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Abstract- The development of current intelligent systems, which mainly depend on certain intelligent materials, such as: 

polymer, thermoelectric and piezoelectric can be given solutions to critical problems especially at the level of human health. 

These systems are based on electronics materials and needs energy for the communications and the data processing. The 

electronics sensors require the autonomous power where this condition imposed a limitation application, for example, the use 

of the sensors in the detection of the air bubbles in the haemodialysis machine was generally limited to certain arrangements 

due partly to cumbersome sources of energy and in more the absence of power and data acquisition system. The entry of air 

into the organs of the dialysis patient is among the most important problems that may occur while connecting the dialysis 

machine manually or while it is working, and it is announced rigorously that the presence of bubbles of air in blood circulation 

constitutes a mortal danger to the patient. Since this fault with which case, it occurs in the haemodialysis must be quickly and 

strictly detected with high precision devices in order to envisage the strict stopping of the haemodialysis and consequently to 

protect the patient in danger from death. In this paper, we presented the simulation results of a multilayer piezoelectric system 

with the associated electronic circuit; permitting to provide the necessary autonomy power supply, to monitor, detect air 

bubbles and control arterial pressure. 

Keywords Hemodialysis, piezoelectric, generation of energy, system of storage, micro intelligent transducer. 

 

1. Introduction 

In a dialysis machine, there are two circuits: the blood 

circuit is intended to make the patient's blood circulate 

through the extracorporeal circulation lines; the hydraulic 

circuit is intended to manage the dialysis fluid. 

Kidney is a very important organ of the human organism 

[1]. It is enough that they stop functioning to see our body 

poisoning itself slowly by its own waste coming from the 

metabolism of all our cells. The people reached of such a 

disease are subjected periodically to a dialysis.  Indeed, one 

of the risks, of purification, by hemodialysis is the presence 

of bubbles of air suitable for infiltrate in blood.  

The problem of air bubbles in human blood can be 

dangerous and even fatal [2]. This problem can lead to 

blockage of narrowed blood vessels, causing a lack of 

oxygen transfer from the lungs to the patient's organs and 

cell death [3], where it is particularly important in the case of 
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a dialysis machine, which is characterized by a low flow rate, 

and can significantly disrupt the functioning of the patient's 

organs [2]. 

Therefore, the World Health Organization has imposed 

standards specifying the permissible percentage of injected 

air and the maximum volume of a single bubble in the 

injected fluid [4].   

It is necessary to find means or devices to detect the 

presence of air bubbles in medical equipment such as the 

dialysis machine, where is used for the hemodialysis. This 

machine is used for the patients with end stage renal disease. 

 In the literature, there are several techniques for 

detecting air bubbles in the blood. The ultrasound methods 

based on ultrasonic system proposed by the researchers, 

Susono Pratondo [5] and S. Ozeri et all [6] are mainly used 

on the detection of envelope amplitude which is sensitive to 

noise.  The capacitive sensors technique is proposed by 

Nguyen D.H et all [7] where is structured by electrodes on 

PCB and vertical side clamp the pipe of blood stream.  

We propose, in this work, therefore a piezoelectric 

system allowing to generate the power necessary to the 

monitoring [8-9], the detection of the bubbles of air and the 

control of the blood pressure. The results of simulation of the 

voltage and the power generated by the piezoelectric system 

(Fig.1) are given.  As for the control of the flow of blood, 

blood pressure and bubbles of air, it is enough to place 

piezoelectric sensors (PZT) on the level of the "pump 

housing ", a pressure sensor piezoelectric on the level of the 

circuit blood for the control of the blood pressure and the 

bubbles of air.  These sensors convert the mechanical 

constraint, due to the pressure, in a voltage making it 

possible to control the pumps. 

2. Hemodialysis Generator 

The monitor of dialysis makes it possible to ensure an 

effective treatment thanks to a certain number of parameters. 

It prepares, control dialysate, ensures the extra corporeal 

circulation of blood, puts in contact the two fluids by means 

of a dialyser, and ensures the best course of the meeting of 

dialysis Hemodialysis being technique of the extra 

purification renal most widespread; about 80% to 85% of the 

patients are treated by this technique [10]. 

2.1. Blood Circuit 

During the process of blood transfer from the human 

body to the dialysis machine and back, as well as during 

membrane diffusion itself, there are numerous critical 

parameters to be monitored and controlled. For patient safety 

reasons, blood circulation is continuously observed with 

regard to the presence of air bubbles as they may result in 

life-threatening air embolisms. Membrane defects in the 

dialyzer, in turn, can accidentally cause blood loss through 

the separated dialysate. For this reason, the dialysate 

discharge tube is constantly monitored for blood leaks. 

Respiration induces variations in the blood pressure that 

propagates to the extracorporeal circuit of the dialysis 

machine. However, the magnitude of these variations is very 

small compared to pressure variations induced by the dialysis 

machine. Using Sensors of pressure an estimate of the 

respiration rate is obtained every 5th second provided that 

the signal quality is sufficient. 

2.1.1. Pump with Blood 

The pump with blood is always necessary to carry out 

extra-body circulation. There are several varieties of pumps 

with blood. The majority function by crushing of a segment 

of the pipe of the arterial line by means of rollers or of a 

wheel offset. So that the blood flow is satisfactory, it imports 

that the adjustment of these pumps is correct, that the rollers 

or the wheel are tight with precision on the part of the arterial 

pipe which one calls " pump housing ". If not, this flow 

remains low, even no one, and blood is badly purified 

2.1.2. Detectors of Air Bubbles  

If the circuit located between the arterial needle and the 

pump at blood is not tight, the air is aspired and pushed in 

the dialysis machine by the pump.  That can occur in the 

event of bad connection between the arterial needle and the 

pipe where the air is aspired. If they are only some bubbles, 

they are stopped by the trap with bubbles, but they can be 

very numerous, and the trap with bubbles fills of foam, 

letting pass in the circulation of the micro bubbles. The 

danger is more important if a great quantity of air is injected, 

it is the gas embolism that can be mortal. 

2.1.3. Sensors of Pressure 

A pressure in the circuit blood, too weak or too strong, 

causes the stopping of the pumps. They are actuated in the 

event of defect on the body extra circuit. 

The piezoelectric pressure sensor is a sensor that uses 

the piezoelectric effect of piezoelectric materials to convert 

the measured pressure into an electrical signal. Use electrical 

components and other machinery to convert the pressure to 

be measured into electricity. Measuring precision instrument 

for related measurement work. Such as pressure transmitters 

and pressure sensors [9-16]. 

2.1.4. Pump Anti-Coagulation 

To avoid coagulation, a constant flow of anticoagulant is 

injected permanently into the arterial circuit. 

3. Smart Materials 

The smart material (piezoelectric) used in this study is 

sensitive, adaptive and evolutionary and has functions which 

enable him this to comprise like a sensor [11] (to detect 

signals), an actuator [12-13] (to carry out an action on its 

environment) or sometimes like a processor (to process, 

compare, store data). This piezoelectric is able to modify its 

physical properties spontaneously, for example its form, its 

connectivity, its viscoelasticity [14] or its color in answer, 

with natural or caused excitations coming from the outside or 
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the interior of material. In a general way a piezoelectric 

micro generator [15 -16] consists of a mechanical device able 

to transmit a mechanical request to a piezoelectric element 

connected to an electric circuit constituting the receiver of 

energy. The potential difference between the final electrodes 

of the piezoelectric element depends primarily on the 

mechanical solicitation and the behavior of the charge 

electric [9]. 

4. Piezoelectric System  

4.1.  Description of the Piezoelectric System  

Concerning the system, a long piezoelectric bar, of 

cylindrical form, is incorporated at an end and vibrates in the 

other side in mode 33.  F1 and V1 are respectively the force 

and speed at the loose lead 
LR . The two ends are connected 

to a load with a piezoelectric bar made up of N thin layers 

(Fig.1). 

 

Fig. 1. Piezoelectric system deformed according to mode 33 

with N layers. 

 

The established model is unidimensional, thus only the 

components along the axis x3 are taken into account.  Eq. (1) 

represents piezoelectricity with the variables. 
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One deduces finally the electric average power ( elecP ) 

converted and the provided mechanical power ( mecaP ) in Eq. 
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5. Sensor of Air Bubbles 

5.1.  Diagram synoptic 

The diagram above given by the Fig.2, shows the steps to 

be followed to detect air bubbles in the dialysis machine. 

The electronic diagram of our proposed system is given in 

the Fig.3.  A Regulator 7805 is used to stabilize the reference 
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voltage standard U to 5V, a the 16F84 microcontroller 

manages the pump control signals according to the amplitude 

and the frequency received through the piezoelectric sensor. 

The piezoelectric sensor (PZT) generates a signal 

proportional to the pressure applied on the “pump housing”.  

After rectification and filtering, the signal is transmitted 

towards an analogical-digital converter of eight bits (ADC 

0831).  The voltage Vin measured, and corresponding to the 

pressure of air bubbles, is compared with the reference 

voltage Vref. The difference between the two voltage Vin and 

Vref makes it possible to the microcontroller to actuate the 

engines of the pumps after comparison of the measured Vin 

value with the stored values in the micro-controller memory 

corresponding to the normal operation of the kidney. 

 

Fig. 2. Synoptic diagram. 

 

 

Fig. 3. Electronic diagram associated with the sensor of air 

bubbles. 

 

6.  Simulation 

The data of the tableau.1 [9], permits us to simulate the 

influence of piezoelectric thin layers numbers (Fig. 4) on the 

efficiency, of surface and the thickness on the tension 

generated (Figs. 5 and 6), of surface and the electromagnetic 

coefficient on the power generated (Figs.7 and 8) and finally 

the cyclic ratio on the output power (Fig. 9). 

The piezoelectric pressure sensor is a sensor that uses the 

piezoelectric effect of piezoelectric materials to convert the 

measured pressure into an electrical signal. Use electrical 

components and other machinery to convert the pressure to 

be measured into electricity. Measuring precision instrument 

for related measurement work. Such as pressure transmitters 

and pressure sensors. 

7. Results and Discussion  

The results of the piezoelectric system suggested shows 

that the generated power depends primarily on geometrical 

sizes of the bar and the number of thin layers which 

composes it.  The maximum of generated power can be 

reached by using a massive piezoelectric sample having a 

great thickness and a minimal surface.  However, the 

maximum of power can be to improve in substituting the 

massive sample by a sample of the same volume but 

composed of several piezoelectric thin layers. In this work, 

the power of 2,2 mW was obtained by parallel connection of 

ten piezoelectric layers of 1mm each one.  The optimal 

transfer of this energy towards the load was reached for a 

cyclic ratio, of the converter, of 2;4% 

 

Fig 4. The influence of the layers numbers on the efficiency. 
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Fig. 5. Voltage generated according to the frequency for 

different surfaces piezoelectric bar for a L3=0.3cm thickness. 

 

Fig. 6. Voltage generated for various values of the 

frequencies with L3=1cm, A3=(9mm)2. 

 

Fig. 7. Electrical output power generated for various values 

of the surface of the bar with thickness 3 1L cm= . 

 

Fig. 8. Power and electromechanical coefficient according to 

the frequency. 

Table 1. Tableau.1 Piezoelectric sensor parameters [8] 

 =7700kg/ 3m  eZ =262Ω pu =3780m/s 
0C  =6.64× 1210 F−  

33

Ds =9.09× 12 210 /m N−  
33g  =26× 310 /Vm N−  33h  =28.6× 810 /V m  0R  =1.2 ΩG 

33
T  =6.11×  7 210 /V N  Cm =8.19× 910 F−  Lm =3.47× 410 H−  Qm  =80 

3l  =1cm  3A  = 29mm  mR =16.2Ω tan  =0.02 

 

8. Conclusion  

In this work, a piezoelectric system has been presented 

for to provide the autonomous power necessary to the 

monitoring and the detection of air bubbles and the control of 

the blood pressure. In order to optimize the electric power 

produced by the micro generator, the results of simulation 

show that it is necessary to have a surface of the piezoelectric 

transducer in the order of the micrometers, as shown in the 

Fig. 2, a great thickness in the order of the centimetre and a 

maximum number of ten thin layers (fig.1) when the ration 

between thickness and surface has been constant. These 

values permit to remain in magnitude order of volume lower 

than 1cm3 and an optimal value of the cyclic ratio of about 

2.4% to reach a maximum of power. 



INTERNATIONAL JOURNAL of SMART GRID  
S. BENHADOUGA et al., Vol.6, No.2, June, 2022 

 53 

References 

[1] van Swelm, R.P.L., Wetzels, J.F.M. & Swinkels, D.W. 

The multifaceted role of iron in renal health and 

disease. Nat Rev Nephrol 16, 77–98, 2020. 

https://doi.org/10.1038/s41581-019-0197-5 

[2] C. Davey and T. Stather-Dunn, "Very small bubbles 

cause clinically significant variability in syringe pump 

fluid delivery", Journal of Medical Engineering & 

Technology, Vol 29, No 3, pp.130-136, May/June 2005.  

[3] NHS Direct., " Air Embolism", NHS Direct Online 

Health Encyclopedia, 2006. 

[4] International Electrotechnical Commission, "IEC60601-

2-24, Particular Requirements for the safety of Infusion 

Pumps and Controllers", Feb-1998. 

[5] Busono, Pratondo. “Development of Ultrasonic Based 

Air Bubble Detection and Safety System for 

Hemodialysis Machine to Prevent Embolism.” Applied 

Mechanics and Materials, vol. 771, Trans Tech 

Publications, Ltd., pp. 116–120, July 2015.  

doi:10.4028/www.scientific.net/amm.771.116 

[6] S. Ozeri, D. Shmilovitz and J. Fainguelernt, "Ultrasonic 

Air Bubble Detection Employing Signal Processing 

Techniques," 2006 IEEE International Symposium on 

Industrial Electronics, pp. 2840-2845, 2006, doi: 

10.1109/ISIE.2006.296066. 

[7] Nguyen Dac Hai, Pham Hoai Nam, Vu Quoc Tuan, Tran 

Thi Thuy Ha, Nguyen Ngoc Minh, Chu Duc Trinh, "Air 

bubbles detection and alarm in the blood stream of 

dialysis using capacitive sensors," International 

Conference on Engineering Mechanics and Automation 

(ICEMA 3), Hanoi, October 15-16, 2014. 

[8] R. Farhan, A. Eddiai, M. Meddad, N. Chakhchaoui, M. 

Rguiti, M. Mazroui,  "Improvement in energy 

conversion of electrostrictive composite materials by 

new approach via piezoelectric effect: Modeling and 

experiments," Polym Adv Technol. Volume32, Issue1, 

pp. 123-130, January 2021. 

[9] M. Meddad, A. Eddiai, S. Belkhiat, A. Chérif, A. Hajjaj, 

S. Benahdouga, Z. Sassi, S. Touhtouh, "Analysis of 

micro power generator autonomous PZT with use of 

sliding mode control ,"  Journal of Optoelectronics and 

Advanced Materials 15(vol. 15, no 5-6):487-492, May 

2013. 

[10] Y. Mourin, 'la rousse médical 2004', ISBN2-03-560265-

3, pp 466, 2004. 

[11] Stephen R, Platt, Shame F, Hani H, 'On Low-Frequency 

Electric Power Generation With PZT Ceramics', 

IEEE/ASME Transaction on mechatronics, Vol .10, 

N°2 , pp240-252, 2005. 

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

'Toward energy harvesting using active materials and 

conversion improvement by nonlinear processing', 

IEEE transactions on ultrasonics, ferroelectrics, and 

frequency control, vol. 52, no. 4, pp. 584-594, 2005. 

[13] D. V. Q. Rodrigues, D. Rodriguez, V. Pugliese, M. 

Watson and C. Li, "Air Bubble Detection Based on 

Portable mm- Wave Doppler Radars," 2021 IEEE MTT-

S International Wireless Symposium (IWS), pp. 1-3, 

2021, doi: 10.1109/IWS52775.2021.9499644. 

[14] S. Benjamin R. Martin, 'Energy harvesting application of 

ionic polymers', thesis submeted to the faculty of the 

virginia polytechnic, April, 22, 2005. 

[15] A. Badel, A. Benayed, E. Leufebre, and D. guyomar, 

'Single crystale nonlinear process for outstanding 

vibration –powred electrical generators', IEEE on 

ultrasonics, ferroelectric and frequency control , Vol 53 

, n0 4 , pp 673-684 , 2006. 

[16] M. Meddad, A. Chérif, S. Belkhiat, 'Model of 

Piezoelectric Self Powered supply for Wearable 

Devices', international conference on electrical 

engineering and its application 22-24/05/2006 Annaba 

ICCMD’06. 

 

 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Farhan%2C+Rida
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Eddiai%2C+Adil
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Meddad%2C+Mounir
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Chakhchaoui%2C+Nabil
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Rguiti%2C+Mohamed
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Rguiti%2C+Mohamed
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mazroui%2C+M%27hammed
https://onlinelibrary.wiley.com/toc/10991581/2021/32/1
https://www.researchgate.net/journal/Journal-of-Optoelectronics-and-Advanced-Materials-1454-4164
https://www.researchgate.net/journal/Journal-of-Optoelectronics-and-Advanced-Materials-1454-4164

