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Objectives

The course introduces the student to the basic principles and mechanisms of smart materials
and devices and provides a spring board for further study. The student will be able to
demonstrate knowledge and understanding of the physical principles and mechanisms
underlying the behavior of various smart materials, actuators and transducers developed

based on smart materials and their applications.

Contents of the course
(With approximate

break up of hours)

INTRODUCTION (8Hrs)

Overview of Smart and functional materials, smart systems, smart structures and smart
MEMS

SHAPE MEMORY ALLOYS and POLYMERS (8Hrs)

Principle of actuation; types; one-way, two-way and superelastic effects; constitutive,
hysteresis and finite element modeling; temperature dynamics and control.

PIEZOELECTIC, ELECTROSTRICTIVE and MAGNETOSTICTIVE MATERIAS (6Hrs)

PZT, PMN, Terfenol-D and Galfenol- Nonlinearity, hysteresis and dynamic characteristics.
ELECTROACTIVE POLYMERS and GELS (6 Hrs)

Principles of operation; types; performance analysis; Dynamic modeling; EAPs as artificial
muscles.

ER and MR FLUIDS (5 Hrs)

Functions and physical mechanisms, Winslow effect, water bridge model; temperature
dependence, particle size & shape and heat transfer effects.

APPLICATIONS (12Hrs)

Medical, non-medical and industrial applications; chemical indicating devices, energy
storage devices; applications in nanotechnology and biomimetics; smart structures and
actuators; smart sensors.
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