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COMPOSITE MATERIALS

Course Objective:

Composites are a relatively new class of materials.

In this course the students learn about the benefits gained when combining different materials
into a composite. The Motive is to make the students to understand different processing methods,
issues, properties and testing methods of different composite materials

UNIT I INTRODUCTION TO COMPOSITES

Fundamentals of composites — need for composites — enhancement of properties —classification
of composites — Matrix-Polymer matrix composites (PMC), Metal matrix composites (MMC),
Ceramic matrix composites (CMC) — Reinforcement — particle reinforced composites, Fibre
reinforced composites. Applications of various types of composites. Fiber production techniques
for glass, carbon and ceramic fibers

UNIT II POLYMER MATRIX COMPOSITES

Polymer resins — thermosetting resins, thermoplastic resins — reinforcement fibres — rovings —
woven fabrics — non-woven random mats — various types of fibres. PMC processes - hand layup
processes — spray up processes— compression moulding — reinforced reaction injection moulding
- resin transfer moulding — Pultrusion — Filament winding — Injection moulding. Fibre reinforced
plastics (FRP), Glass Fibre Reinforced Plastics (GFRP). Laminates- Balanced Laminates,
Symmetric Laminates, Angle Ply Laminates, Cross Ply Laminates.-applications of PMC in
aerospace, automotive  industries

UNIT I METAL MATRIX COMPOSITES

Characteristics of MMC, various types of metal matrix composites alloy vs. MMC, advantages
of MMC, limitations of MMC, Reinforcements — particles — fibres. Effect of reinforcement —
volume fraction — rule of mixtures. Processing of MMC — powder metallurgy process - diffusion
bonding stir casting — squeeze casting, a spray process, Liquid infiltration In-situ reactions-
Interface measurement of interface properties- applications of MMC in aerospace, automotive
industries

UNIT IV CERAMIC MATRIX COMPOSITES AND SPECIAL COMPOSITES
Engineering ceramic materials — properties — advantages — limitations — monolithic ceramics -
need for CMC — ceramic matrix - various types of ceramic matrix composites- oxide ceramics —
non-oxide ceramics — aluminium oxide — silicon nitride — reinforcements — particles- fibres-
whiskers. Sintering - Hot pressing — Cold isostatic pressing (CIPing) — Hot isostatic pressing
(HIPing).applications of CMC in aerospace, automotive industries —Carbon / carbon composites
— advantages of carbon matrix — limitations of carbon matrix carbon fibre — chemical vapour
deposition of carbon on carbon fibre perform. Sol-gel technique - Processing of Ceramic Matrix
composites.
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UNIT V MECHANICS OF COMPOSITES

Lamina Constitutive Equations: Lamina Assumptions — Macroscopic Viewpoint.
Generalized Hooke’s Law. Reduction to Homogeneous Orthotropic Lamina — Isotropic limit
case, Orthotropic Stiffness matrix (Qij), Definition of stress and Moment Resultants. Strain
Displacement relations. Basic Assumptions of Laminated anisotropic plates. Laminate
Constitutive Equations — Coupling Interactions, Balanced Laminates, Symmetric Laminates,
Angle Ply Laminates, Cross Ply Laminates. Laminate Structural Moduli. Evaluation of
Lamina Properties from Laminate Tests. Quasi Isotropic Laminates. Determination of
Lamina stresses within Laminates.

Course Outcomes:
1. Able to understand and describe the basic concept and classification of composite.

2. To acquire the knowledge in polymer matrix composites and its processing methods.

3. To acquire the knowledge in metal matrix composites and its processing methods.

4. To acquire the knowledge in ceramics matrix composites and its processing methods.

5. Use of Mathematical techniques to predict them acroscopic properties of different Laminates
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