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6. RESULT &DISCUSSION 

 

 

 

 

 

  

 

  

Hence, From Chapter.3 results show that PMN-PT crystal gives a higher voltage besides

PZT-5A and PZT-5H ceramics.

The voltages generated by each material are as follows:

Under an Eigen frequency of 1398.026 Hz for PZT-5A is 0.519V

Under an Eigen frequency of 1402.85432 Hz for PZT-5H is 1.235V

Under an Eigen frequency of 1033.57932 Hz for PMN-PT is 1.445V

And similarly the theoretical values obtained are as follows PZT-5A: 0.696V, PZT-

5H: 0.99V, PMN-PT: 1.35V. These results imply that using PMN-PT crystal gives us the 

most  significant  results  giving  the  maximum  voltage.  Comparing  the  voltages  of  PZT-

5A, PZT-5H both the theoretical  and practical values are approximately  equal. Whereas

the  theoretical  and  computational  values  of  PMN-PT  crystals  differs  by  an important 

value. 

Fabrication  

 First and foremost we have fabricated PMN-PT crystals of various compositions by 

means of the FLUX method in a muffle furnace. 

 Figures 4.9 to 4.15 shows the pictures of step by step process done for fabricating 

the crystal from mixing the materials to process of etching the crystal 

 Structural, Dielectric and vibration analysis have been carried out on these crystals.  

 The results have been discussed and evaluated with respect to the available values. 

Structural analysis 

 Structural analysis on the crystal on XRD unit showed that the crystal was having a 

MONOCLINIC structure, which is an improvement over the rhombohedral 

structures previously due to the single mirror plane. 
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 The report with the XRAY diffraction patterns shows the intensities at different 

angles, which suggest the structure, were CRYSTALLINE. 

 The vectors a, b and C values from the Table4.2 show clearly that they are unequal. 

In addition, the angle β for the ortho axis was 90.39°. 

 From these values, it was determined that the crystal was having a MONOCLINIC 

Structure. 

Dielectric analysis 

 From Table 4.3 the values of Di-electric constant for the three different crystals have 

been determined from the capacitance values. 

 These values were similar to that of the theoretical values [68] for each of the 0.32% 

composition, 0.28% composition and PT Crystals. 

 After comparing it has been determined that the crystal having 0.32% composition 

was having similar dielectric constant. 

Vibration analysis 

 From Table 4.4 we can infer the results done for vibration analysis on the spring 

mass damper setup. 

 Voltage was generated was about 180milli volts at a deflection of 24mm at a speed 

of 410RPM and at a frequency of 8MHz, 

  Results  from  the  past[37] showed  that  the  piezoelectric  crystal  failed  at  22mm  of 

deflections and at 380 RPM of variable DC motor. 

Apllications 

Piezoelectric Micro Pump 

 Fig 5.4  demonstrates  the distinctive  virtual reality  result  of  a bending  of  a  

piezoelectric  actuator  and  excitation signal of a film at 450 V and -450 V. The best 

affirmative movement occurs in the middle of the PMN-PT while a negative 

movement is noticed away from the edge of the PMN-PT.   
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 In Fig. 5.5 for a longitudinal cross-section, an in depth view of film movement, for 

deviations of the applied voltage signal is shown.  The film fluctuates about six 

nodes. The two inner nodes are found in the PMN-PT area close to the edge and the 

one originates outside the PMN-PT area.   

 The largest bend  occurs  in  the  middle  of  the  PMN-PT while  another  peak  of  

bending  occurs outside but near the PMN-PT. This bending is contrary in the 

direction of the main deformation, and is highlighted in Fig 5.5 by marking one 

bending plot with a thicker line. From the Fig 5.5 we can presume the probable 

positions of the two throttles, one is located below the maximum of the negative 

peak while the other positions in the region of a positive peak below the PMN-PT 

region. 

 The result is a “small” positive flow from one terminal to the other terminal, i.e. 

outlet. The exact location of the throttles is critical for the proper device operation; 

Fig 5.8 presents the results of the determination of the optimal position of the 

throttles. The  right  throttle  was  located below a region of the greatest negative 

film bending  that  can  be  seen  in  Fig 5.5. The optimal  location  of  the  left  

throttle  can  be determined  from  Fig 5.8  showing  simulation results of net 

pumped fluid volumes at different positions  of  the  throttle. Results show that for 

this specific structure the optimal position of the left throttle is close to the edge of 

the PMN-PT, more precisely, 2.6 mm from the left edge of a PMN-PT.   

 

Active Vibration Isolation Using PMN-PT material 

 Now we know that vibration is cyclic in nature, which changes its magnitude and 

direction with time. So to isolate a component from vibration we need to provide a 

force of same magnitude but in opposite sense such that from principle of 

equilibrium of forces vibration gets canceled.   

 

 When that the vibration is of positive magnitude and trying to push the bottom plate 

upwards but there is piezoelectric material PMNT PT, which is attached to the top 

plate using a center spring. Therefore, while moving up, the spring exerts a force the 
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piezoelectric material generates which causes a strain in the piezoelectric material 

and due to this a corresponding voltage. Hence, we can conclude that voltage 

generated in material is a function of force acting on the plate and this voltage is sent 

to the control unit. Thus using this we can find the magnitude of force which has to 

be applied in other direction to cancel the force. This is done by varying the voltage 

across the plates, as the voltage is increased the plate pushes it down and a 

downward force exerts which cancels the vibration as well as compresses the spring 

in the process. When a reverse force acts on the bottom plate, the voltage between 

the plates is reduced so that the energy stored in the spring is used to push the plate 

upward. Hence, the opposite force cancels each other.   

 

Optimization of Vibration Energy Harvesting on Wind-Spear  

 To evaluate the measurement results, the expected theoretical power output of the 

SSHI circuits with the realized inversion factors from the test, are shown in Fig 5.34. 

 

 One has to keep in mind that the power levels are very low at 1 Hz. Eg. The force 

applied, is dependent on the frequency squired. The Wind-Spear is operating around 1 

Hz due to its structure. To give an impression of when the prototype in theory would 

produce more power than the standard bridge. 

 

 It is seen that the P-SSHI gives a net power output rise when operating with 

piezoelectric voltages  𝑉𝑝 > 7𝑉 , in evaluation to STD, agreeing to an output power of 

5µW. The S-SSHI inversion factor is very low and is thus not expected to deliver a 

power increase, before a piezoelectric open circuit voltage 𝑉𝑝 > 17𝑉, corresponding 

to an output power level of 25 µW. At this level, the P-SSHI circuit is predictable to 

output 80µW. This shows the importance of the inversion factor. The losses in the 

inductor and the diode were found to be the in order of the output power, and it is 

concluded that further optimization should focus on these parts. Especially the 

inductor loss should be simple to reduce by a lower series resistance inductor. 
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Fabrication of Car Parking Prototype using Piezoelectric& IR Sensors  

 Eight cabins in our Prototype model of “rolling car parking” ,  based on that cabin 

dimensions are presumed as (7.5 × 4.5 × 4.5) inch. 

 Cabin supportive rod functioning, stress was 390MPa, but Extreme Stress on the 

welded joint is considered, which is less than 470 MPa. So safe dimension for cabin 

supportive rod diameter is 4mm. 

 Center distance between cabins is 50mm. 

 Spur gears are 18 for 10 R.p.m speeds with the lowest number of teeth. 

 Number of links essential are 96 and the length of the chain required was 124.8 cm. 

 Requirement of DC Motor  with +12 volt rating.  

 Micro controller is automated to give outputs at port pins. These are fed to the DC 

motor driver circuit, i.e., relays.  

 The driver output, which is responsible for driving the mechanism is fed to the DC 

motor. 12 MHz of crystal frequency used in the circuit. To drive DC motor, the code 

is written in 89C51 using assembly language and subsequently simulated on “Keil 

µVision”. “Flash Magic” was used for the program to be  uploaded on 80C51 

controller.


