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ABSTRACT 

 The Sino Auricular node (SAN) is the natural pacemaker in the heart. The 

irregularities in the pulse of complete failure of the SAN requires artificial 

pacemaker which controls the irregularities in the pulse. There are about 3 

million people worldwide with pacemakers, and each year 600,000 pacemakers 

are implanted. With rare exception, implantation of a pacemaker does not 

change the recipient’s activities or lifestyle. Although most people who receive 

pacemakers are aged 60 years or older, people of any age, even children, may 

need pacemakers.  

       The average pacemaker battery lost about is 5 to 8 years. The replacement 

of pacemaker battery requires operation which cost around 600000 INR and the 

operation is done with general anesthetic. This makes the replacement costly. To 

overcome the problem of battery replacement, the project comprises of an idea 

of recharging the battery using piezoelectric crystal from the pressure difference 

in the blood flow in the aorta. In this project the pumping of the heart is 
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simulated and the power generated from the piezoelectric transducer if measured 

to find how it could be used to recharge the battery of the pacemaker.  

1. INTRODUCTION 

 The Sino Auricular node (SAN) is the natural pacemaker in the heart. The 

irregularities in the pulse of complete failure of the SAN requires artificial 

pacemaker which controls the irregularities in the pulse. There are about  

3 million people worldwide with pacemakers, and each year 600,000 

pacemakers are implanted. With rare exception, implantation of a pacemaker 

does not change the recipient’s activities or lifestyle. Although most people who 

receive pacemakers are aged 60 years or older, people of any age, even children, 

may need pacemakers. 

 The average pacemaker battery lost about is 5 to 8 years. The replacement 

of pacemaker battery requires operation which cost around 600000 INR and the 

operation is done with general anaesthetic. This makes the replacement costly. 

To overcome the problem of battery replacement, the project comprises of an 

idea of recharging the battery using piezoelectric crystal from the pressure 

difference in the blood flow in the aorta. 

 In this project the pumping of the heart is simulated and the power 

generated from the piezoelectric transducer if measured to find how it could be 

used to recharge the battery of the pacemaker. 

2. PROBLEM STATEMENT 

 The pacemaker is required when the SAN fails. The failure of the SAN does 

not conceal to the elderly group of the people. Even a new born baby may 

require pacemaker if it has any congenital anomalies in Sino Auricular node to 

go on with its life normally. 

 The life period of the battery of the pacemaker is only 5 to 8 year. The new 

born child may even require pacemaker so it is tedious to change the battery of 
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the pacemaker since it is more costly and it requires an operation which is done 

with general anesthetic. The cost of the operation lays around 600000 INR. The 

general anesthetic is also dangerous. 

3. OBJECTIVE 

 The objective of the project is to reduce to simulate the function of heart and 

to generate power from the pulse in aorta using piezoelectric transducer. This 

project idea would help in the medical field of cardiology. The idea would help 

to increase the life time of the battery in the pacemaker. This would help to 

decrease the frequency of the operation. Thus cost of operation is avoided. 

 The operation is also done with general anesthetic. So if the number of 

operation is reduced in the life time, the ill effect of general anesthetic could be 

reduced since even a baby may require pacemaker. 

4. EXISTING SYSTEM 

 

Figure 1 : The existing system of the internal pacemaker 

 In Figure, Existing system is only replacement of the battery by a surgery. 

So the existing system has limited life period. During the failure of the Sino 

auricular node the pulse rate of the heart reduces from 72 to 40. This is so low to 

give enough energy to the body to work. 
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            Pacemakers are given to people whose hearts are slow or irregular.  They 

are inserted under the collarbone and send electrical impulses to the heart to 

control its rate. The pacemaker first sense the pulse from the SAN. Then it sends 

a pulse to the SAN and AVN to control the irregularities. 

5. PROPOSED SYSTEM 

 

Figure 2 : The proposed system of the internal pacemaker 

 In Fig, The proposed system is recharging the battery of the pacemaker 

instead of replacing it. The blood pressure varies from 80 psi to 120 psi in 

normal human. This variation in pressure is used to apply pressure on the 

piezoelectric crystal. The transducer is placed superficially over the aorta. The 

pressure variation on the crystal produces a voltage across the crystal. This 

energy is used to recharge the battery of the pacemaker. Thus the lifetime of the 

battery of the pacemaker can be increase thus avoiding surgery. 
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6. NATURAL PACEMAKER 

 

Figure 3 :  Natural pacemaker 

 Some cardiac cells are self-excitable, contracting without any signal from 

the nervous system, even if removed from the heart and placed in culture. Each 

of these cells have their own intrinsic contraction rhythm. A region of the human 

heart called the sinoatrial node, or pacemaker, sets the rate and timing at which 

all cardiac muscle cells contract. The SA node generates electrical impulses, 

much like those produced by nerve cells. Because cardiac muscle cells are 

electrically coupled by inter-calated disks between adjacent cells, impulses from 

the SA node spread rapidly through the walls of the artria, causing both artria to 

contract in unison. The impulses also pass to another region of specialized 

cardiac muscle tissue, a relay point called the atrioventricular node, located in 

the wall between the right artrium and the right ventricle. Here, the impulses are 

delayed for about 0.1s before spreading to the walls of the ventricle. The delay 

ensures that the artria empty completely before the ventricles contract. 

Specialized muscle fibers called Purkinje fibers then conduct the signals to the 

apex of the heart along and throughout the ventricular walls. The Purkinje fibres 

form conducting pathways called bundle branches. This entire cycle, a single 

heart beat, lasts about 0.8 seconds. The impulses generated during the heart 

cycle produce electrical currents, which are conducted through body fluids to the 



Mr. T. Gopinathan 1, Mr. M.S. Sampath Kumar2, Dr. K.P. Arul Shri 3 42

skin, where they can be detected by electrodes and recorded as an 

electrocardiogram (ECG or EKG) 

7. ARTIFICIAL PACEMAKER 

 

Figure 4 : Artificial Pacemaker 

 Artificial pacemaker is a medical device which uses electrical impulses, 

delivered by electrodes contacting the heart muscles, to regulate the beating of 

the heart. The primary purpose of a pacemaker is to maintain an adequate heart 

rate, either because the heart's native pacemaker is not fast enough, or there is a 

block in the heart's electrical conduction system. Modern pacemakers are 

externally programmable and allow the cardiologist to select the optimum 

pacing modes for individual patients. Some combine a pacemaker and 

defibrillator in a single implantable device. Others have multiple electrodes 

stimulating differing positions within the heart to improve synchronisation of the 

lower chambers of the heart. 
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8. PIEZOELECTRIC EFFECT 

 

Figure 5 : Piezoelectric Effect 

 Piezoelectricity is the ability of some materials (notably crystals and certain 

ceramics, including bone) to generate an electric field or electric potential in 

response to applied mechanical stress. The effect is closely related to a change of 

polarization density within the material's volume. If the material is not short-

circuited, the applied stress induces a voltage across the material. The word is 

derived from the Greek piezo or piezein, which means to squeeze or press. 

 The piezoelectric effect is reversible in that materials exhibiting the direct 

piezoelectric effect (the production of an electric potential when stress is 

applied) also exhibit the reverse piezoelectric effect (the production of stress 

and/or strain when an electric field is applied). For example, lead zirconate 

titanate crystals will exhibit a maximum shape change of about 0.1% of the 

original dimension. 

 The effect finds useful applications such as the production and detection of 

sound, generation of high voltages, electronic frequency generation, 

microbalances, and ultra fine focusing of optical assemblies. It is also the basis 

of a number of scientific instrumental techniques with atomic resolution, the 

scanning probe microscopies such as STM, AFM, MTA, SNOM, etc., and 



Mr. T. Gopinathan 1, Mr. M.S. Sampath Kumar2, Dr. K.P. Arul Shri 3 44

everyday uses such as acting as the ignition source for cigarrette lighters and 

push-start propane barbecues. 

9. DESIGN METHODOLOGY 

9.1 Overview of the System                           

 

Figure 6 : Block diagram of the project 

 The project is a simulation project. The project has a module that simulates 

the functioning heart that produces pulse in rubber tube which taken analogous 

to Aorta. There is a tank of 5 litres which act as sink. The non return valves are 

used in analogous to tricuspid valve and aortic valve.  The Fig 3.1 shows the 

block diagram of the project 

 The piezoelectric transducer is placed superficially over the rubber tube to 

generate the electric pulse from the pressure difference in the rubber tube. The 

output from the piezoelectric transducer is feed to the computer and the readings 

are seen in Lab View software. The Fig shows the project assembly. 
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Figure 7 : Photograph of the project 

9.2 DESIGN OF SINGLE ACTING PUMP 

 The bellow is used as single acting pump 

 The stroke volume of left ventricle: 58.12 ± 15.13 ml/stroke[5] 

 The volume of solution at the end of diastole: 120 ml 

 The volume of solution at the end of systole: 57 ml 

 Difference between systole and diastole volume = 120 – 57 

 Stroke volume = 63 ml 

 It is within the range of stroke volume of the left ventricle. 

9.3 DESIGN OF SINK 

 The total quantity of blood in the adult human body = 5 to 6 litres 

 The tank of 5 litres is used as sink. 

9.4 DESIGN OF AORTA LIKE TUBE 

 The Aorta’s physical dimensions are as follows 

 The mid arc diameter of aorta = 2.59 cm [5] 
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 The wall thickness       =  2 to 3 mm[2] 

 So latex tube of above dimension is taken 

9.5 CIRCULATING SOLUTION 

       The human circulatory system consists of blood as solution. So a solution 

has to be made with has properties of blood. 

 Relative viscosity of blood = 3 to 4 

 The below Fig shows the variation of the relative viscosity of sucrose 

solution with the concentration 

 

Figure 8 : Viscosity vs sucrose concentration 

10. IMPLEMENTATION 

10.1 MATERIALS USED 

• Tank                                : 1 

• Non return valves            : 2 

• Latex tube                       : 1 

• Bellow                             : 1 

• Open / close valve           : 1 

• Connecting tubes 
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• Sucrose solution 

         Software used   : Lab View 8.2 

10.2  OVERVIEW 

 The simulation model consist of a tank which capacity of 5 litres. The 

sucrose solution is filled in it. The tank is connected to a non return valve. Then 

it leads to the bellow then to the open / close valve. The setup is the connected to 

another non return valve then to the latex tube then back to tank. The 

connections are made using rubber tubes.  

 The piezoelectric transducer is placed superficially over the latex tube. The 

positive and negative terminals from the transducer are connected to the DAQ 

card interfacing to the computer for getting the readings in Lab View software. 

10.3 STEPS INVOLVED IN PROPOSED PROCESS 

1. The failure of SA node. 

2. The heart pulse rate drops below normal. 

3. Irregularities in pulse. 

4. Surgery. 

5. Installation of artificial pacemaker. 

6. The piezoelectric transducer is placed superficially over the aorta 

7. The power is produced in the piezoelectric transducer using the 

pressure variation in the pulse in aorta 

8. The battery in continuously recharged from the power produced from 

the piezoelectric transducer 
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10.4 FLOWCHART 

 

      

Figure 9 : Flowchart of the existing system 
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Fig10:  Flowchart of the proposed system 

10.5 EXPERIMENTATION 

10.5.1 Bellow – left ventricle 

 

Figure 11a :  Diastole 
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Figure 11b :  Systole 

 The bellow is used to simulate the function of left ventricle. The bellow is 

compressed to bring the systole action in the ventricle. The stroke volume of the 

bellow is equivalent to the stroke volume of left ventricle. The Fig 4.2 shows the 

diastole function of left ventricle and the Fig 4.3 shows the systole function of 

left ventricle. 

10.5.2  Latex tube – aorta 

 

Figure 12 :  Latex Tube 
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 The rubber latex tube is used in place of aorta as shown in Fig 4.4. The 

dimension of the tube is chosen in analogous to dimension of aorta. 

10.5.3 Non return valve – aortic valve 

 

Figure 13 : Non Return Valve 

 The non return valve shown in above Fig is used in place of aortic valve and 

tricuspid valve. It does the same function of the valves present in the heart. 

10.6  INSTALLATION 
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Figure 14 : Piezoelectric Transducer Placed Over the Latex Tube 

  The project is carried on the sensors laboratory in the Mechatronics 

Department. The piezoelectric transducer is placed over the latex tube as shown 

in the above Fig 4.8 in the simulation model. Then the readings are taken using 

the Lab View 8.2 software by interfacing the terminals from the piezoelectric 

transducer to the computer using DAQ card. 

10.7   READING PROCEDURE 

1. The system is completely filled with sucrose solution. 

2. The air bubbles are removed. 

3. The terminals of the piezoelectric transducer are connected to DAQ 

card. 

4. The bellow is pressed and released to simulate pumping action of left 

ventricle. 

5. The piezoelectric transducer is placed superficially over the latex tube. 

6. The readings are obtained from the Excel file generated by the 

LabView software 8.2. 
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10.7.1 Main readings (Set – I) 

 These are the readings generated by LABVIEW 8.2 Software 

Table 1 : Main Reading Set – I 

N/2 th second Voltage in mV 

1.  0 

2.  0 

3.  0 

4.  0.099908 

5.  0.099908 

6.  0 

7.  0.059754 

8.  0.060328 

9.  0.021862 

10.  0.021582 

11.  0 

12.  0 

13.  0.021862 

14.  0.021582 

15.  0.063813 

16.  0 

17.  0 

18.  0.065402 

19.  0 

20.  0.074322 

21.  0.071723 
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22.  0 

23.  0 

24.  0.081587 

25.  0.082322 

26.  0 

27.  0 

28.  0.073123 

29.  0.073181 

30.  0 

31.  0 

 

10.7.2  Graph 1 

                               

Figure 15 : Main Reading Set – I 
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 The above Fig 5.3 shows the graph generated from the main readings taken 

from the voltage recorded by the Lab View software. The Readings are tabulated 

and the graph is drawn. 

 The reading is taken for 61 seconds. The voltage is first zero due to no 

pressure difference in the tube. Then it moves to 0.1 mV due to pressure 

difference. The voltage variation is seen due to expansion and contraction of 

latex tube due to the pressure difference generated by the contraction and 

relaxation of the bellow. The graph shows that a maximum voltage of 0.1 mV 

and a minimum of zero volt. 

10.7.3 Discussion 

 The project is a simulation model to show that the power could be extracted 

from the pulse in aorta. Form the results obtained 0.1 mV could be obtained 

from the piezoelectric transducer. 

 This project idea would help in the medical field of cardiology. The idea 

would help to increase the life time of the battery in the pacemaker. This would 

help to decrease the frequency of the operation. Thus cost of operation is 

avoided. 

 The operation is also done with general anesthetic. So if the number of 

operation is reduced in the life time, the ill effect of general anesthetic could be 

reduced since even a baby may require pacemaker.  

11. CONCLUSIONS 

 The reading taken in the simulation work has shown that the power could be 

obtained from the aorta using piezoelectric transducer by using the pressure 

difference got in systole and diastole of the heart functioning. This pressure 

difference is productively converted in to electric power by piezoelectric effect.  

 From the main set reading I, the voltage variation 
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 The reading shows that a voltage of 0.1 mV could be obtained in the 

terminals of the piezoelectric transducer. This power from the transducer is 

rectified and feed to the battery to recharge it. The literature tells that 300µW is 

requires for a pacemaker to keep it running continuously.  

12. FUTURE SCOPE 

 The future scope of the project is to optimize the values and the use of better 

equipment to make the project to come into real time application of 

implementing it in the human. 

 This project would pay a way for realizing the idea of recharging battery of 

the pacemaker, which would have a great impact on the human society to help 

people who require assistance of pacemaker to run their life normally. 
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