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Abstract

As our economic climate changes and our
budgets are stretched to the limit, the need to
extend the life of ones fleet of aircraft increases.
This introduces a number of additional
engineering challenges that if ignored, could
lead to catastrophic results. This paper will
reflect on two issues experienced during the
sustainment of an ageing aircraft platform
namely:

e training and

e chemical ageing of sealant/compounds-

leak detection.

1 Introduction

Aircraft fleets aroun  d the world are
typically rem aining in service for longer than
originally intended. Thisis bec  ause of the
enormous cost in platform replacem ent,
especially when the ex isting one is s till capable
of fulfilling its intending role. How ever, as the
platform ages, failure rates increas e as d epicted
by the typical bathtub curve in F igure 1.1 with
an associated increase in operational an d
maintenance costs.

Failure rate

Time

Figure 1.1 Typical Platform Life of Type
Curve

The left hand edge of the “bath” represents
early failures during development or early
service life due to design or production
discrepancies. The right hand side represents
the wear-out phase where there is an increasing
requirement for maintenance.

In order to improve the reliability and
therefore the availability and supportability of
an ageing platform, improvement programs are
initiated under the umbrella of a sustainability
plan. A typical sustainability plan would
consider key generic systems that contain the
highest risk to the safe operation and
sustainability of the platform. Typical systems
are:

e Oxygen Systems
Explosive Ordinance (Emergency
escape systems.)
Hydraulic and Pneumatic
Fuel and Lubrication
Engine Bleed Air
Structure
Environmental Control
Electrical, Avionics and Wiring
Mechanical Systems and
Components
e Hazardous Substances.

This paper will endeavor to show that ‘training’
as well as ‘sealant integrity or effectiveness’
should be considered as important issues to
monitor during platform sustainment.



2 Training

2.1 The problem

Fatigue dam age to structural, m echanical and
electrical components are but a few mechanisms
that d rive failu re rates up as an aircraft ages.
These components are usually designed to a
specification and the final product is expected to
function, without deterioration, for a fixed
period of tim e or design life. ‘De sign life’ is
usually fixed as a f unction of theitem ’s
operational environm ent and operational
requirements. Som e com ponents have no
service life limit or a re not shelf life limited at
the time of manufacture.

So when an incre ased f ailure rate of a
component on an ageing platform is
experienced, the first and m ost comm on
assumption is that the failure is due to ageing of
the com ponent. W hen m aintaining an ageing
platform, this assum ption is co rrectin m any
instances b ut f ailure can also  be totally
unrelated to the ageing of the platform . To
illustrate th is we will consider an incre  ase in
mechanical f ailure of a m ilitary aircraf't m ain
wheel brake assembly. See Figure 2.1.1.

Figure 2.1.1 Main Wheel Brake Assembly

In 2006, two serious brake assembly failures
occurred resulting in the associated main wheel
deflating during the landing process. In 2007,
six re lated f ailures occurr ed within eig  ht
months. This dictated an in-depth investigation
into all brake system  com ponents from the
cockpit through to the rubber com pound of the
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ations into brake
aintenance

main wheel tyres. Investig
system design certification, any m
practice issues, aeronautical product
conformance and operati onal pr actice issu es
were also investigated.

As a result it was found that prior to 2006 a
modification to the m ain wheel brake assem bly
was carried out to allev iate similar occurrences,
but to no avail. Investigations were coming to a
head to the extent that the operation al crew was
being questioned as to what brake pedal effort
was being applied.

While conv ersing with the m aintenance c rew
regarding the operation of twelve re turn spring
assemblies (See Figure 2.1.1) on the br ake unit,
it was found that the maintenance crew were not
fully conversant with the operation of a grip and
tube ass embly inthe twelvere turnsp ring
housings.

Tube Grip

\

Figure 2.1.2 Grip and Tube Assembly

The grip is an interference fit with its tube. The
grip is designed to only m ove along the tube,
during the application of brake pressure, as th e
brake d iscs wear in the brake assem bly to
maintain constant br ake pedal tr avel in the
cockpit. W ith brake pedals released, there
remains a residual 100 psi hydraulic pressur e
behind the twelve hydraulic pistons. This
residual pressure removes any play in the brake
system between th e first pressure plate and the
pistons but is not hi gh enough to apply brake
pressure. What acts against the 100 psi pressure
force is th e inte rference f it betwe en grip and
tube.

Degradation of this in terference fit resulted in
residual hydraulic pressure of 100 psi applying
mild braking force on the wheels during taxing.
This braking force was not felt during take-off
but would generate en ough heat to bind the
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brakes once the undercarriage was folded away
and out of the cooling air stream.

Because th e grip and tube assem bly is
downstream of the anti skid circuit, the anti skid
system could not control the resultant wheel
lockup and thus deflation on landing.

Although m aintenance publications dictate
replacement of grip and tubes when the grip has
travelled d own the f ull leng th of the tube,
maintenance personnel have becom e
complacent through re-position ing the grip on
the tube for re-use. Fi gure 2.1.3 illustrates why
this practice would ha ve gone unnoticed for
many years until degradation of the interference
fit, through re-use of th e grip and tubes, would
result in failure of a brake assembly.

CYCLE TESTING OF A GRIP AND TUBE ASSEMBLY
P/N 9535561
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Figure 2.1.3 Grip and Tube Recycling Test

The 100 psi residual pressure would overcom e
the grip an d tube in terference fit when the
applied force to m ove the grip fell below 300
Ibs. (After the fifth application of the sam e grip
and tube as illustrated in Figure 2.1.3.)

A compounding factor is that the form and fit
of a “used” grip and tube is identical to that of a
“new” grip and tube . In addition, the
functionality ofa “used” item  is not far
removed from that of a “new” item where a new
item can only be verified through certified
testing.

2.2 The Solution

Appropriate training ¢ ould have avoided the
increase in f ailure ra te. Training program s
generally provide operational, rem oval,
installation, inspec tion and sys tem testing of
various platfor m com ponents, assemblies and
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sub-assemblies. Primary com  ponents, with
respect to technical ai rworthiness and system
safety should enjoy a more in-depth training
regime that should includ e a fault tree analysis
and f ailure m ode identif ication as a test to
confirm the maintainer has the required depth of
knowledge to ensure airworthiness of the
platform.

One can explain the working principles of the
associated grip and tub e in the brak e assembly
to the student, (the concept of interference fits is
as well known as locking wire or a split pin ) but
nothing has triggered the student to think about
the consequences of all its failure modes. This
two-way approach should be m  andatory for
primary components.

3 Chemical ageing of sealant

3.1 The problem — Sealant reversion

Sealants of various t ypes and m anufacture are
used extensively within the aerosp ace industry
to form a gas/liquid tight seal between two
surfaces. Leak testing is carried out at
prescribed intervals to ensure/repair the integrity
of the sealant  interface. However, th rough
ageing, one encounters sealant reversion, a term
used when the cured s ealant “reverts” to its uncured
or original state.

Figure 3.1.1 Example of PR 1750 sealant
reversion

In extreme cases, reverted sealant can flow from
joints und er the inf luence of pressure an d
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gravity such as in the cr ew module of an ageing
platform. Figure 3.1.2 depicts crew m odule
pressurization leak rates registered in 2005
against a fleet of aircraft with all aircraft having
excessive leak rates above the m aximum
allowable as a result of sealant reversion.

Three aircraft tail numbers were considered in a
data collection exercise to determine if the cabin
pressurisation leak r ates have been increasing
over tim e through the recording of Carried
Forward Unservic eability (CFU). See Figure
3.1.3.
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Figure 3.1.2 Snap Shot (2005) of Fleet Leak
Rates

The leak rates given against the CFU’s indicate
increasing values over time. The CFU typically
being terminated through the statement:

e Leak rate will not affect airworthiness or
operational capability.

e Difficult to determ ine location of leaks
without incurring significant costs and
down time.

Cabin Leak Rate Deterioration
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Figure 3.1.3 Leak Rate Deterioration
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Typically, a high altitud e military aircraft has a
cabin pressurisation leak rate range between 38
standard cubic feet per m inute (scf m)
production leak rate and am aximum 68 scfm

in-service leak rate. Figure 3.1.3 illus trates a
range from 75 scfm to as high as 280 scfm. The
‘worst case’ condition.

The CFU therefore has never been rectified and
the reasons have been carried over to later
CFU’s without consideri ng the impact of the
increasing cabin pressurisa tion leak rates. The
consequences of having excessive cabin leak
rates on airworthiness are:

1. Intheeventof ah igh altitud e ox ygen
supply system failure, the effects of
hypoxia could result in the loss of the
aircraft.

2. In the event of a loss of pressure so urce,
less time will be availab le for descent to
a safe altitude. The rate of pressure loss
will be greater with higher leak rates

3. By allowing cabin leak rates to increase,
the airflow through the pressure-
regulating valve is reduced and therefore
the effectiveness of the pressure
regulator to control cabin pressure is
also reduced.

4. A cabinp ressure-regulating valv e is
generally de signed to f ail in the clo sed
position to reta in cab in pressur e. The
effectiveness of this s afety f eature is
reduced with increasing cabin leak rates.

5. Reduced mass flow to secondary circuits
such as avionics cooling.

One of the causes for the increas  ing trend in
leak r ates is the inab ility to determ ine the
location of possible leaks. Because of the
structure of the crew module, certain areas have
not enjoy ed sufficient re-s ealing as a result of
the difficulty in identifying areas of leakage

One could predict, following the trends
illustrated in Figure 3. 3 that the e ventual leak
rate by December 2010 would be well above the

4
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367 scfm lim it for some ai rcraft if the ageing
effects and the crew module leak detection
process isnotim  proved. (Environm ental
criteria for military aircraft dictate that the rate
of pressure decrease in the cab inm ay not
exceed 1 psi/second [1] which at standard
atmospheric conditions and fixed crew m odule
volume, equates to 367 scfm.)

3.2 The Solution

In the case of the affected platform PR 1750
aerospace sealant is used to seal the pressurized
crew module. For determining leaks during
maintenance, the classical soapy water solution
was utilised. However, PR 1750 material safety
data sheets indicate removal of sealant can be
achieved through the application of water or
soap and water solution if skin contact occurs
during the application stage. If the sealant has
reverted, it would be susceptible to removal
during subsequent soapy water leak testing.

To prevent further degradation of sealant or
complete removal of the crew module to
facilitate the application of new sealant
throughout the interface, numerous leak
detection methods where considered namely:

Ammonia-air + indicator
Infrared

Ultrasonic

Helium detector

Sulphur hexafluoride

Ultrasonic, helium-detector and sulphur hexafluoride
methods are unsuitable due to t he fact that these
methods do not provide pos itive (visual) location of
the leakage area. The A mmonia-air-indicator
method was rejected on the groun ds that it used a
hazardous substance and the additional costs of
developing a mixing apparatus to produce and
control the amm onia-air mixture at varying flow
rates during testing.

Infrared was utilised as it provided a visual
indication of the leakage area. However, it was
deemed to have the following perceived limitations:

1. Thermal conductivity of materials such as
sealant, alu minium fasteners adja cent to
leakage areas could condu ct enough heat to
mask leak indication.
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2. The minimum leak path size that an infrared
system could detect would be lim ited by the
resolution  of the in frared detector.
Therefore the process may not accommodate
the minimum size requirement for a leak and
thus produce unreliable results.

3. The low pressurization limits of fuel tanks in
general (approximately 5 psi) during testing
might not provide a sufficient tem perature
drop at the leakage area for detection
purposes.

Given the fact that the cr  ew module is tested at a
maximum of 11 psi g and that a certain am ount of
leakage is required through the crew module as

specified from manufacture, infrared was dee med
suitable as a leak detection process and provided the
following results as illustrated in Figures 3.2.1, 3.2.2
and 3.2.3.

19.95C
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Figure 3.2.1 Infrared image of crew module
leakage with temperature plots.
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Figure 3.2.2 Infrared image 6f cféw module
bulkhead with leakage at fasteners.

Figure 3.2.3 Photograph of bulkhead fastener
leakage area.

Figure 3.2.1 shows leakage at the windshield and
crew module panels with a temperature drop of
approximately 2 degrees Celsius (See L02 of Figure
3.2.1). Figure 3.2.2 illustrates the capability of
infrared to determine leakage at fasteners interfaced
with sealant.

3.3 Summary

The infrared exercise was carried out on Aircraft L
as depicted in Fig ure 3. 1.3 an d after repairan d
testing the leak rate was reduced from 280 scfm to
below the maxi mum allowable and measured at 67
scfm. This process is now form ulated into the
appropriate maintenanc e publication as approved
practice for leak detection of the crew module.

Any signs of sealant r eversion in pressurized vessels
should terminate the use of soapy water solution (if
used) for leak detection and an alternative =~ method
sought.
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4. Further developments

The perceived short com ings of infrared leak
detection have been f urther investigated with
respect to therm al conductivity, minim um leak
path size and low pressurization limits.

Through ‘amplification’ (without the use of
hazardous substances) of the infrared signal, the
performance of infrared leak detection has been
significantly increased as shown in Figures 4.1,
4.2 and 4.3 below.

B ¥
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Figure 4.1 Thermal Conductivity

Leak through a 20 micron hole
through DOW CORNING
3145 RTV sealant

Figure 4.2 Leak Path Size
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Spot 19.0

Leak with internal
pressure < 0.25 psig

Figure 4.3 Pressure Limitations

5. Conclusions

Ageing platform s pre sent m any in-service
management issues:

e fatigue in aircraft structures,

e components/spares that need alternative
procurement,

e items that had no shelf life during initial
manufacture are now failing and many
more.

But it is rewarding to work on an ageing
platform when it provides insight into
shortcomings (training) that can improve the
safety of future p latforms. Itis particularly
rewarding when the ch allenges of m aintenance
results in new technologies such as infrared leak
detection and forces one to push the technology
further.
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