
MODULE 1 

                               ENGINEERING  

Introduction: 

Material is defined as that which consists of matter or occupies space. 

The common uses of material are in food particles, medicines, house, 

clothes, transportation and many more. Engineers and technologists need 

different materials for design and manufacturing of aircrafts, engines, ship 

building, construction etc. Materials are an essential part of engineering 

industry. An engineer needs materials to give shape for his concepts and 

design. 

Classification: 

Engineering materials may be classified into 4 broad types based on their 

nature. 

(i) Metals and alloys 

(ii) Ceramics 

(iii) Polymers 

(iv)Composites 

Metal is an elemental substance in pure form while an alloy is formed 

when two or more metal are mixed together to form a homogenous 

mixture. Metals can be either ferrous or non-ferrous. Ferrous metals 

contain iron while non-ferrous metals do not. both ferrous and non-ferrous 

metals are divided into pure metals and alloys. Ex: Iron and steel. An alloy 

is a mixture of two or more elements (Ex: iron and carbon) to make 

another metal with particular properties (Ex: steel). 

Ceramics are compounds of metallic and non-metallic elements which 

are very hard in nature. Ex: Silicon carbide and magnesium oxide 

Polymers are direct derivatives of carbon while are having long chain 

molecules with 3D structures. Ex: Plastics and polyethylene 

Composites are special materials where, one or more reinforcements are 

added the base metal (matrix) to form a heterogeneous mixture. Here the 

properties of the base metal are enhanced by adding small quantity of 

reinforcing materials. Ex: Fibre reinforced plastics (FRP) and carbon 

reinforced rubber. 
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ENGINEERING MATERIALS 

 

Metals 

A metal is a material that is typically hard, opaque, shiny, and features good 

electrical and thermal conductivity. Metals are generally malleable: they can be 

hammered or pressed permanently out of shape without breaking or cracking well 

as fusible and ductile. 

 

Metals can be either ferrous or non-ferrous. Ferrous metals contain iron while 

nonferrous metals do not. Both ferrous and non-ferrous metals are divided into pure 

metals and alloys. 

 

A pure metal is an element – Ex: iron, copper, gold - unalloyed (not mixed) with 

another substance. 

 

An alloy is a mixture of two or more elements (Ex: iron and carbon) to make 

another metal with Particular properties (Ex: steel). 

CLASSIFICATION OF ENGINEERING MATERIALS: 
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Ferrous metals: 

Ferrous metals contain iron. Examples are cast iron, mild steel, medium carbon 

steel, high carbon steel, stainless steel, and high speed steel. 

 

Types of ferrous Metals: 

 

 

 

 

a) Carbon steels: carbon steels are types of steel containing primarily iron and 

carbon. Other elements present in small proportions are sulphur, phosphorous, 

manganese and magnesium. The following types of carbon steel are. 

i) Mild steel or Low carbon steel 

Composition: It has a carbon content of 0.05 to 0.3%. The balance is iron. The 

most popularly used carbon steel is mild steel. 

Properties and characteristics: Tough, ductile and malleable. Good tensile 

strength, poor resistance to corrosion. 

Application: General-purpose engineering material like rivets, bolts, keys plain 

washer boiler plate’s shaft, camshafts and gear. 
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ii) Medium carbon steel 

Composition: It has a carbon content of 0.3 - 0.6% carbon. The remainder is iron 

content. 

Properties and characteristics: Strong, hard and tough, with a high tensile 

strength, but less ductile than mild steel. 

Application: It finds application in transmission shafts, springs, spring washers, 

crane hooks and hand tools etc. 

 

iii ) High carbon steel 

Composition: It has a carbon content of 0.6 - 1.5%. it has an iron content of 96% 

to 97%. 

Properties and characteristics: Even harder than medium carbon steel, and more 

brittle. Can be heat treated to make it harder and tougher. 

Application: Cutting tools, hammers, chisels, screw, punches, drills lathe tools, 

leaf springs and milling cutter. 

 

Stainless steel 

Composition: Alloy of iron and carbon with 16-26% chromium, 8-22% nickel and 

8% magnesium 

Characteristics: Hard and tough, resists wear and corrosion. 

Application: Cutlery, kitchen equipment, surgical equipment, chemical handling 

equipments and cutler etc. 

 

High speed steel 

Composition: Alloy of iron and 0.8 - 1.2% carbon (medium carbon steel) with 

tungsten, chromium, vanadium, and sometimes cobalt. 

Properties and characteristics: Very hard, high abrasion- and heat resistance 

Application: Cutting tools for machines. 

 

 

 

 

4
notesforvtu.in



 

 

5
notesforvtu.in



 

 

6notesforvtu.in



Non-ferrous metals 

Non-ferrous metals do not contain iron. Some common non-ferrous metals are 

aluminum, copper, zinc, tin, brass (copper + zinc), and bronze (copper + tin). 
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ADVANTAGES OF COMPOSITES 

1. Higher strength to weight ratio 

2  Incresed  stiffness to density ratio 

3 Enhanced fatique Resistance 

4. Better elevated temperature properties 

5. Higher strength 
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6. Lower Creep rate  

7. Lower coefficients of thermal expansion  

8. Better wear resistance  

LIMITATIONS OF COMPOSITES  

1. These are more brittle in nature & hence easily damaged.  

2.  Cost of production is high & Some Composites are difficult to fabricate.  

3. Cannot be easily recycled  

4. In laminate composites inspection is complicated as there may exists  internal defects.  

APPLICATIONS OF COMPOSITES IN AUTOMOBILES  

MMC are used in  

 Suspension system for improved damping & stiffness  

 Valves for high temperatures, Creep, wear-resistance.  

 Lubrication pump housing for wear resistance & low weight.  

 Brake callipers for low wear & weight.  

 Drive shaft for high stiffness & fatigue resistance  

 Connecting rod for fatigue & wear resistance.  

 Car body  

 Instrument panel (dash board)  

 Bumpers  

 Radiators grill  

 Automobile sheet metal skin.  

APPLICATION OF COMPOSITES IN AIRCRAFTS  

 Airframe of an aircraft  

 Main landing gear door.  

 Nose landing gear door.  

 Flap link  

 Helicopter Rotor blades  

 Aircraft propeller blades  

 Aircraft seats  

 Instrument panel (dash board)  

 Carbon fibre reinforced polymer is used in wing & nose.  

 Used to deflect radar waves & also to absorb them.  

 Used in fuel tank  

 Turbines & combustion chamber Components. 
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MR Fluids 

Magnetorheological (MR) fluid is a "smart" material composed of micron-sized 

magnetic particles (usually iron) suspended in a carrier oil, which changes from 

a liquid to a near-solid state within milliseconds when exposed to a magnetic 

field. This reversible, controllable, and rapid viscosity change allows it to be 

used for precise force control in vehicle dampers, automotive clutches, seismic 

dampers, and prosthetic limbs. 

Key Aspects of MR Fluid: 

Mechanism: Without a magnetic field, the fluid flows freely. When a magnetic 

field is applied, the iron particles align into chains, causing the fluid to behave 

like a visco-elastic solid. 

Composition: Primarily consists of soft magnetic particles, a carrier fluid (like 

oil), and surfactants to prevent sedimentation 

Key Properties 

 Fast response time (milliseconds) 

 Controllable viscosity 

 Reversible behaviour 

 Operates over wide temperature range 

 High yield stress under magnetic field 

Applications: 

o Automotive: Suspensions, shock absorbers, and engine mounts. 

o Industrial: Clutches, brakes, and polishing tools. 

o Structural: Seismic dampers for buildings. 
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Advantages and Disadvantages of Nanomaterials 

Advantages 

1. High Strength and Lightweight 
Nanomaterials such as Carbon Nanotubes are extremely strong yet very light, making 

them useful in aerospace, automobiles, and sports equipment. 

2. Improved Electrical Conductivity 

Materials like Graphene conduct electricity better than many traditional materials, 

improving electronic devices and batteries. 

3. Large Surface Area 
Nanomaterials have a very high surface area compared to their volume, increasing 

their chemical reactivity. This is useful in catalysts and sensors. 

4. Medical Applications 

Used in drug delivery systems, cancer treatment, imaging, and diagnostics with better 

precision and fewer side effects. 

5. Better Energy Efficiency 
Improve performance of solar cells, fuel cells, and energy storage devices. 

6. Environmental Applications 

Help in water purification, air filtration, and pollution control. 

 Disadvantages 

1. Health Risks 

Some nanoparticles may cause respiratory problems or cell damage if inhaled or 

absorbed. 

2. Environmental Impact 
Nanoparticles can accumulate in soil and water, potentially harming ecosystems. 

3. High Production Cost 
Manufacturing requires advanced technology and is often expensive. 

4. Toxicity Issues 
Certain nanomaterials may be toxic to humans and animals. 

5. Lack of Regulations 
Safety guidelines and regulations are still developing in many countries. 

6. Difficult Disposal 

Recycling and safe disposal methods are not yet fully developed. 
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