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Polymers and Composite
Material
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() Fibregiass construction is used o achicve sleek, smooth sufaces for gliders.
Describe the process of forming a Sbreglass fuselage for a glider.

A release agent is applied to a movld to allow the finished product o be removed clasly
‘From the mould. A gel coasis applied fo provide & smooth surface. Resin ~ typically a 2-patt

‘olyester, vinyl or epoxy — is mixed with its hardener and applied to ths surface. Sheets of *

fbreglass mattng are laid ito the mould, then more resin miture is added using & brush o
rolle.

2
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i) Nylon propellers are used on drones whercas carbon fibre composite
‘propellers are used on commercial aircraft.

Describe a suitable manufacturing method for each type of propeller

Vacuum layup of carbon fibre composites and injection moulding for nylon
‘hobby model propelles.

Impregnated carbon fibre sheet i laid onto a mould in the shape of the
propeller. The assernbly i placed ino a vacuum bag, The beg and asscribly
are placed into an avtoclave, the bag is cvacuated and then the assembly is
heated to allow it to sct.

‘Nylon propellers ae injection moulded. Nylon pelets e fod into a heated.
chamber with a screw, The screv rofates, and a combisation of riction,
pressure and extersal heat mels the nylon, The molten nylon is then pumped
into a multi-ity mould and allowed to coolset. The split e opens and the.
propeller cjecied
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State one new material development that led directly to a design
development.
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Applications of compesites in aircraft

The fin cowls of jet engines are subject to a
great deal of abuse during normal operation.
Huge temperature fluctuations, exposure to
petrochemicals, stress and punishing vibration
are all features of this component’s operational
life. To protect the engine struts and composite
fan cowls, the Boeing company is using a
lightweight, multi-layered firewall blanket
fabric composed of ceramic fibres. The blanket
is comprised of a central quilted core of
ceramic fibre fabric, bulk fibre insulation and
fibreglass cloth. This is then covered with a
silicone-coated fibreglass cloth. To further
protect the blanket from chemical damage and
abrasion this inner section is shielded with
aluminised fibreglass. The blanket significantly
reduces maintenance costs because of its
durability, ease of installation and longevity.
The ceramic fibre fabric has also been proven
in tests to meet the US Federal Aviation

Authority 1093°C 15-minute flame penetration
requirement.

The Europearrbased Airbus Industrie is
currently employing advanced carbon fibre
composite in the construction of new wing
sections.

In general terms, advanced composites have
found increasing application in commercial
aircraft structures as a result of the strength,
stiffness, fatigue-resistant, corrosiorrresistant
and weight benefits they afford. Safety and
reliability are high priorities for integrating
composite components into commercial aircraft

sfyuctures.

Today, there is ongoing research mto the long-
term effects of ultraviolet light and weathering
on composite structures. There is also some
concern about the propensity of composites to
suffer catastrophic failure. Due to the fact that
modern composites are a relative new
technology there is little historical information
available to assist researchers.
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Composite materials are also finding increasing
use in the repair of aircraft. A boron/epoxy
patch developed by the Australian Defence
Science and Technology Organization (DSTO)
in the 1970s is now used worldwide and has
significantly increased the operational life of
aircraft such as the E111 and the F/A-18 by
permitting cracks to be patched. The
boron/epoxy patch is adhesively bonded over a
cracked or corroded region to prevent further
deterioration. Composite repairs of this sort
offer a cost-effective means of repair without
the necessity to drill holes and fasten
conventional patches. Work is currently
underway to develop a ‘smart patch’ that
incorporates sensors to transmit information
about serviceability to a remote monitor.

Polymers

Polymers are large organic compounds. They
may be either natural or synthetic and share the
common feature of being based on the carbon
chain. Examples of naturally occurring
polymers include silk, wool, cotton, starch,
cellulose, rubber, DNA and RNA (although

with the exception of rubber we are not
accustomed to thinking about them in these
terms). Synthetic ~ polymers  including
polyethylene, nylon, neoprene, Teflon and
rayon are commonly referred to as plastics or
elastomers. The most common starting material
for most man-made polymers is crude oil.
Polymers used in aircraft manufacture or repair
may require some or all of the following
mechanical properties:
© High thermal and mechanical properties.
o Impact toughness.
Strength and stiffness.
Chemical resistance.
Environmental durability.
©  Flame resistance.
©  Optical properties.
End uses for these polymers in aircraft include
canopies, windscreens, windows, structural
members, tyres, coatings, wall sections and
interior linings.
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b Suggesta clear polymer that may be used for windows of aircraft.
Explain how the structure of this polymer makes it clear and suggest
a manufacturing method for these windows.

Polymer Acrufic / Perspex )

Manufacturing method Fdru et aheet then Harmotsrmad
Yo gro v (T e HEoRE =
Stmctureﬁm,a,;,alous s&nua)(uﬁ< So lts passes

Fhrovet, €asiley providing Yoansperen <.

¢ Suggest two polymers that have good wear resistance and would be
suitable for bearings or bushes.

/Vf'f/on 7’2//‘”\ -

d  Explain why one-piece moulds are often used when making aircraft
components.

Only a 5 vall nunder ardp/cmes are nedfe So

one prece troufdls ane offen usesd wikl Compssifes
/Jewﬁ’[ aced wp’ Jhis /s less expencive.
e Complets the table below by listing three thermosofiening polymers
and three thermose:ting polymers commonly used as matrices in
composite materials.

Thermosoftening polymers Thermosetting polymers
i _Polyethylene . i Epore .

1 7 7
i _Polystyrenc. i Polyecter
i Peolypropyfene i Phewolice

[e(\_{r'»\‘\oie
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Complete the table below by indicating the properties and
applications of the fibres listed.
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Fibre

| Properties

Applications

Glass

Relatively low cost, light weight,
high strength, non-metaliic

| characteristics.

‘E’ grade is good for general use
with excelient chemical, corrosion
and environmental resistance.

‘S’ grade has 40% greater tensile
strength and is more costly

Used for aircraft parts that don't
carry heavy loads. Common in
fuselage interiors, wing fairings and

| tralling edge panels on larger

aircraft butis used extensively in
primary structures of small aircraft
along with helicopter rotor blades.

r

Keviare

(aramid)

| Combines extremely high

toughness, tensife strength and
stiffness with low density. Low
compressive strength is one
major weakness but hybrids of
Kevlar and carbon overcome this
problem. Keviar has good fatigue
properties, chemical resistance
and high temperature strength.

While its toughness makes it good
for ballistic protection, as in bullet-
proof vests, the poor compressive
strength has prevented its use in
primary aircraft structures.

Kevlar/phenolic skins are used on
the lower surfaces of some military
aircraft to provide damage
resistance. The weapons bay door
on the B1 bomber is one example!
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| carbon
or
Graphite

1 Careful placement of these
| fibres can produce

composites that are stronger
and stiffer than equivalent
steel parts at half the weight.
Carbon fibre composites
have fatigue limits far in
excess of aluminium or steel
along with very low thermal
expansion. It has the best

| balance of properties and

cost.

1
| This is the most widely used of fibres

and has applications throughout
commercial and military aircraft in
both primary and secondary
structures.

Ribs, struts and skins in stabilizers,
vertical fin boxes, rudders, winglets,
elevators, ailerons and sections of
fuselages are all made from carbon
fibre composite materials. The
upper cargo doors of the space
shuttle are fabricated from
carbon/epoxy materials.

Boron

The boron gas vapour is
deposited onto a tungsten
filament. The resulting fibre is
stronger than carbon and much
stiffer and can be combined with
polymer and metal matrices to
form very strong light weight
structures. The fibre cost, larger

| diameter and handling difficulties

are all major design drawbacks.

The infroduction of boron fibres
allowed composites to be used
in primary, load-bearing airframe
components. Composites with
these fibres have many uses in
military aircraft including
stabilizers, rudders, struts,
reinforcements and even the
fuselage of the space shuttie.
Boron/epoxy is commonly used
as a patch in aircraft repairs.
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Explain what is meant by the term prepeg as it relates to composite
materials.

Fibres are available in a variety of continuous and chopped forms. They
are either available in dry forms that need to be mixed with the matrix
during the forming process or preimpregnated (prepeg) where the desired
matrix is already mixed with the fibres. These prepegs are kept under
controlled conditions, possibly refrigerated, until they are moulded. In a
prepeg, the partly cured matrix holds the fibres in the correct orientation
until the finished component is cured.

Prepegs are available in continuous, unidirectional fibre tapes, around
0.2mm thick, and available in rolls of various widths. Discontinuous
fibre tapes are also available, mainly for use with thermoplastic matrices.
These discontinuous fibres are up to 150 mm in length and typically
Kevlar, carbon and glass fibres are used. Short chopped fibres or
whiskers are also used in non-structural components.
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b Suggest reasons for using two-dimensional reinforcing fabrics.

‘Two-dimensional woven fabrics are often used in place of unidirectional
tapes for a number of reasons:

the product is tougher and less likely to delaminate

fewer layers of fabric are required thus allowing the component to
be thinner

lay-up time is much shorter as each layer of fabric is equivalent to
two layers of tape

fabrics can be woven from a mixture of fibres to provide a blending
of properties.
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Figure 44 Two—directional fabric
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¢ State the role of the matrix in a composite material

Any matrix within a composite:
+  binds the fibres together

« transfers the load between the fibres and keeps them in the correct
orientation

= protects the fibres from abrasion and oxidation/corrosion
*  provides the overall dimensions of the component

«  determines the service temperature and the compressive strength.
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Shape and size details of a joint pin for an airframe are given on the
drawing sheet 5.8 — pictorial drawing and three dimensioned orthogonal
views are given. Use this information to answer the following questions.

The following statements refer to the drawings of the airframe joint pin

Select the alternative, A, B, C or D that best completes the statement or
best answers the question. Circle the letter corresponding to your
sclection

1 The given orthogonal views of the joint pin are a:
a  right side, left side and sectioned front view
(®) right side, front and left side view
c  right side, top and front view

d right side, part front view and left side view

2 The number of @5 holes drilled through the threaded end is:

a one
b three

& o
d  four.

3 One view could have been omitted as it provides little additional
information. The dimensioning could have been placed on another
view. The view that could have been omitted is the;

a  frontview

b pictorial drawing
) leftside view

d  right side view

4 The reason that the top view has not been drawn is:
a there was no room for the drawing
® thatit is identical to the front view
(@ it would provide no additional information
d  there are too many views on the page.
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|

Shape and size details of a joint pin for an airframe are giver Jlow. A
pictorial drawing and three dimensioned orthogonal views are given.

M22x2

JOINT PIN

DISTED STUDENT SCALE 1:2
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5 The pitch of the M22 thread is:
a  half the depth of the thread

@ two
¢ the same as the depth of the thread
4

one.

6 The best method used to draw the 34 AF hexagon in the two views is to:
a  usean auxiliary view method
(®) draw using the distance across the points of 1.8D
¢ draw using the distance across the points of 2D

«d  draw the left side view of the hexagon starting with a @17 circle.

7 The height of the hexagonal end is:

@ osp

b 07D
& l4mm
4 16mm.
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8 The thickness of the flange is

a 4mm
& 6mm
¢ 2x4se
d R2

9 When manufacturing the joint pin the sizes used would be:
a  twice the sizes shown on the dimensioned drawing
b half the sizes shown on the dimensioned drawing
(®  the same sizes shown on the dimensioned drawing

d  none of the above.

10 The three dimensioned orthogonal views are drawn:
(@ inthird angle projection
b in first angle projection
¢ inisometric projection

4 with a thumb nail dipped in tar
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Composites, such as reinforced carbon and aramid fibre (Kevlar®) are
increasingly being used in modern aircraft production.

Excluding cost, compare the use of these composites over the use of traditional
materials such as aluminium alloys.

+ Superior strength to weight ratio [specmc steength :ﬁ“l"ma“,s“‘“]
deasity

+ Low corrosion characteristics

+ Low drag surface

- Readily formed into complex shapes

+ Good with adnesives as joining materials

E
* Superior specific stiffiess [ ]
density
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