
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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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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