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Abstract— The term "energy harvesting" refers to the 

generation of energy from sources such as ambient 

temperature, vibration or air flow. Converting the available 

energy from the environment allows a self-sufficient energy 

supply for small electric loads such as sensors or radio 

transmitters. Kinetic energy can be converted into electrical 

energy by means of the piezoelectric effect: Piezo elements 

convert the kinetic energy from vibrations or shocks into 

electrical energy. Using suitable electronics, this effect can 

be used for creating a self-sufficient energy supply system. 

This is of particular interest whenever a power supply via 

cable is not possible and the use of batteries and the 

associated maintenance expenditure are not desired. On that 

point are numerous agents on which amount of energy that 

can be gleaned from a vibrating system depends. The 

condition of the piezo - patch, position of the piezo - patch, 

magnitude of applied load, type of material used, model 

configuration, circuitry used etc. are some important 

elements that must be considered during energy harvesting. 

In this paper, we have reviewed the vibrational energy 

harvesting from different model configurations and also we 

have brushed up some papers in order to examine the 

various techniques through which efficiency of a 

piezoelectric energy harvester can be bettered. 
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I. ENERGY HARVESTING FROM VARIOUS CONFIGURATIONS 

There are numerous factors on which amount of energy that 

can be harvested from a vibrating system depends. Shape of 

piezo-patch, position of piezo-patch, magnitude of applied 

load, type of material used, model configuration, circuitry 

used etc. are some important factors that must be considered 

during energy harvesting. In this section we have reviewed 

the vibrational energy harvesting from different model 

configurations. 

A. Cantilever Configuration 

In a cantilever type arrangement one end of the structure 

(plate, beam etc.) remains fixed while other end is free to get 

displaced, such type of structure can produce large amount 

of deformation under vibrations and hence can be used to 

produce pressure-electricity. 

Flynn and Sander (2002) worked on PZT-5H to 

find out the maximum limit of a stress cycle, that was 

330W/cm  and concluded that limiting stress is an important 

constraint for a vibrating cantilever configuration. Elvin et 

al.(2001) performed the energy harvesting experiment using 

PZT material on a simple beam ,  proposed a theoretical 

model and concluded that a simple bending beam can be 

used as a power source for strain energy sensors. Wright et 

al.(2003) investigated piezoelectric convertors and 

capacitive MEMS and found that low level vibrations 

occurring in office environment and local household can be 

used as an effective power source. Roundy et al.(2004) 

optimized a two layer cantilever piezoelectric generator and 

validate it by theoretical analysis. Figure (1) shows a two 

layer bender cantilever configuration used for energy 

harvesting. 

 
Fig. 1: A two layer bender mounted as a cantilever. Where S 

is strain, M is mass, V is voltage and Z is vertical 

displacement. Roundy et al.(2004) 

Lealand et al.(2005) worked on enhancing power 

harvesting capacity from low level ambient vibration 

sources and modeled a piezoelectric based small cantilever 

device. Wright et al.(2006) reduced the resonance frequency 

up to 24% by using axially compressed piezoelectric 

bimorph and found that 19-24% below the unloaded natural 

frequency ,power output becomes 65-90% of nominal value. 

Inman et al.(2005) compared the efficiency of monolithic 

piezoelectric(PZT) and micro fiber composite(MFC) and 

also determined experimentally the capacities of three 

different piezoelectric devices(a monolithic PZT, a bimorph 

Quick Pack QP and MFC) to recharge a discharged battery. 

Park et al.(2009) proposed a piezoelectric cantilever with a 

proof of micro-machined Si  mass for low frequency 

vibrations energy harvesting applications and concluded that 

average power and power density were 0.32W , 416 W/cm  

respectively. 

B. Shell Configuration 

The efficiency of piezoelectric energy harvesting can be 

improved by shell type structure because it can generate 

more strain as comparison to flat plate. Yoon et al.(2008) 

used a pneumatic shock machine to investigate the effect of 

gunfire shock on a ring shaped PZT-5A element and show 

the dependency of piezoelectric constant on load rate , 

energy transfer efficiency on the change in normalized 

impulse and shock bearing ability of piezo material. Yang et 

al.(2007) harvested piezoelectric energy torsional vibrations 

from a circular piezoelectric cell using polarized ceramics. 

Figure (2) shows a circular piezoelectric shell under 

mechanical loads as a generator. 
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Danak et al.(2005) used the shell theory  to 

optimize the analytical model of curved piezoceramic and 

develop an expression for charge generation and concluded 

that charge generation can be improved due to higher strain 

by using curved shape piezoceramic. 

 
Fig. 2: Circular piezoelectric shell generator under 

mechanical loads. Yang et al. (2007) 

C. Stack Configuration 

In stack type structure energy harvesting capacity is high 

due to multi stacking of piezoelectric materials of d
33

mode, 

which provides a large capacitance and hence higher power 

output. Friswell et al.(2009) used stack configuration to 

analyze two different electrical circuits with and without 

inductor by stochastic approach. Lefeuvre et al.(2006) 

proved that energy conversion rate can be improved in a 

mechanical loading cycle by using synchronized switch 

damping(SSD) however this type of stack may be weak 

under cyclic shocks. Figure (3) shows the mechanical part of 

the experimental set up that is a structure composed of a 180 

mm long cantilever steel beam clamped at one end on a rigid 

base. 

 
Fig. 3: Experimental set up. Lefeuvre et al. (2006) 

D. Cymbal Configuration 

In micro level energy harvesting cymbal structures can be 

used very significantly because if they are subjected to 

transverse external forces they can provide more power 

output due to higher in plane strain. Li et al.(2011) proved 

that a piezoelectric transducer in flex- compressive mode 

can produce more electric power output than in conventional 

flex-tensional mode, by using double ring type stack 

containing one pair of pre-compressed bow shaped elastic 

plates. Kim et al.(2005) performed finite element analysis to 

show that under pre-stress cyclic conditions , piezoelectric 

energy harvesting can be more promising. Figure (4) shows 

the dimensional details of fabricated cymbal transducer. 

 
Fig. 4: Fabricated cymbal transducer. Kim et al. (2005) 

II. TECHNIQUES FOR IMPROVING ENERGY HARVESTING 

EFFICIENCY 

In this section we have reviewed some papers in order to 

analyze the various techniques through which efficiency of a 

piezoelectric energy harvester can be improved. There are 

various ways of enhancing the efficiency like: using 

different piezoelectric materials in various combinations, 

using different configurations, using better circuitary for 

storage etc. and we have lighted some of the important 

factors among them. 

A. Using Specific Piezoelectric Configurations 

Efficiency of piezoelectric power harvesting devices can be 

improved through modified piezoelectric material 

configurations and this can be done by applying pre-stress to 

maximize the strain, changing the stress direction, changing 

poling direction, providing the additional layers of materials, 

using different material compositions, maximizing the 

coupling coefficients, altering the electrode patterns and 

through the proper tuning of resonance frequency of the 

device. 

Lee et al.(2005) worked on developing the more 

flexible piezoelectric materials that can be a better option of 

piezoceramics which are too brittle and less deformable, in 

cyclic loading conditions. Lee et al.(2004,2005) compared 

the durability of three different types of electrode 

layers(PVDF films coated with: poly 3,4-ethylenedioxy-

thiophene/poly 4-styrenesulfonate{PEDOT/PSS}, indium 

tin oxide{ITO}, platinum{Pt} ) and found that PEDOT/PSS  

film was best among three. Mohammadi et al.(2003) 

produced flexible piezoelectric composites using PZT fibers 

of various diameters which were aligned, laminated and 

modeled in a epoxy(40% of the volume containing fibers 

and rest 60% of epoxy ) and concluded that sample 

containing the smaller diameter fibers were producing 

higher power outputs. Sodano et al.(2005a) compared the 

efficiencies of three different materials(PZT, a quick pack 

QP and macro-fiber composite MFC ) and found the 

efficiency of PZT higher than other two.  
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Baker et al.(2005) compared the capacities of 

different piezoelectric materials under -31 & -33 modes and 

concluded that in vibration environment , -31 configuration 

cantilever was most efficient and in high vibration 

environment , stack configuration was more durable. Yang 

et al.(2005) showed that a piezoelectric transducer operating 

in -33 mode can be more efficient if the coupling 

coefficients are high and operating frequency of device is 

near to its resonance frequency. Wu et al.(2006) improved 

the efficiency by altering the resonant frequency of a 

bimorph actuator through a microcontroller. Kenji and 

Takkaki(2010) worked on cymbal transducer to improve 

energy  harvesting efficiency from high power mechanical 

vibrations using k modes(k33, k15and kt ) rather than flex-

tensional modes
 

and explained three different modes of 

energy transfer in a piezoelectric energy harvesting system.  

B. Through Better Circuitry 

Efficiency of energy harvesting can also be improved by 

using such circuits which can extracts more power from 

piezoelectric devices. In this section we have reviewed some 

researchs which were focused on improving the efficiency 

of piezoelectric energy harvesters through modifying the 

electric circuitry. Figure (5) shows the utilization of a DC to 

DC converter after AC to DC converter, to improve the 

energy harvesting capacity of the circuit. 

 
Fig. 5: Energy harvesting circuit Tanvi et al.(2010) 

Shenck and Paradiso(2001) improved the 

efficiency of shoe mounted piezoelectric generator through 

introducing the switching converter into  its initial circuit 

which was utilizing linear regulating scheme.  Ottman et 

al.(2002) and Lesieutre et al.(2004) optimized the duty cycle 

of a switching DC-DC step down converter and found that 

at an optimal duty cycle of 2.8% for their system ,efficiency 

obtained a maximum value of 70%. Figure (6) shows the 

working of a bridge rectifier type AC to DC converter which 

converts the alternating signal produced by the piezoelectric 

crystal into digital signal. Ammar et al.(2005) improved the 

efficiency of charge accumulation on the battery for a 

prototype energy harvesting circuit by creating an adaptive 

algorithm in order to optimize the duty cycle of a DC-DC 

buck converter. 

Lefeuvre et al.(2005b) developed a power 

harvesting circuit containing a rectifying diode bridge and a 

flyback switching mode DC-DC converter. They used 

‘synchronous electric charge extraction’ technology and 

achieved an improvement in charge transfer by an amount of 

400% over a linear impedance based converter. Sodano et 

al.(2005b) compared the charge storage and discharging 

capabilities of a capacitor and a nickel metal hydride 

battery. They concluded that using the capacitor as charge 

storage is advantageous because the energy can be used 

instantaneously while the battery will take few hours to get 

charged but need not to be used immediately, and can be 

used later.  

Guan and Liao(2006) compared charge storage 

capabilities, charge-discharge efficiency, self-discharge 

rates, energy densities and life time of all three storage 

mediums(an electric double layer type super-capacitor 

EDLC, a nickel metal hydride battery, a lithium ion battery) 

and found that super-capacitor was better than two specially 

when self-discharge rate is not significant factor. 

Figure (7) shows a circuit for “Synchronized 

Switch Harvesting on Inductor” technique that was proposed 

in 2005 and can be used to boost up the energy harvesting 

capacity of a piezoelectric harvester. 

 
Fig. 6: Bridge rectifier type AC to DC converter Tanvi et 

al.(2010) 

 
Fig. 7: Synchronized switch harvesting on Inductor 

technique (SSHI) Tanvi et al.(2010) 

III. CONCLUSION 

Various techniques of piezoelectric energy harvesting were 

reviewed in this paper. 

 Principle of piezoelectricity, three general methods of 

vibrational energy harvesting, various type of 

piezoelectric maerials, different types of piezoelectric 

Crystal 
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energy harvester device configurations, energy 

harvesting efficiency improvement techniques, 

vibrational damping from energy harvesting, recent 

developments and the future scope of the technology 

were investigated.  

 Piezoelectric vibrational energy harvesting technology 

is remarked as a permanent, environment friendly and 

durable power supply source for both portable 

electronic devices as well as for recharging the batteries 

for charge reservation.  

 We have studied piezoelectric harvester can directly 

convert the strain into electrical energy without any 

need of external voltage source and also suitable for any 

size device configuration. Inspite of these attributes , 

output voltage produced by these harvesters is quite less 

and even during cyclic loading conditions chances of 

breakdown are more.  

 We can make the technology of piezoelectric energy 

harvesting more reliable and trustful by using more 

flexible piezoelectric materials with high coupling 

coefficients and integrating them into efficient rectifiers 

and storage circuits. 

 Piezoelectric energy harvesting systems are a onetime 

installment and they require very less maintenance, 

making them cost efficient hence the adaptation of this 

technology for producing pressure electricity.  

REFERENCES 

[1] Ammar, Y., Aur, #233, l. Buhrig, M. Marzencki, Beno, 

#238, t. Charlot, S. Basrour, K. Matou and M. 

Renaudin. 2005. Wireless sensor network node with 

asynchronous architecture and vibration harvesting 

micro power generator. Proceedings of the 2005 joint 

conference on Smart objects and ambient intelligence: 

innovative context-aware services: usages and 

technologies. Grenoble, France, ACM: 287-292. 

[2] Anton, S. R. and H. A. Sodano. 2007. A review of 

power harvesting using piezoelectric materials (2003–

2006). Smart materials and Structures 16(3): R1. 

[3] Bogue, R., C. Loughlin and C. Loughlin. 2015. Energy 

harvesting: a review of recent developments. Sensor 

Review 35(1). 

[4] Bruant, I. and L. Proslier. 2005. Optimal location of 

actuators and sensors in active vibration control. Journal 

of intelligent material systems and structures 16(3): 

197-206. 

[5] Chen, Z.-g., Y.-t. Hu and J.-s. Yang. 2007. Piezoelectric 

generator based on torsional modes for power 

harvesting from angular vibrations. Applied 

Mathematics and Mechanics 28(6): 779-784. 

[6] Chhabra, D., G. Bhushan and P. Chandna. 2013. 

Optimal Placement of Piezoelectric Actuators on Plate 

Structures for Active Vibration Control Using Modified 

Control Matrix and Singular Value Decomposition 

Approach. International Journal of Mechanical Science 

and Engineering 7(3). 

[7] Chhabra, D., G. Bhushan and P. Chandna. 2014. 

Multilevel optimization for the placement of Piezo 

actuators on plate structures for active vibration control 

using modified heuristic genetic algorithm. SPIE Smart 

Structures and Materials+ Nondestructive Evaluation 

and Health Monitoring, International Society for Optics 

and Photonics. 

[8] Chhabra, D., G. Bhushan and P. Chandna. 2014. 

Optimal Placement of Piezoelectric Actuators on Plate 

Structures for Active Vibration Control via Modified 

Control matrix and Singular Value Decomposition 

approach using Modified Heuristic Genetic Algorithm. 

Mechanics of Advanced Materials and Structures: 00-

00. 

[9] Dhuri, K. and P. Seshu. 2009. Multi-objective 

optimization of piezo actuator placement and sizing 

using genetic algorithm. Journal of Sound and Vibration 

323(3): 495-514. 

[10] Elvin, N. G., A. A. Elvin and M. Spector. 2001. A self-

powered mechanical strain energy sensor. Smart 

Materials and Structures 10(2): 293. 

[11] Flynn, A. M. and S. R. Sanders. 2002. Fundamental 

limits on energy transfer and circuit considerations for 

piezoelectric transformers. Power Electronics, IEEE 

Transactions on 17(1): 8-14. 

[12] Guan, M. and W.-H. Liao. 2006. On the energy storage 

devices in piezoelectric energy harvesting. 

[13] Ip, K.-H. and P.-C. Tse. 2001. Optimal configuration of 

a piezoelectric patch for vibration control of isotropic 

rectangular plates. Smart materials and structures 10(2): 

395. 

[14] Jeong, S. J., D. S. Lee, M. S. Kim, D. H. Im, I. S. Kim 

and K. H. Cho. 2012. Properties of piezoelectric 

ceramic with textured structure for energy harvesting. 

Ceramics International 38, Supplement 1(0): S369-

S372. 

[15] Jessy, B., R. Shad and W. Paul. 2005. Alternative 

Geometries for Increasing Power Density in Vibration 

Energy Scavenging for Wireless Sensor Networks. 3rd 

International Energy Conversion Engineering 

Conference, American Institute of Aeronautics and 

Astronautics. 

[16] Karami, M. A., O. Bilgen, D. J. Inman and M. I. 

Friswell. 2011. Experimental and analytical parametric 

study of single-crystal unimorph beams for vibration 

energy harvesting. Ultrasonics, Ferroelectrics, and 

Frequency Control, IEEE Transactions on 58(7): 1508-

1520. 

[17] Kim, H., S. Priya, K. Uchino and R. Newnham. 2005. 

Piezoelectric Energy Harvesting under High Pre-

Stressed Cyclic Vibrations. Journal of Electroceramics 

15(1): 27-34. 

[18] Kim, H. S., J.-H. Kim and J. Kim. 2011. A review of 

piezoelectric energy harvesting based on vibration. 

International Journal of precision engineering and 

manufacturing 12(6): 1129-1141. 

[19] Kumar, A., A. Kumar and D. Chhabra. 2014. Analysis 

of Smart Structures with Different Shapes of 

Piezoelectric Actuator. international journal OF R&D in 

engineering science and management 1(2): 60-71. 

[20] Kumar, V. and D. Chhabra. 2013. Design of Fuzzy 

Logic Controller for Active Vibration Control of 

Cantilever Plate with Piezo-Patches As 

Sensor/Actuator. International Journal of Emerging 

Research in Management &Technology 2. 

[21] Lallart, M., P.-J. Cottinet, L. Lebrun, B. Guiffard and 

D. Guyomar. 2010. Evaluation of energy harvesting 



Study of PEH Configurations & Circuitary and Techniques for Improving PEH Efficiency 

 (IJSRD/Vol. 4/Issue 03/2016/547) 

 

 All rights reserved by www.ijsrd.com 2102 

performance of electrostrictive polymer and carbon-

filled terpolymer composites. Journal of Applied 

Physics 108(3): 034901. 

[22] Lee, C. S., J. Joo, S. Han and S. K. Koh. 2004. 

Multifunctional transducer using poly (vinylidene 

fluoride) active layerand highly conducting poly (3,4-

ethylenedioxythiophene) electrode: Actuator and 

generator. Applied Physics Letters 85(10): 1841-1843. 

[23] Lee, C. S., J. Joo, S. Han, J. H. Lee and S. K. Koh. 

2005. Poly (vinylidene fluoride) transducers with highly 

conducting poly (3,4-ethylenedioxythiophene) 

electrodes. Synthetic Metals 152(1–3): 49-52. 

[24] Lefeuvre, E., A. Badel, C. Richard and D. Guyomar. 

2005. Piezoelectric energy harvesting device 

optimization by synchronous electric charge extraction. 

Journal of Intelligent Material Systems and Structures 

16(10): 865-876. 

[25] Lefeuvre, E., A. Badel, C. Richard, L. Petit and D. 

Guyomar. 2006. A comparison between several 

vibration-powered piezoelectric generators for 

standalone systems. Sensors and Actuators A: Physical 

126(2): 405-416. 

[26] Leland, E. S. and P. K. Wright. 2006. Resonance tuning 

of piezoelectric vibration energy scavenging generators 

using compressive axial preload. Smart Materials and 

Structures 15(5): 1413. 

[27] Li, S., J. Yuan and H. Lipson. 2011. Ambient wind 

energy harvesting using cross-flow fluttering. Journal of 

Applied Physics 109(2): 026104. 

[28] Mohammadi, F., A. Khan and R. B. Cass. 2002. Power 

Generation from Piezoelectric Lead Zirconate Titanate 

Fiber Composites. MRS Online Proceedings Library 

736: null-null. 

[29] Ottman, G. K., H. F. Hofmann and G. A. Lesieutre. 

2003. Optimized piezoelectric energy harvesting circuit 

using step-down converter in discontinuous conduction 

mode. Power Electronics, IEEE Transactions on 18(2): 

696-703. 

[30] Peng, F., A. Ng and Y.-R. Hu. 2005. Actuator 

placement optimization and adaptive vibration control 

of plate smart structures. Journal of Intelligent Material 

Systems and Structures 16(3): 263-271. 

[31] Poulin, G., E. Sarraute and F. Costa. 2004. Generation 

of electrical energy for portable devices: Comparative 

study of an electromagnetic and a piezoelectric system. 

Sensors and Actuators A: physical 116(3): 461-471. 

[32] Roundy, S. 2005. On the effectiveness of vibration-

based energy harvesting. Journal of intelligent material 

systems and structures 16(10): 809-823. 

[33] Roundy, S., E. S. Leland, J. Baker, E. Carleton, E. 

Reilly, E. Lai, B. Otis, J. M. Rabaey, P. K. Wright and 

V. Sundararajan. 2005. Improving power output for 

vibration-based energy scavengers. Pervasive 

Computing, IEEE 4(1): 28-36. 

[34] Roundy, S. and P. K. Wright. 2004. A piezoelectric 

vibration based generator for wireless electronics. 

Smart Materials and structures 13(5): 1131. 

[35] Roundy, S., P. K. Wright and J. Rabaey. 2003. A study 

of low level vibrations as a power source for wireless 

sensor nodes. Computer Communications 26(11): 1131-

1144. 

[36] Sehgal, N., M. Malik and D. Chhabra. 2014. Meta-

heuristics Approaches for the Placement of 

Piezoelectric Actuators/Sensors on a Flexible 

Cantilever Plate: A Review. Meta 3(6). 

[37] Shen, D., J.-H. Park, J. H. Noh, S.-Y. Choe, S.-H. Kim, 

H. C. Wikle Iii and D.-J. Kim. 2009. Micromachined 

PZT cantilever based on SOI structure for low 

frequency vibration energy harvesting. Sensors and 

Actuators A: Physical 154(1): 103-108. 

[38] Shen, H., H. Ji, J. Qiu, Y. Bian and D. Liu. 2015. 

Adaptive synchronized switch harvesting: A new 

piezoelectric energy harvesting scheme for wideband 

vibrations. Sensors and Actuators A: Physical 226: 21-

36. 

[39] Shenck, N. S. 1999. A demonstration of useful electric 

energy generation from piezoceramics in a shoe, 

Massachusetts Institute of Technology, Dept. of 

Electrical Engineering and Computer Science. 

[40] Sterken, T., K. Baert, C. Van Hoof, R. Puers, G. Borghs 

and P. Fiorini. 2004. Comparative modelling for 

vibration scavengers [MEMS energy scavengers]. 

Sensors, 2004. Proceedings of IEEE, IEEE. 

[41] Uchino, K. and T. Ishii. 2010. Energy flow analysis in 

piezoelectric energy harvesting systems. Ferroelectrics 

400(1): 305-320. 

[42] Wu, W.-J., Y.-Y. Chen, B.-S. Lee, J.-J. He and Y.-T. 

Peng. 2006. Tunable resonant frequency power 

harvesting devices. 

[43] Xiaotian, L., G. Mingsen and D. Shuxiang. 2011. A 

flex-compressive-mode piezoelectric transducer for 

mechanical vibration/strain energy harvesting. 

Ultrasonics, Ferroelectrics, and Frequency Control, 

IEEE Transactions on 58(4): 698-703. 

[44] Yang, J., H. Zhou, Y. Hu and Q. Jiang. 2005. 

Performance of a piezoelectric harvester in thickness-

stretch mode of a plate. IEEE Trans Ultrason 

Ferroelectr Freq Control 52(10): 1872-1876. 

[45] Yang, Y. and L. Zhang. 2006. Optimal excitation of a 

rectangular plate resting on an elastic foundation by a 

piezoelectric actuator. Smart materials and structures 

15(4): 1063. 

[46] Yoon, H.-S., G. Washington and A. Danak. 2005. 

Modeling, optimization, and design of efficient initially 

curved piezoceramic unimorphs for energy harvesting 

applications. Journal of Intelligent Material Systems 

and Structures 16(10): 877-888. 

[47] Yoon, S.-H., Y.-H. Lee, S.-W. Lee and C. Lee. 2008. 

Energy-harvesting characteristics of PZT-5A under 

gunfire shock. Materials Letters 62(21–22): 3632-3635.  


