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Preamble 
 

The piezoelectric materials are well known for their unique electro-mechanical conversion 

capabilities. These materials produce the electrical voltage when subjected to mechanical strain 

commonly termed as direct piezoelectric effect. On contrary, these materials under the effect 

of electric field induce mechanical strain which is known as converse piezoelectric effect. 

Owing to their unique and multifunctional capabilities these materials have captured a huge 

market for sensing, actuation and energy harvesting applications. However, most of the 

commercialized piezoceramics are lead-based and this highly carcinogenic. Additionally, they 

are often limited by their low output parameters and performance. Therefore, it is the need of 

the hour to develop such materials which are lead-free and can show enhanced performance. 

Therefore, this thesis puts forward the poling tuning strategy to enhance the performance of 

the piezoelectric materials. In particular, it presents the idea of magnifying the sensing and 

actuation capability of the piezoelectric materials by poling them at a particular angle.  

The results obtained in the present investigations have been compiled as five chapters as 

follows: 

Chapter 1 provides a brief introduction about the smart materials. It sheds light on the working 

principle of piezoelectric materials, their applications, modes of operation, challenges and 

strategies to overcome the impediments. It also mentions the different routes adopted so far to 

increase the piezoelectric performance.  

Chapter 2 begins with concept of poling tuning in the piezoelectric materials. Initially, the 

mathematical expressions were derived to take into account the effect of poling direction on 

sensing and actuation of the piezoelectric materials operating in transverse mode. Later on, the 



closed form expressions for optimized angle for actuation and sensing were validated against 

the finite element simulations for different material systems. 

Chapter 3 expands the idea of poling tuning theoretically towards the piezoelectric materials 

operating in longitudinal mode. Again, the effect of poling direction on sensing and actuation 

behavior was observed for different materials. Additionally, the distance between the 

electrodes and electrode width was varied to optimize the actuating and sensing capabilities.  

Chapter 4 propounds the novel concept of graded poling in piezo materials with a motivation 

to capture completely the bending and shear stresses in the piezoelectric elements. The 

performance of the graded elements was compared with those operating in transverse and shear 

mode. The results suggested that the introduced concept of graded poling can tremendously 

increase the capabilities of piezoelectric materials.  

Chapter 5 concludes the thesis by summarizing the key findings of the investigation and 

highlights the best results obtained during individual studies. It also gives an insight of the 

challenges associated with the work and some of the future directions. 

The following publications are largely based on the studies conducted as a part of the research 

work reported over here: 
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