsequent enquires by the AAIB

on exposure to precipitation and can freeze at altitude,
with the potential for restricting control movement. In
most of these incidents, the control forces returned to
normal after the aircraft had descended into warmer
conditions. Despite recent industry efforts at addressing
the problems posed by such residues, an effective

solution remains to be found.

This bulletin reiterates the safety recommendations
1ssued in a recent AAIB bulletin, which stated that the
build-up of such residues must be avoided through a
tightly controlled regime of inspection and cleaning, and
that new types of thickened fluids must be developed,
whose residues do not cause flight control restrictions

on aircraft with non-powered flight controls.
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Recent flight control restriction events

A previous AAIB bulletin report (EW/C2002/12/02)
listed occurrences of flight control restriction events
believed to have been caused by the freezing of thickened
de-icing fluid residues. In 2005, numerous other similar
events were reported in the UK and elsewhere in
Europe. The majority of these incidents involved Avro
146/RJ-series

non-powered flight controls such as the Embraer 145

aircraft, but other aircraft with

and Bombardier DHC-8 were also affected.

The descriptions of these events and the subsequent
findings are presented in Table 1 (see page 14). In many
of these events, subsequent inspection of the aircraft
highlighted the presence of de-icing fluid residues in
locations and quantities that could have caused control
restrictions. At the time, the affected operator had a
scheduled maintenance task to inspect its aircraft for

de-icing fluid residues every 31 days.

The AAIB consulted other accident investigation bodies
in Europe for information on flight control restriction
events. The information obtained is presented in
Table 2 (see page 19). Although some events are still
being investigated, de-icing fluid residues appear to be
implicated in some cases. Following these events, the
operator of the Swiss-registered (HB-) aircraft changed its
maintenance practices to inspect for de-icing fluid residues
every 14 days (reduced from 28 days) and inspection and
cleaning is now required within two/three days following

an application of thickened de-icing fluid.

Effects of thickened de-icing fluid residues

In recent years there has been a tendency towards the
greater use of ‘thickened’ de/anti-icing fluids, because
of the improved holdover times that they provide.

Industry experience has shown that the repeated use of

‘thickened’ de-icing fluids (specifically ISO Type II, III
and IV fluids) for de-icing or preventative anti-icing can
result in a gradual accumulation of fluid residue in the
aerodynamically ‘quiet’ areas in the control surface gaps.
As these fluids are applied with a high pressure spray,
the fluid can also enter cavities in the control surfaces

(eg, control rod apertures).

With time, the glycol antifreeze component of the fluid
evaporates, leaving a dry, grey or blackish residue,
comprised largely of the thickening agent, which is very
hygroscopic and has little or no antifreeze properties.
The repeated application of thickened fluid causes the
residues to accumulate in increasing quantities, unless
removed by regular cleaning. On exposure to moisture,
for example, during rain showers, the residues will absorb
water and swell to many times their original volume, to
form a thick gel which can bridge the gaps between flight

control surfaces and adhere to control mechanisms.

When the aircraft climbs above the freezing level the
residues may freeze, with the potential for causing partial
restriction, or in the worst case, complete jamming of the
affected controls. If the autopilot is engaged at the time,
symptoms may include: pitch oscillation, failure to level
off at the selected flight level, or failure to capture the
selected heading. The control forces usually return to
normal after the aircraft has descended and the residues

have thawed.

Normally this problem only affects aircraft with
non-powered flight controls, because the power control
units on aircraft with hydraulically-powered flight
controls can overcome any such restriction caused by

frozen residues.
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Previous AAIB bulletin: 146-200 G-JEAX incident

The problems posed by the increasing use of ‘thickened’
de-icing fluids on aircraft with non-powered flight
controls were highlighted in a recent AAIB bulletin
report (EW/C2002/12/02) published on 5 February 2004,
which reported on an
elevator controls on BAe 146-200 G-JEAX, on
12 December 2002.  This report highlighted the

incident of restricted

dangers posed by de-icing fluid residues and
consequently the following Safety Recommendations

were made to the United Kingdom CAA:

Safety Recommendation 2003-119

It is recommended that the Civil Aviation
Authority require operators of aircraft with
non-powered flying controls that are vulnerable to
the effects of freezing of re-hydrated de-icing fluid
residues, to establish engineering procedures for
the inspection and removal of such residues from

critical flying control surfaces’.

Safety Recommendation 2003-82

‘The Civil Aviation Authority should consult with
anti-icing fluid manufacturers with a view to
encouraging them to develop fluids, with suitable
‘holdover’ times, that incorporate gelling agents

that are not rehydratable.’

De-icing procedures

Within the United Kingdom, and variously around
Europe, the de-icing and anti-icing' of aircraft is usually
performed by contracted service providers, with few
airline operators possessing their own equipment. There
is currently no requirement for the training or licencing
of de/anti-icing personnel and so there is no direct
control over the manner in which fluids are applied’.

A key requirement from operators is for de-icing fluids

with long holdover times to provide protection from ice
for the longest possible time and thus minimise departure
delays. This drove the development and introduction
of so called ‘thickened’ Type II, III and IV fluids (to
specification SAE AMS 1428A), which are much more
viscous than the Type I fluids. The former provide
increased protection by forming a much thicker layer of
fluid over the aircraft surfaces. The thickened fluids are

also commonly used for preventative anti-icing.

In-service experience with the thickest (Type 1V)
fluids showed that they produced significant amounts
of residues which caused control restrictions on
aircraft with non-powered flight controls. This led to
recommendations from the aircraft manufacturers that
Type IV fluids should not be used on such aircraft, and
ultimately, the issuing of an Operations Directive from
the Joint Aviation Authorities (JAA) containing similar

advice.

In the UK the use of Type II fluids, one in particular
branded as ‘Type II+’, has become predominant. These
fluids, in theory, contain less thickening agent and should
be less viscous than Type IV fluids, but in practice they
can have similar viscosities. Industry experience has
shown that Type II de-icing fluid residues can produce

similar problems of flight control restrictions.

These problems may be alleviated by de-icing with

Type I fluids which, being considerably less viscous,

Footnote

! Anti-icing of aircraft normally occurs some time prior to a departure,
typically, the night before when snow, ice or frost is anticipated,
and usually involves the use of a ‘thickened’ fluid. De-icing will
typically be carried shortly before departure when accumulations of
ice, snow, etc, need to be removed from the airframe, and may be
performed using both thickened and unthickened fluids, depending
on the holdover time required.

2 If not applied appropriately, anti/de-icing fluids may easily enter
flight control mechanisms within control surfaces, through actuator
rod apertures, for example, where it is difficult to subsequently
inspect for, and remove, residues.
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tend to run off surfaces more readily and do not leave
significant residues. It is understood that operators
in North America prefer to use a two-stage de-icing
procedure, with an initial application of Type I fluid,
followed by the application of a thickened fluid to
anti-ice, if required. = Whilst some European airlines
consulted by the AAIB stated that they would prefer
to de-ice in this way, the availability of Type I fluid
in Europe is extremely limited, given the far greater
demand for the thickened fluids, and de-icing service

providers are reportedly reluctant to stock this fluid.

Notwithstanding this, in Europe, some operators have
guaranteed their own stock of Type I de-icing fluid for
use at some airports, but they are still very much in the
minority.

Regulatory
de/anti-icing

information pertaining to aircraft

Aviation fuels, oils, greases and similar substances
are regulated and generally conform to specifications
agreed with the relevant Airworthiness Authority. Such
substances are usually approved for use following test
and evaluation by the manufacturer to ensure, firstly, that
they perform as intended and, secondly, that they pose
no short or long term risk to flight safety. In addition,
their ‘shelf life’, usage and/or manner of storage and are
usually specified. At present, no such regulation applies
to the manufacture, quality or application of de/anti-icing
fluids.

The Joint Airworthiness Requirements Section JAR-OPS
1.345 ‘Ice and other contaminants - ground procedures’

states:

‘a) An operator shall establish procedures to be
followed when ground de-icing and anti-icing

and related inspections of the aeroplane(s)

are necessary.’

To the AAIB’s knowledge, there are no further
requirements beyond this relating to either the procedures
for de-/anti-icing or the properties required of the fluids.
However, advisory material is provided in the supporting
document ACJ OPS 1.345: Paragraph 3d) states:

‘Fluids used for de-icing and anti-icing should
be acceptable to the operator and the aeroplane
manufacturer. These fluids normally conform to
specifications such as SAE AMS 1424, 1428 or
equivalent. Use of non-conforming fluids is not

recommended due to their properties not being

known.’

Section 8 ‘Special Maintenance Considerations’, states:

a) General

The operator should take proper account of
the possible side-effects of fluid use. Such
effects may include, but are not limited to,
dried and/or re-hydrated residues, corrosion

and the removal of lubricants.

b) Special Considerations due to residues of
dried fluids
The operator should establish procedures
to prevent or detect and remove residues
of dried fluid. If necessary the operator
should establish appropriate inspection
intervals based on the recommendations

of the airframe manufacturers and/or own

experience.

ii) Operators are strongly recommended to
request information about the fluid dry-out
and re-hydration characteristics from the
fluid manufacturers and select products with

optimised characteristics.’
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On 15 September 2005, the JAA issued a Safety
Information Communication the subject of which is
‘Information on precautions and measures to be taken
to counteract the presence, and also the formation of ice
and other contaminants prior to flight’. In this document,
the phenomenon and hazards of the drying out and
re-hydration of certain anti-icing fluids are highlighted.

Reference guidance material is also provided.

The Association of European Airlines (AEA) document
entitled ‘Recommendations for De-Icing/Anti-Icing
of Aircraft on the Ground’ is generally accepted
by European airlines to be the definitive guidance
document on ground de/anti-icing practices, but it is

not compulsory to follow these recommendations.

Airframe manufacturer’s advice to operators

The information provided by the regulatory authority
implies that the aircraft manufacturer will recommend
inspection intervals for the detection and removal of
de/anti-icing fluid residues. The aircraft manufacturers
have issued a considerable amount of advice to
warn operators of the problems posed by thickened
de/anti-icing fluid residues and the importance of
inspecting for residues and removing them by regular
cleaning of the affected areas, however, with some
exceptions, these documents generally do not go as far
as to recommend inspection intervals, leaving this to

the operator to determine, based on their own service

experience.

Given the problems on Avro 146/RJ aircraft in the
winter 2004/2005 period caused by de-icing fluid
residues, the aircraft manufacturer, BAE Systems,
issued Technical Operational Response (TOR) Serial
Number 2845, containing a draft revision to Chapter
12-30-31 of the Aircraft Maintenance Manual. This

contains comprehensive instructions on how and where

to inspect for residues and how they should be removed.
The instruction also recommends the frequency of

inspection, as follows:

‘It is recommended that where thickened (Type 11,
Type 11l or Type 1V) anti-icing fluids are used, the
aircraft should be inspected for residues daily.
Operators should develop an inspection and
cleaning schedule taking into account their own
operational environment and procedures, as well
as the factors affecting build-up as stated above.
If any residues are found they must be removed

from the aircraft before the next flight.’

BAE Systems has also issued a reference card to
operators which provides advice on the application of
de/anti-icing fluid. This contains a caution that fluid
shouldnotbeappliedtotheaircraftinaforwarddirection,
in order to prevent it entering the structure through
various aerodynamic fairings. The manufacturer has
also re-issued Service Information Letter (SIL) 27/80

to include the latest ‘winterisation’ advice.

Information gathered by the AAIB suggests that
operators who inspect for de/anti-icing fluid residues
more frequently, scheduled either on a short time
interval, or after a specified number of applications of
thickened de-icing fluids, tend not to suffer from flight
control restriction problems. Operators’ experience
suggests that an inspection interval of 30 days may not
be frequent enough. Whilst frequent inspection and
cleaning of the flight controls places a large burden on
an operator’s resources, and requires the availability of
suitable facilities and equipment (eg, hangars and access
hoists), such inspections are unavoidable if thickened
de/anti-icingfluids areused onaircraft withnon-powered

flight controls.

10
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During the winter of 2005/2006, one operator reported
three incidents of elevator trim circuit restrictions on
an Avro RJ aircraft. A significant amount of anti-icing
fluid residue was found to have accumulated under
fairings on both elevators. These fairings covered the
two trim circuit control rods where the trim tab drive
passed in to the trim tab itself. As aresult of this finding,
on 20 January 2006, the manufacturer issued an All
Operators Message (AOM), 06/001V, to highlight this
finding and recommend rectification action. A copy of

this AOM is appended to this report (see page 20).

BAE Systems Anti-icing Residue Focus Group

On 10-11 May 2005 the manufacturer of the Avro
146/R]J series aircraft, BAE Systems PLC, held a forum
for operators of the aircraft type to discuss the subject
of fluid residues. This meeting was also attended by
representatives from the UK CAA and the AAIB. This
provided an open forum for operators to share their
experiences of the problem and the measures taken to

combat the effects of the residues of thickened fluids.

At the forum, the aircraft manufacturer committed to
issuing further information to operators on maintenance
practices for the inspection and removal of the residues.
The forum highlighted some initiatives which, if
implemented, would help address the problem of fluid

residues. These included:

* Minimising the use of preventative anti-icing

with thickened fluids.

e  Where possible, use of Type I fluids for

de-icing.

* Exploring the possibility of greater

availability of Type I fluids at operator’s

hub stations.

fluid

manufacturers on cleaning solutions/solvents

* Seeking assistance from the

and the use of residue identification dye.
Discussion

The numerous recent incidents in the UK and elsewhere
in Europe, of flight control restrictions attributable to the
freezing ofresidues of thickened de/anti-icing fluids, show
that this problem has still not been addressed effectively.
This is a matter of concern, given that the potential
dangers posed by such residues were publicised both in
a recent AAIB bulletin and in advisory material issued
by the aircraft manufacturers and the JAA. Experience
has shown that the currently available thickened de-icing
fluids, with their rehydratable residues, are not practically
suited for use on aircraft with non-powered flight
controls. They pose a potential hazard to flight safety
through their ability to cause flight control restrictions,
unless strict procedures are invoked to inspect for, and

remove, the residues on a frequent basis.

Industry experience suggests that the problems can be
largely eliminated by frequent controlled inspections and
removal of the accumulated residues. Despite operators
having adopted such a process, a small number have
continued to experience problems. Evidence suggests
that operators who perform the inspection and cleaning
task at a short time interval, or who schedule the task
based on the number of applications of thickened fluid,
are generally more successful in managing the problem
than an operator who inspects for residues at an interval
of 30 days, for example. Most aircraft manufacturers
do not specify to operators a suitable frequency for the
task, leaving it to the operators to decide, based on their
own, possibly limited, experience. Given that the task
to inspect and remove the de/anti-icing fluid residues is
very labour intensive and places a heavy burden on an

operator’s resources, it can at best be considered a short

11



AAIB Bulletin: 4/2006

G-CFAC

EW/GC2005/03/09

term solution which addresses the symptoms, rather than

the cause of the problem.

The JAR OPS requirements state:

‘Fluids used for de-icing and anti-icing should

be acceptable to the operator and the aeroplane

manufacturer.’

For aircraft with non-powered flight controls, the
thickened de/anti-icing fluids currently available are
neither acceptable to the operator nor to the aircraft
manufacturer. However, as long as market forces
continue to drive for de/anti-icing fluids with longer
holdover times, thickened fluids will continue to be
supplied in preference to Type I fluids. It is therefore
considered that a regulation is necessary to ensure that
only suitable fluids are used on aircraft with non-powered

flight controls.

A potential solution would be for operators of aircraft
with non-powered flight controls to avoid using the
thickened fluids where possible and to de-ice using
Type I fluids. Even though some operators would
prefer to do this, the de-icing service providers seem
reluctant to hold stocks of Type I fluid, given the limited
demand from the relatively small number of operators
of such aircraft. As there is a general desire within the
industry to use thickened fluids which provide anti-icing
protection for long holdover times, if a ‘thickened’ fluid
could be developed whose residues are not rehydratable,
the potential for such a fluid to cause flight control
restrictions on aircraft with non-powered flight controls

would be much reduced.

Conclusions

The hazards posed by the re-hydrated residues of

thickened de/anti-icing fluids in causing flight control

restrictions on aircraft with non-powered flying
controls have been well publicised by both the aircraft
manufacturer’s and the JAA’s advice to operators, and
also in a recent AAIB bulletin. Despite this, recent
events in the UK and elsewhere in Europe in the
winter of 2004/2005 have shown that the problem is
still prevalent, suggesting that more effective action is

required.

The options available to operators of non-powered
flight control type aircraft for de-icing are few, given
the limited availability of Type I fluids and the use of
currently available thickened fluids which impose a large
penalty in increased maintenance costs. Therefore, the
AAIB believes that regulation is necessary to effect the

changes necessary to resolve this situation.

Safety Recommendations

Previous safety recommendations made by the AAIB
were addressed to the UK Civil Aviation Authority.
However, it is apparent that this problem also affects
operators throughout Europe. Within European
aviation, the JAA has oversight of operational matters,
whilst EASA has

standards and the airworthiness of aircraft and their

responsibility for certification

components. In order to effectively address the safety
issue of the accumulation of rehydrated residues of
‘thickened’ de-icing fluids, which can freeze in flight
and cause flight control restrictions, the following safety

recommendations are made:

Safety Recommendation 2005-135

It is recommended, that the Joint Aviation Authorities, in
consultation with the European Aviation Safety Agency,
issue safety documentation to strongly encourage
operators of aircraft with non-powered flight controls
to use Type I de/anti-icing fluids, in preference to

‘thickened’ fluids, for de-icing.

12
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Safety Recommendation 2005-136

It is recommended that where the use of ‘thickened’
de/anti-icing fluids is unavoidable, the Joint Aviation
Authorities, in consultation with the European Aviation
Safety Agency, ensure that operators of aircraft with
non-powered flight controls who use such fluids, invoke
controlled maintenance procedures for the frequent
inspection for accumulations of fluid residues and their

removal.

Safety Recommendation 2005-137

It is recommended that the European Aviation Safety
Agency introduce certification requirements relating to
de/anti-icing fluids for use on aircraft with both powered

and non-powered flight controls.

Safety Recommendation 2005-148

It is recommended that prior to the European Aviation
Safety Agency assuming responsibility for operational
matters within Europe, they consider the future need for
the training and licencing of companies who provide
a de/anti-icing service, so that anti-icing fluids are
applied in an appropriate manner on all aircraft types,
but specifically to ensure that the entry of such fluids
into flight control mechanisms and control surfaces is

minimised.

13
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AAIB Bulletin: 4/2006 G-CFAC EW/GC2005/03/09

¢ ¢ ¢ ¢ ¢ All Opeérator Message: Ref 06/001V

All Operator Messages Contain Safety Related Information

Recommended Distribution Aircraft Type : Bae 146 / Avro RJ
Engineering Flight Operations
All Maintenance Staff All Flight Crew
All Ground Staff - All Cabin/Operations Staff
SUBJECT: Flight Controls — Icing Restrictions ATA: 27
Reason

Recent reports of elevator trim circuit restrictions.

Description

An operator has reported three incidents of elevator trim circuit restrictions, the controls were
inspected and cleaned on the aircraft following the incidents. The elevators were then removed from
the aircraft for further investigation. This revealed a significant amount of anti-icing fluid residue
under fairings on both elevators. On re-hydration this residue impinged on the control rods. The
fairings, part number HC552H0341, cover the two trim circuit control rods where the trim tab drive
passes into the trim tab itself.

De-icing/Anti-icing the aircraft from the rear increases the probability of fluid entering this area.

Recommendations

Operators are advised to remove the fairings when inspecting the aircraft for fluid residue
accumulations. If residues are found ensure they are removed before further flight. The fairing is
retained by tri-wing screws, part number NAS4403-4 and -5.These fasteners have proved difficult to
remove on occasion, particularly when the slots become filled with paint. It is permissible to replace
them with NAS7403-4 and -5 screws if required. BAE Systems will supply necessary approvals if
required.

Operators are recommended to ensure their service providers are following the guidelines of
BAel146/AvroRJ De-icing/Anti-icing Application Guide as issued by BAE Systems, in particular
with the respect to direction of de-icing.

This document is submitted to operators for information and assistance and is not intended to constitute a contract
between BAE SYSTEMS and any party. To the extent permitted by law, BAE SYSTEMS shall not be liable for any
losses, damages, costs or expenses incurred by any party in connection with the information contained in this document.

BAE SYSTEMS Regional Aircraft, Prestwick International Airport, Ayrshire, Scotland, KA9 2RW, United Kingdom.

Tel. +44 (0)1292 675000
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AAIB Bulletin: 4/2006 G-CFAC EW/C2005/03/09

Additional Information

There have been a few reports of restrictions of flying controls recently. This fits the weather pattern
which was seen last year, and which has been described previously. A period of cold weather, giving
repeated applications of anti-icing fluid, followed by warmer weather gives the fluid time to dry out
and form residues. This has been followed by warmer wetter weather, which re-hydrates the residues,
and leads to ice formation in critical areas. Operators are reminded of this phenomenon.

Early indications are that this weather pattern is about to repeat itself. Operators are reminded that
their inspection/cleaning regime should take this into account

AOM 06/001V
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