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Aluminium Alloys - Aeronautical Applications
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Turbine blades are cast from a nickel-based aloy.

Explain TWO essential engineering propertes that the nickel-based
alloy must have in this sitaation,
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Why are aluminium—copper (duralamin) alloys preforred for airframe
construction aver pure aluminium?
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Pure aluminivm
~ Low specific strength
~ Low density (light for a given volume)
~ Low strength
- Stable from a corrosion point of view
~ Easily formed ductile
Doralumin
~ Low density (light for given volume)
- High strengih
~ Poor corrosion resistance
~ High specific strength
- Requires heat treatment to get best properties
~ Not as ductile as Aluminium
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An aircraft has an age-hardened duralomin skin. During operation 250°C exhaust
gases are inadvertently directed onto the skin of the aircrat.

Deseribe how this would affect the mechanical properties of the skin.
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‘The outer skin on modern aircraft frames is generally made from sheet Alelad - a
high strength aluminium alloy coated with a thin layer of pure aluminium.
Explain the adventage of this material over the use of sheet aluminium alloy.
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Which principal element is alloyed with aluminium to aid fluidity in casting?

(A) Copper
(B) Manganese
(<) Siticon
D) Zinc
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Describe the steps involved in the heat treatment of duralumin (an
aluminium-copper alloy) to achieve its maximum strength.

The alloy is reheated to about S00°C where the CuAly is reabsorbed to produce a single
phase alloy.

This is now quench cooled to room temperature.

The alloy s then allowed to stand at room temperature for 57 days (Natural Aging) or may.

be replaced by artifcial aging when the alloyis reheated to 120°C causing the precipitation:
of eopper rich phase to occur within a few hours.
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Aluminium copper alloys can be strengthened by a heat treatment process.
Which of the following statements best describes the stages of this process?

(A) Heat to red heat, slowly cool to room temperature.
(B) Heat to about 150°C, quench to room temperature, reheat to slightly above 100°C.

@ Heat to form a uniform structure, quench to room temperature, reheat to a slightly
elevated temperature.

(D) Heat to recrystallisation temperature, cool o room temperature, reheat to slightly
below recrystallisation temperature.
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The properties of some aluminium-magnesium-silicon alloys can be altered using the
following procedure.

Solution treating =———>> Quenching T———1>> Reheating

‘What type of hardening process is this?

A Case hardening

B.  Flame hardening

C. Induction hardening
@ Precipitation hardening
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Aircraft skins can be constructed using either fibre metal laminate (FML) or sheet
aireraft-grade aluminium alloy.

FML is preferred in this application because it has

A higher density and lower Young's modslus.
B, higher densty and improved faigue resitance.

C. highersrengthto-weightratio and lover Young's modls
©)  nigher srengit-to-weight ratio and improved ftigue resistance.
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In modern aircraft, the external skin is riveted to the frame using solution 3

treated and quenched aluminium 4% copper alloy rivets. These rivets are used
immediately 1o attach the external skin of the aireraft 10 the frame.

Describe the changes that occur to the structure and properties of these rivets
after insallation.

After quenching the finely dispersed precipitate is unstable at room temperature and gathers in
zones by solid state diffusion and straining the lattice thus strengthening the alloy over time,

Also during installation of the rivet work hardening occurs due cold working of the alloy during
rivetine.
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a

Discuss the methods used to ensure aircraft structural integrity.

Each constituent part of an aircraft must remain in an airworthy condition
to maintain the structural integrity of the aircraft. Aircraft operators and
manufacturers assess the life cycle of components using a number of
different techniques. Full-scale fatigué tests are used under computer
controlled, simulated operating conditions along with other analytical
models. These models allow the development of specialised inspection
procedures to identify any critical failure locations.
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b Complete the table below by inserting applications in the aircraft
industry for each non-destructive testing procedure listed.

| Name Application
Magnetic Dry: Subsurface defects in
Particle heavy welds, forgings and
Inspection castings.

Wet: More complex shapes |
to allow better distribution
of particles.

X-ray Used for detecting
subsurface cracks,
blowholes and voids in cast
aircraft parts.

Not suitable for forgings!

Ultrasonic flaw | This type of testing can
detection locate extremely small
cracks and flaws. Al types
of materials can be tested
and the tester only needs
access to one side of the

[ article.
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c

Discuss the suitability of pure aluminium for use in the aircraft
industry.
Pure aluminium is unsuitable for aircraft structural members as it is too
soft and lacks strength. However aluminium’s very high corrosion
resistance makes it suitable to be hot-roiled onto the surface of alloy
sheet to provide a corrosion resistant layer. This alclad composite is
commonly used for the skin on airframes.




image17.png
d  With the aid of a sketch, briefly explain how the aluminium alloy

identification code is used.
A2024T3
Alclad Copper — the [ Modification | | Alloy Solution heat
covering main alloying || of the alioy || designator || treated, aged
ingredient (‘0’means no and cold
E‘_?d) worked
Major alloying ingredients: A modified alloy is assigned a number in place
1XXX Pure aluminium of the —0— such as in 2117T3. The one is defined
2XXX Copper by the manufacturer.
3XXX Manganese
4XXX Silicon The alloy designator, such as 17, 24, 51 or 75
B5XXX Magnesium contains the elements shown in the table above.

6XXX Magnesium-silicon
7XXX Zinc
8XXX Other elements

Figure 4.1 Reading aluminium alloy codes
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a

Outline the effects of alloying elements on aluminium alloys.

Copper

Aluminium is already a ductile and malleable material but the addition of
copper enhances these properties. Copper also prevents stress cracks
from forming and makes some alloys more shock resistant. The strength
and hardness is also increased as these alloys harden with age.

Magnesium
Weighing only two-thirds as much as aluminium, it can be used
structurally when it is alloyed with aluminium, zinc Or manganese.

Tensile strength is increased as is corrosion resistance, hardness and
weldability. Itisoften used in sheet form but aluminium-magnesium
5056 rivets are commonly used to hold skins to magnesium surfaces.

Zinc

Zinc in aluminium creates an alloy that is stiffer and more brittle that
pure aluminium. When combined with a little magnesium, heat treatable
alloys with very high strength result.

These alloys can be divided into two general categories: non-heat-
treatable and heat-treatable.
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Complete the table below by providing details of aluminium alloys
used in aircraft.

Alloy | Alloying Applications
Elements
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¢ Explain the major differences between natural aging and artificial
aging and provide some examples where each may be used.
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a  Complete the table below by suggesting some aeronautical
applications for the metals listed.

I
Altoy Alloying | Application
Elements
Titanium | 6% Aluminium, This alloy has a higher MP than steel and is
56% less dense. Tensile strength is equal to
| 4% Vanadium steel and twice that of aluminium. Its properties,
especially at high temperatures makes it suitable
for high-speed aircraft particufarly around hot
sections.
Stainless | 74% Steel Highly corrosion resistant due to the chromium
| steel % Chromi oxide formed on the surface, it is commenly cold
18° romium rolled to increase its strength. Can be used for
18/8 8% Nickel fire-walls, skins, structural parts and fasteners.
Magnesium Manganese Castings used for landing wheels, gas-turbine
alioys . air intakes, engine support plates and frames.
Aluminium & zinc | Sheet alloy, forgings and pressings are used for
airframes, welded petro! and oil tanks and for
parts of the fuselage and wings.
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ONE advantage and ONE disadvantage of the use of composite.
lace alominium alloys in aircraft components.
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