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A part of regular inspections. non-destructive tests are carried out on
sections of the aireraf frame (0 Getect sirvctora) faus,

Neme a suiable non-desiuctve test method, and explin the testing
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() (i) Describe a suitable method of testing to ensure thateach swb-axle s free 2
Of internal defects before it enters sevice.
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Name and describe ONE test that would identify a defect that is not
able to be detected by a regular visual inspection.

* Xeray analysis

+ Ultrasonic analysis

+ Dye penetrant test

+ Magnetic crack testing
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(b) Explein why metals are more susceptible to corrosion when used in aircrat.
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Presence of many crovices between spars and skin
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A steel shaft from an aircraft engine has failed through fatigue.

Its macrostructure is shown.

Describe a non-destructive test that could have identified this problem before
failore.
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Outline the ultrasonic testing process and its advantages for use in testing 4
aireraft components.

Atransmitting and receiving transmitter emits HF sound waves through a test piece. Flaws
in the materials (such as cracks, porosity ) vary the intensity of the reflected waves which
show on a monitor.

Useful in testing aircraft components because it is a non destructive test, can be donein
situ, portable equipment, no harmful radiation.
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Why is the routine testing of enginecring components important during service?

engineering components subjected to cyci, dynamic loading and high stres are susjected 1o

routine visual inspection| e.g aircraft landing gearjand periodic overhaul { e.g g2s turbine
engines) to prevent catastrophic ailure during service which could resultn loss of fe
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Identify factors that contribute 10 stress corrosion cracking in aluminiur alloy
aircrafi componens.

Residual stress applied to the area which can be extemally applied such 2s fatigue and
torsional stress or internally applied such 2s welding and cooling stress.

A corrosive environment such as high humidity with active ions in the electrolyte.
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a

List the names of some destructive tests that may be used to identify
mechanical properties of materials and assess their suitability for use

in aircraft.
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b Briefly explain the three different phases in fatigue cracks.

Fatigue cracks have three different growth phases:
°  Initiation — many microscopic cracks form due to slip along shear
planes. It is impossible to detect these micro-cracks.

«  Stable Growth — Visible cracks develop perpendicular to the local tensile
stresses. Non-destructive testing techniques can detect these cracks.

= Unstable Growth — As the crack ‘grows’, the structure remaining to
carry the load decreases. When the crack reaches the critical length,
it becomes unstable and grows approximately at the speed of sound
leading to sudden failure.
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c

Identify four conditions that are necessary for fatigue cracks to
develop and grow.
Four conditions are necessary for cracks to develop and grow.
1 A material that is prone to stress cracking.
Tensile stress must be present

Stress, at least at the crack tip, must be in the plastic range of the
material.

4 Stress with cyclically varying intensity.
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d  Briefly explain why certain surface defects can promote fatigue
cracking.

The initial crack of a fatugue failure is formed by the concentration of stress at
some point of weakness such as a sharp corner, file mark, keyway, or corrosion pit,
such features being known as “stress raisers” for this reason. Surface finish becomes
of great importance to parts subjected to fatigue-inducing conditions, since surface
imperfections account for many instances of stress concentration. Connecting rods
for high-speed engines are always highly polished to prolong the service life, while
the design engineer avoids sharp corners, small fillet radii, and rapid changes of
section since these are also common points of stress concentration in machine
components. Non-metallic inclusions, particularly those near the surface, can act as
stress raisers, particularly if they are brittle.
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a  How might areas of corrosion be identified in aluminium alloys?

——
Material | Evidence of corrosion

Aluminium alloys | whitish powdery deposits with a dulling of the surface of |
unpainted parts. Deposis can also form at breaks in the
paintwork or cause biistering or flaking under the paint

T
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b Explain why pure aluminium is sometimes bonded to the surface of
some aluminium alloys. Include the alloys normally ‘clad’ and the
way that the aluminium ‘skin’ works.

Alclad is the common name for composite sheet, plate, tube and wire
onto which a thin layer of almost pure aluminium has been
metallurgically bonded. As this is a pure metal, there is no ‘difference’
between the grain boundaries and the grain centre and intergranular
corrosion will not occur. This protective layer is often applied to 2000
series (Al/Cu) and 7000 series (Al/Zn) aluminium alloys. The coating is
anodic relative to the core and so provides both electrolytic protection as

well as being a physical barrier.
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Explain reasons why a crack might develop in an sircraft frame after it
has been in service for several years.
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