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 7. CONCLUSIONS & SCOPE  

 

ENERGY harvesting is a critical technology for the expansion of self-governing, 

self-powered electronic devices. As the energy requirements of low-power electronics 

reduction, the usage of energy harvesting systems in as long as them power is attractive 

more promising. Energy harvesting technology has the potential to improve the way in 

which power is providing to small electronics; transitioning from a reliance on battery 

power to self-powered, self-governing systems. In this thesis, multifunctional 

piezoelectric vibration energy harvesting ideas have been explored. Conceivably one of 

the most shows potential applications of piezoelectric vibration energy harvesting is in 

provided that power to self-governing sensor nodes. Piezoelectric vibration energy 

harvesting utilizes the electromechanical coupling showed in piezoelectric materials to 

convert disturbance from the surrounding a system addicted to usful electrical energy.  

 

This harvester forms part of the power sub-system of the wireless sensor node. 

The helps made towards this goal are presented next, before recommendations for future 

research efforts are made. 

 

7.1 Contributions 

 

Contributions from this project towards realizing in Vibration Energy Harvesting 

with using piezoelectric materials: 

 

Thus, we have presented a relative study of the acts of PMN-PT and PZN-PT solo 

ceramics and PZT smart materials based Piezo cantilever actuators. The scrutinized 

presentation concerning the obstructive force and the tip movement, and for this 

resolution both constitutive logical expression and FEM recreations were employed. A 

noteworthy difference flanked by the two types of virtual reality was noticed and 

explained; FEM method is more reliable for high coupling issue materials. PMN-PT and 

PZN-PT are 3 to 5 times is greater than the PZT.  Comparative results be present 
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associated to a similar geometry, dimensions and constant applied voltage, only the 

maximum relevant voltage however differs. Generally, manufacturers frequently limited 

maximum bipolar working fields for soft PZTs to 8kV/cm, while PMN-PT +25kV/cm 

(TRS Technologies). This means that PMN-PT may be determined up to 68% voltage  

greater than PZT, permitting a hypothetical growths of the set in motion range. 

 

 From chapter.4 After observing of these results from the structural analysis, 

vibration analysis and the dielectric analysis we have concluded that the PMN-PT crystal 

having a composition of 0.32% of x has the best properties for wide applications where it 

can be used as sensing elements or as a voltage generator with 10% increase in the 

TITANIUM concentration. 

1. The structure was MONOCLINIC which shows it has a single mirror plane 

thereby the voltage generation can be maximum 

2. The dielectric constant was way higher than those other crystals which shows it’s 

high capacitive and electrical characteristics 

3. The vibration analysis showed that this crystal was sensitive at very low speeds of 

the DC motor and frequencies and high speeds and frequencies as well, which 

shows it can be a good sensing element. 

The results have been compared to those, which are presently being existed and 

have been evaluated. Thus by increasing the TITANIUM composition in the present 

existing materials, we can derive that the crystals strength are increased widely to sustain 

the beyond the present limits. 

From  application.1, A strip-type Micro pump was analyzed by arithmetical 

virtual reality.  Such  devices  may well authorize  compacted  parallel  pumping  of  

several discrete  liquids  what  is  of  great  importance  in several  micro  structures  and  

so  called  Lab  on Chip devices.  The suggested  device  is  examined  and concluded 

using arithmetical  simulation  by  the design  of  a  full  3D model of a pump. A three-

dimensional time field electro-mechanical-fluid flow numerical simulation was 

completed. To attain accurate results, the replication mesh has been densified in the areas 

near the throttles.  Replications  established  that  in  this  type of  pumps  fluid  flow  is  
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largest  at  the largest deflection  rate  of  the  piezoelectric  actuator, this is noticed when  

the  driving  sinusoidal voltage  signal  changes  sign.  Even with the excitation signal 

also fluid volume rate nearly follows sinusoidal shape. However, due to dissimilar bends 

of the film close to the throttles a positive total fluid volume flow is accomplished. The 

optimal throttle locations  have  been  determined, the  right throttle is located directly at 

the place of the negative distortion, peak; even though the location of the  left  throttle  

was  determined to  be  a few mm from the left edge of the PMN-PT. 

 

From application.2, we are concluding though hypothetically vibration can be 

nullified, but in actual practice the vibrations cannot be eliminated completely. The extent 

of reduction in vibration will depend on the accuracy and precision in measuring the 

force and generating the opposing force. Hence the components that were brought on to 

to heavy vibration will now be subjected very light vibrations and the monetary value of 

constructing very robust components will also be reduced.  Micro machined submissive 

vibration isolation strainers have been established to isolate individual modules from high 

frequency vibrations present in some mechanically severe working environments. 

Unfortunately, the operation of these purely submissive strainers are usually  boundless 

by a lack of tune ability after construction and very low damping. Electrostatic actuators 

are readily utilized used in a multiplicity of MEMS devices, and are adjustable to 

combination with micro machined silicon passive vibration isolators to improve the 

performance of  active vibration isolators. The features of electrostatic actuators to 

articulate velocity response control laws are, semi-active damping and, on-off skyhook 

control. This has been validated using a prototype MEMS isolator in a small-pressure 

surroundings where the feedback controller reduced the vibration from approximately 55 

% to 60 %. 

From application.3, we are concluding that prototype was prompted as both a 

series and a parallel version of the SSHI. The prototype was verified with Macro Fiber 

Composite Piezoelectric (MFCP) material attached to a vibration harvesting device called 

the Wind-Spear, and the results showed that the prototype Parallel-SSHI circuit increased 

the power output of the piezoelectric material to 11 µW compared with the standard full 
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bridge rectifier of 5.9µW. However, since the power, ingesting of the control circuit was 

higher than the prototype output power, the total net output power of the SSHI prototype 

was lower than the standard full bridge. The power output from the prototype was lower 

than predictable owing to a low inversion factor. The limiting components were 

calculated and along with the losses in the oscillation path, primarily the loss in the diode 

and the series resistance of the inductor, the peak detection control circuit originated to be 

the main reason for the low inversion factor. The control circuit was predictable to make 

the circuit switch at every voltage peak with a time delay of 12 ms, but was found to be 

unable of this due to a low gain in the differentiator. The control circuit response was 

thus modified which caused an augmented time delay to 70ms. The time delay made the 

circuit achieve the switch after the optimal point, which is expected to be the main factor 

decreasing the power output of the prototype circuit.  

From  application.4, The benefits of this parking model are 

 Fast Mechanized Parking and retrieval of vehicles. 

 Maximum of 8 cars can be effortlessly and carefully parked. 

 Minimum surface space is required, which is equivalent to just 2 surface car 

parking spaces. 

 Parking assistant is not required. 

 Easily built in a lesser area, with a simple concrete base and phase supply. 

 This system is cost effective for surface parking when limited land is available. 
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7.2 Scope 

Based on the contributions and the conclusions drawn from the current research, 

the following future research areas are identified 

 

1. The model developed in this project used the small-signal linear piezoelectric 

constitutive model, though it was exposed to underpredict enactment when the device is 

functioned at the resonances (large-strain regime). The enlargement and use of a non-

linear material model may be justified if a more precise forecast of the resonant reply 

magnitudes (resonance frequencies and power-optimal resistances are well foretold) of 

the system is required. This non-linear material model will have to be authenticated 

experimentally, particularly for piezoelectric thin films. 

 

2.  Material selection was preliminarily examined in this project. It was shown that the 

piezoelectric coupling cancels from the optimal power equation, and that the material 

assortment has little effect on the more power removed. The material optimal affects the 

electrical reply of the system and will essential to be deliberated once a specific 

application (with specific electrical necessities) is under attack. The material assortment 

will also be influenced by the available materials for incorporation with the micro 

manufacture scheme. Other material related issues to examine include the fatigue 

properties of piezoelectric thin-membranes and the validity of both the linear and non-

linear piezoelectric material models for (textured) piezoelectric thin-films. Lastly, the 

development of in-plane textured PMN PT films for harvesting purposes should be 

investigated. 

 

3. The prevailing manufacture sequence investigated here in (for the high-level, high 

frequency PMN-PT device from prior work) identified some process difficulties, 

especially associated with the PZMN-PT deposition process. This process will have to be 

refined, either concluded adjustment of the heat-treatment steps, or over and done with 

the presence of precursors in the PMN PT solution to create a uni-morph {3-3} mode 
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device. Alternatively, {3-1} bi-morphs or other piezoelectric material deposition 

processes, such as sputtering or pulsed laser deposition (PLD), may be investigated. 

 

4. Packaging of the final chip-level devices to mark up the harvesting system of the 

power sub-system of a wireless sensor node will need to be well thought-out for future 

prototypes as the packaging scheme will likely influence the final manufacture sequence. 

One credible future packaging condition is vacuum operation of the device (to increase 

the quality factor). 

 

5. This study has concentrated on the design and modeling of a single harvester, which is 

a module of the power sub-system of the wireless node. The next step is to instrument the 

harvester design with the rest of the power sub-system, containing of conditioning 

circuitry and a storage device (battery), among others. This concept has been presented, 

but the scheme will have to be implemented in future research, both in terms of modeling 

and in terms of the realization of actual devices. 

 


