Module 1 Introduction

Unit 1 Evolution of Aviation Materials

Partl Lead-in
Task 1

(1) Fung Ru is the father of China’s aviation, who is China’s first aircraft designer,
manufacturer and aviator.

(2) The first airplane was made of wood frame and fabric.

(3) C919 is a large passenger aircraft, which is China’s first homegrown large jetliner. The

main materials are aluminum alloy and high-strength carbon fibre composite materials.
PartII Reading
Task 2

1. (1) Aircraft structure materials have experienced five stages:
The first stage (1903-1919): wood, fabric;
The second stage (1920-1949): aluminum, steel;
The third stage (1950-1969): aluminum, titanium, steel;
The fourth stage (1970-ecarly 2Ist century): aluminum, titanium, steel, composite
material(mainly aluminum);
The fifth stage (early 2lIst century—): composite materials, aluminum, titanium, steel (mainly
composite materials).
(2) The airplane structure utilizes advanced composite materials for their high strength-to-
weight properties.
(3)“A generation material, a generation aircraft.” To some extent, the development of
aviation material determines the development of aviation industry.
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Part III Listening

Task 4
1. CEABD

2. aircraft, material, strength, 1983, replaced
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Unit 2 Properties of Aviation Materials

Partl Lead-in
Task 1

(1) A brittle material that experiences very little or no plastic deformation upon fracture
while ductile materials undergo large plastic deformation before fracture.

(2) But after running a marathon at 18, she discovered that mental toughness matters is
more important than physical strength in long-distance sports.

(3) The material used in membrane structure is a kind of film material with good strength
and flexibility.
Part I Reading

Task 2

1. (1) The impact of certain external conditions on the component, such as load,
temperature, or the strength of the current through the material.

(2) High strength, light weight and high temperature and corrosion resistance.

(3) Metal-based compounds, ceramics, carbon/carbon and various composite materials.

2. DHABJ CEFIG

3. properties, payloads, durable, eliminate, ceramics

4. CBDDC
5.(1) MAh, PORAPLBMEREIF A RAEER), LW SRR | 2 AL SR
2.

(2) Bkl B2 R3S Il CALRERS S0 B A e

(3) FEPRUEAT R RS EE R ORI “ATPERERTR LT, AR HE i ] LUK
P CHLAA ST BE

(4) 9 TIERHRAS IR i H AR R EE 20K, B TRt et, e s i
B, Mg R BRI RN E S

(5) AFhERIBPIAPRIABTR], B T RHLRIBR S PERE

Task 3

LGSR ; PUihifids; aa; moREiRER; E BIELr4E

2. FFTTF
Part III Listening

Task 4
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Part IV Translating Skills

Task 5
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Module2 Common Types of Aviation Materials

Unit 3 Metal Materials

3.1 Ultra-high Strength Steels & Stainless Steels

Partl Lead-in
Task 1

(1) The new model’s frame increases the use of super-strength steel, reducing the total
weight of the car by 20 kilograms.
(2) Our company produces a complete range of stainless steel accessories with high quality.

(3) The picture is a warning sign of corrosion.
PartII Reading

Task 2

(1) Ultra-high strength steels are those with a yield strength greater than 1,300 N/mm’
and a tensile strength greater than 1,400 N/mm’, and are not normally used in a quenched and
tempered state.

(2) The disadvantage of ultra-high strength steel is that its fatigue performance is very
sensitive to stress concentration, and thus the fatigue performance of parts will be greatly
reduced, to as low as less than half that of the original materials.

(3) Stainless steels can be divided into martensitic stainless steel, ferritic stainless steel, and
austenitic stainless steel according to their microstructures after normalizing.
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Part III Listening

Task 4
1. BADEC

2. applied, wide, stressed, strength, resistance

Part IV Translating Skills
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Unit 3 Metal Materials

3.2 Super Alloys & Aluminium Alloys

Partl Lead-in
Task 1

(1) The sunroom made of aluminum alloy is very strong and comfortable.
(2) Super alloys can be used at temperatures up to 1,100 °C .

(3) Aluminum has a low density, which is 2.7 g/cm’.
PartII Reading
Task 2

1. (1) Super alloys can withstand certain stresses, oxidation and corrosion at temperatures
between 600 °C and 1,100 C .

(2) The characteristics of nickel, tungsten, tantalum and their alloys are their high melting
points and good heat resistance.

(3) Aluminum and its alloys have the following characteristics: High specific strength.
Excellent physical and chemical properties with a electrical conductivity. Good processability
with their good plasticity.

2. DIFAC JBHEG

3. vacuum, indispensable, oxidation, processability, conductivity
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Task 4
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Part IV Translating Skills

Task 5
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Unit 3 Metal Materials

3.3 Magnesium Alloys & Titanium Alloys

Partl Lead-in
Task 1

(1) Titanium alloys can resist high temperature,which has been used for compressor, blades
fans

(2) Titanium alloys are stronger and stiffer than aluminum alloys.

(3) Magnesium and its alloys have low density, high specific strength and modulus, strong

shock resistance.
Part Il Reading
Task 2

1. (1) The main advantages of magnesium alloys are their low density, high specific
strength and modulus, strong shock resistance, and ability to withstand large impact loads. They
also have excellent cutting and polishing properties.

(2) It enables aircraft to withstand the extreme heat generated during high-speed flight,
ensuring the structural integrity of the aircraft. The use of titanium alloy in high-speed aircraft
also reduces the overall weight of the aircraft, which improves performance and fuel efficiency.

(3) Magnesium alloys have limitations in their application due to their high chemical
reactivity (poor corrosion resistance) and the need for complex smelting techniques. They are
also difficult to cold-deform and have a high notch sensitivity, which imposes restrictions on
their use.

2. CHAFJ BIGED

3. stability, resistance, smelt, harden, sensitivity

4. CDAAB

5.(1) BASEIRME, St BUgrEIR, PIMREAG T HA R

(2) BaaRatrR h R —Fha)m, RIS E WL, i, G8, JiZk
LA T

(3) SR-71 JZME—REFE 24000 m [z L 3.2 Sy LA b A AT AL KL,

(4) B 93% Rk & eAE CHLRZSHRTRL, 5 T4 WHLEE T — BB miRm s i .

(5) RAEBREA A, (HHAFRME R 2 B R B T, SBUE
AR — B 5 o

Task 3

L BJEAE; %0e; BO8E; BROHEECIF; Ak

2. FFTFF




Part III Listening
Task 4
1. CEBDA
2. 1950s, 45%, 60%, chemical, aircraft
Part IV Translating Skills
Task 5
Initialisms: MLG GPS GPWS TE MCDU AC VHF
Acronyms: ROM UNESCO SIM OPEC RAD ARDOS BASIC




Unit4 Non-metallic Materials

4.1 Structural Ceramics

Partl Lead-in
Task 1

(1) The word ceramic comes from the Greek word “keramikos”, which means “pottery”.

(2) Ceramics are widely used in some corrosive or high-temperature environments.
Ceramics are irreplaceable.

(3) Ceramic matrix composite has the advantages of light weight and high hardness, which

is an ideal material for high-performance turbine engines.
Part Il Reading
Task 2

1. (1) Some common examples of structural ceramics used in industry include silicon
carbide (SiC), silicon nitride (Si;N,), aluminum oxide (Al,O5), and zirconium dioxide (ZrO,).
These ceramics have excellent mechanical, thermal, and chemical properties, making them
suitable for various structural applications. They are used in industries such as aerospace,
defense, automotive, energy, and mining.

(2) The four steps in making ceramics are:

1) Preparing the ceramic powder;

2) Molding the clay;

3) Sintering (or drying);

4) Firing the clay.

In each step, specific actions and processes occur to transform the raw materials into
finished ceramics. The quality and properties of the final product depend on the accuracy and
skill employed in each step.

(3) Ceramic matrix composites are useful in aviation because they are light, hard, and resist
high temperatures and corrosion. They can replace traditional materials in critical engine parts,
like turbine seals and nozzles, to improve performance and durability. This can lead to better
engine efficiency and aircraft performance.
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Task 4
1. BECAD

2. greek, brittle, room, components, thermal

Part IV Translating Skills
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Unit4 Non-metallic Materials

4.2 Engineering Polymers
Partl Lead-in

Task 1

(1) Engineered polymers include natural materials rubber and synthetic materials plastics.
(2) Compared with metals, the mechanical strength of plastics is not particularly high.

(3) The synthetic rubber material makes the robot more flexible and durable.

Part Il Reading
Task 2

1. (1) A high specific strength; a wide range of colors; absorb and disperse mechanical
vibration; good resistance to oil, solvents and chemical media; have good antioxidant and ozone
resistance performance.

(2) Aircraft rubber materials have good resistance to oil, solvents and chemical media,
Aircraft rubber materials can effectively absorb and disperse mechanical vibration and energy,
reducing the transmission of vibration and thus have good vibration and sound insulation effects.
Aircraft rubber materials have a high wear resistance and can maintain a long service life in
harsh conditions. Aircraft rubber materials can also be used for a long time without damage in
outdoor environments and have good antioxidant and ozone resistance performance.

(3) The synthetic rubber material is much better in terms of heat resistance, aging resistance
and oil medium than natural rubber.
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Part III Listening

Task 4
1. CBAED
2. structures, compared, formed, polymers, heat

Part IV Translating Skills

Task 5

(1) nine thousand, eight hundred and eighty-three

(2) sixty-five thousand, three hundred and fifty-nine

(3) two hundred and sixty-five thousand, four hundred and sixty-eight

(4) sixty million, two hundred and sixty-three thousand, one hundred and fifty

(5) sixty-eight billion,seven hundred and ninety million,three hundred and forty-eight

thousand, one hundred and ninety-seven

4.3 Aircraft Coatings & Aircraft Fuel

Partl Lead-in
Task 1

(1) He is coating the wooden board with colored protective paint.

(2) Pigments not only color the film but also increase its strength, wear and corrosion
resistance.

(3) Aircraft fuel is the main energy source for modern aircraft engines.

PartIl Reading
Task 2

1. (1) Aircraft skin; aircraft cabin; aircraft engines; aircraft components; insulation layer,
fireproof layer, etc.
(2) Aviation kerosene.
(3) No, it isn’t.
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Part III Listening
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Unit5 Composite Materials

5.1 Reinforcements

5.1.1 Common Fibre Reinforcements
Partl Lead-in

Task 1

(1) Aramid fibre has light weight, high strength and good toughness, which is the best
choice for the manufacture of body armor.

(2) Most of the blades of wind turbines use GFRP ,which has light weight, high strength
and corrosion resistance.

(3) Garbon fibre composite can reduce the weight of the car by 40% to 60%.
PartIl Reading
Task 2

1. (1) High temperature resistance, non-flammable, anti-corrosion, heat/sound/electrical
insulation, high tensile strength.
(2) 3 to 10 times stiffer.
(3) Aramid fibres are hygroscopic. They also have a high coefficient of thermal expansion.
One of the other disadvantages of aramid fibres is that they have a much lower compression
strength than tension strength.
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Unit5 Composite Materials

5.1 Reinforcements
5.1.2 Other Fibre Reinforcements

Partl Lead-in
Task 1

(1) Boron fibres are mainly used in military aviation, such as the first F-15 stabilizers.

(2) The turbine blades of gas turbine engines are made of high-temperature resistant
ceramic fibres.

(3) The BMS-276 material, which contains particle fibre, is used in 777 empennage and

floor beams.
Part Il Reading
Task 2

1. (1) Because the thermal expansion of boron is close to aluminum and there is no
galvanic corrosion potential.
(2) Bullet resistant vests and other types of protective armor.
(3) Pure silicon oxide.
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Task 4
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Part IV Translating Skills
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Unit5 Composite Materials

5.1 Reinforcements
5.1.3 Fabric Types and Constructions

Partl Lead-in
Task 1

(1) Unidirectional tape,which is one direction of reinforcement ,is one of available form of
prepreg.

(2) Fabrics usually contain warp filaments and weft filaments.

(3) There are many dry fabric materials on the shelf, such as Kevlar, fibreglass, and carbon
fibre.

Part Il Reading

Task 2
1. (1) An individual fibre is called a filament.
(2) Tape products have high strength in the fibre direction.
(3) The direction that the fabric comes off the roll is called the warp or rollout direction.
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Task 4
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Part IV Translating Skills
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(1) fourteen point one five percent (2) nine point zero seven percent
(3) five percent (4) ten percent

(5) twenty-two point five eight percent (6) zero point zero nine percent
(7) twenty-six percent (8) six point eight six percent




Unit5 Composite Materials

5.2 Resin Types

5.2.1 Introduction of Resin Matrix
Partl Lead-in
Task 1

(1) Polyesters are used for manufacturing boats, sporting goods, and other non-aerospace
products.

(2) Boeing aircraft are used phenolic resin for interior components because of its’fire
resistant.

(3) The melting point of ordinary plastic bags is about 90-260 degrees Celsius.
PartIl Reading
Task 2

1. (1) Good mechanical properties, good adhesive properties, good toughness properties
and good resistance to environmental degradation.

(2) Thermosetting resins undergo chemical reaction during the cure, but will not melt and
has different stages. Thermoplastic resins, which will melt at high temperature, will not undergo
chemical reaction during part production.

(3) Polyimides and bismalamides (BMI).
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Part IV Translating Skills

Task 5
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Unit5 Composite Materials

5.2 Resin Types
5.2.2 Epoxies

Partl Lead-in

Task 1
(1) A freezer, with temperature monitoring equipment, is necessary for long term storage.
(2) The chewing gum will be tacky and softened at high temperature.
(3) Some resin systems have a dye added to aid in seeing how well the material is mixed.
PartII Reading
Task 2
1. (1) The epoxy strength is directly related to the amount of cross linking between
molecules.
(2) The glass transition temperature depends on the resin and curing agent mixture
(3) The A stage: no cross links exist between epoxy molecules.
The B stage: In the B-stage, some cross linking is present.
The C stage: Fully cured resins are called “C-staged”.
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Part IV Translating Skills
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Unit5 Composite Materials

5.3 Core Materials

Partl Lead-in
Task 1

(1) The two main structural elements in sandwich construction are core and face sheet.
(2) Initial cutting of core thickness is usually done with a band saw.

(3) This company supplies background paintings on hexagonal fibre canvas.
PartIl Reading
Task 2

1. (1) The core supports the face sheets against buckling, and resists out of plane shear
loads.

(2) Honeycomb core can be made from aluminum, titanium, steel and aramid
paper(Nomex, Kevlar N636). Fibreglass is used for higher strength applications. Carbon fibre
reinforced core is available, but is seldom used.

(3) X-acto knives, band saws and sanding disks.
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2. comparison, directional, thickness, corrode, plies
Part IV Translating Skills
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Module 3 Selection of Aviation Materials

Unit 6 Airframe Materials

6.1 Aircraft Structure

Partl Lead-in
Task 1

(1) The longitudinal structural elements of the semimonocoque fuselage are beams and
stringers.

(2) Various control surfaces are located on the wings including flaps, slats, spoilers, and the
ailerons.

(3) Most aircraft wheels are mounted on shock-absorbing struts.
Part Il Reading
Task 2

1. (1) The main difference between aerospace structures and materials and civil engineering
structures and materials lies in their weight.

(2) The fuselage is the main structure or body of an airplane, which consists of cockpit, the
passenger cabin and the cargo compartments. It provides space for cargo, controls, accessories,
passengers, and other equipment.

(3) The empennage of aircraft is also known as the tail section, consists of tail cone, fixed
surfaces and movable surfaces. The vertical stabilizer and horizontal stabilizer are the fixed
surfaces. The movable surfaces are usually a rudder and elevators. The rudder is used for
directional and yaw control, while the elevators are attached to the trailing edge of horizontal
stabilizer and provide additional pitch control.

2. GJEIH FDABC

3. monocoque, undercarriage, empennage, aileron, Thermal

4. CBDAC
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2. FFTTF
PartIII Listening

Task 4
1. CDBEA
2. speed, rudder, safety, to lighten, spoilers

Part IV Translating Skills

Task 5
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Unit 6 Airframe Materials

6.2 Aircraft Materials

Partl Lead-in
Task 1

(1) Cost includes initial material cost, manufacturing cost and maintenance cost.
(2) The 2024 alloys have excellent fracture toughness and slow crack growth rate as well
as good fatigue life.

(3) The Boeing 787 aircraft use of more than 50% of the composite materials.
Part Il Reading
Task 2

1. (1) There are two main kinds of materials used in aircraft structures: traditional metallic
materials and advanced composites. Traditional metallic materials used in aircraft structures are
aluminum, titanium and steel alloys.

(2) The 2024 alloys have excellent fracture toughness and slow crack growth rate as well
as good fatigue life.

(3) Polymer matrix composites are usually for lower temperature (less than 300 °F)
applications, and ceramic matrix composites are intended for applications in hot (higher than
1,500 °F) environments, such as jet engines.
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Task 4
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Part IV Translating Skills
Task 5
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Unit 7 Aircraft Engine Materials

Partl Lead-in
Task 1

(1) The following diagram shows the internal construction of the compressor as well as the
name of each component.
(2) The material of the combustion chamber must be resistant to high temperature.

(3) We can increase the engine thrust by raising the gas temperature.
PartII Reading
Task 2

1. (1) The fan and the compressor, which are so-called cold section, where the temperature
is low to medium, titanium parts are often used.
(2) The outer casing experiences low temperatures, thus composites are suitable materials.
(3) The developmental tendencies in obtaining high performance of gas turbines are chiefly
connected with an increase in the engine’s capacity, its efficiency, lifetime, reliability and a
decrease in the fuel consumption.
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Part III Listening

Task 4
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Module 4 Manufacturing Processes of Aviation Materials

Unit 8 Forming and Deforming Processes

Partl Lead-in
Task 1

(1) Die casting is a manufacturing process that can produce geometrically complex metal
parts through the use of reusable molds, called dies.

(2) A drilling operation can produce a blind hole, which extends to some depth inside the
work-piece.

(3) 3D printed parts are typically infiltrated with a sealant to improve strength and surface
finish.

PartII Reading
Task 2

1. (1) The forming processes generates little or no waste materials, which is why they are
also called chip-free operations.
(2) By different processes involved, pressure processing can be divided into forging,
rolling, extrusion, drawing, and stamping and the like
(3) Welding is a quick and efficient way of joining two separate solid work pieces together
by atomic bonding force. Depending on whether pressure is applied during the welding process,
it can be divided into pressure welding and fusion welding.
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Part III Listening

Task 4
1. EBDCA

2. mechanical, change, improving, chemical, wear resistance
Part IV Translating Skills
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Unit9 Manufacturing Processes of Composites

Partl Lead-in
Task 1

(1) Resin Transfer Molding, which is one of the best methods for the mass production of
composite parts, continues to be an increasingly popular method of fabrication.

(2) Compression Molding is a traditional technique which is used to mold thermoset resin
into the desired shape.

(3) The Vacuum Infusion Process (VIP) is a technique that uses vacuum pressure to drive
resin into a laminate. This process greatly improves the fibre-to-resin ratio, and results in a

stronger and lighter product.
PartII Reading
Task 2

1. (1) Room temperature cures, oven cures, and autoclave cures.
(2) Six stages:
Heating stage of composites autoclave;
Adhesive stage of composites autoclave;
Continuous heating stage of composites autoclave;
Thermal insulation and pressure stage;
Cooling Stage;
Processing stage.
(3) Gradually solidify the resin into a gel state.
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2. pressure, mold, conform, rates, degradation
Part IV Translating Skills
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Module 5 Maintenance of Aviation Materials

Unit 10  Damage Classification

Partl Lead-in
Task 1

(1) There is damage to radome honeycomb sandwich structure.
(2) The following picture show the erosion damage to wingtip.
(3) This picture shows corrosion of aluminum lightning protection mesh on an aircraft.

PartII Reading
Task 2

1. (1) In this structural repair manual, the term “damage” is defined as a cross-sectional
area change or a permanent distortion of a structural member.
(2) “Allowable Damage” is defined as damage that is permitted with no other flight
restrictions.
(3) “Replacement of Damaged Parts” is defined as damage where the part must be
replaced.
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Task 4
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Unit 11 Types of Inspections

Partl Lead-in
Task 1

(1) Tap testing is the most common technique used for the detection of delamination and/or
disbond.

(2) Ultrasonic inspection is a very useful tool for detecting delamination, voids and other
damage inside the composite.

(3) Pulse echo inspections are used to find delaminations, cracks, porosity, water, and

disbonds of bonded components.
Part Il Reading

Task 2

1. (1) Three. General Visual Inspection (GVI), Detailed Inspection (DET) and Special
Detailed (Non-Destructive Testing) Inspection (SDI).

(2) Non-Destructive Testing (NDT) inspections are used to examine all subsurface damage
and most small cracks. NDT is also used in areas where a visual inspection is not sufficient to
find the dimensions of damage.

(3) Eddy Current, ultrasonic, resonance frequency, X-Ray, magnetic particle and penetrant.
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Unit 12 Common Repair Procedures

Partl Lead-in
Task 1

(1) Prepreg and dry fabrics can be cut with hand tools, such as scissors, pizza cutters, and
knives.

(2) The figure below describes the process of repair layup.

(3) Autoclave is a special pressure vessel that can withstand and control the temperature

and pressure range.
PartIl Reading
Task 2

1. (1) If you do, tiny dissimilar metal particles will become imbedded in the surface of the
metal. This can cause corrosion and more damage to the part.

(2) Because damage that is not completely removed can reduce the fatigue strength of
the part, which can result in cracking. In extreme cases, undetected fatigue cracking could
compromise structural integrity.

(3) Clean up the damage by sanding manually or with power tools.
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PartIII Listening

Task 4
1. BDEAC
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